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ABSTRACT 
Background: Non-compliance in the drafting of examination bulletins makes it difficult to perform them and 
interpret the results. With the aim of continuously improving laboratory services and guaranteeing the quality of 
urine cytobacteriological examination (ECBU) results, we initiated this study to evaluate non-compliance in the 
drafting of ECBU reports. 
Materials and methods: This was a retrospective descriptive cross-sectional study which focused on non- 
compliance in the drafting of ECBU reports analysed in the laboratory from January to December 2022. 
Results: During the study period, we collected 383 non-compliant ECBU reports out of 672, with a frequency of 
56.99%. Non-compliances were related to age (2.68%), profession (24.40%), clinical information (6.70%) and resi-
dence (52.08%). The majority of non-compliant reports came from the medicine (35.51%) and urology (25.85%) 
departments. 
Conclusion: The high frequency of non-compliance is a cause for concern and is of concern to all prescribers in 
this hospital. 
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biology tests makes it difficult to carry them out and inter-
pret the results (2). A number of researchers have concluded 
that non-compliance has a number of possible consequences 
for patients, such as misdiagnosis, mismanagement and 
treatment, as well as therapeutic abstention (3). In Burkina 
Faso, 59.4% of non-compliances concerning clinical informa-
tion were reported in a study in 2021 (2). In Niger, Djobo et 
al recorded 53.99% of non-compliances concerning failure 
to notify the name of the service on biological examination 
forms (4). In Mali, 41% of non-compliances concerning clini-
cal information were found (5). With a view to continuous 
quality improvement and guaranteeing the quality of urine 
cytobacteriological examination (ECBU) results, we initiated 
this study with the aim of evaluating non-compliance in the 
drafting of ECBU reports analysed at the Sikasso Hospital 
laboratory.

Introduction 
A biological test report is a medical prescription for diag-

nostic purposes, specifying the parameter to be measured, in 
relation to the diagnostic hypothesis envisaged, and all the 
information needed for the laboratory to carry out the test 
correctly (1). Non-compliance in the prescription of medical 
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Materials and methods 
Study design and population

This was a retrospective descriptive cross-sectional study 
of non-compliance in the completion of ECBU reports at 
Sikasso Hospital from January to December 2022. The study 
population consisted of reports containing the ECBU anal-
ysed in the laboratory during the study period. Data were 
collected from examination request forms and the labora-
tory register. 

Inclusion criteria 

All bulletins with ECBU analysed at the hospital labora-
tory were included in this study.

Non-inclusion criteria 

All reports of ECBU analysed in other laboratories, as well 
as reports of biological examinations other than ECBU were 
not included.

Study variables 

The study variables were age, sex, occupation, clinical 
information and place of residence. 

Statistical analysis 

Excel 2013 and Epi Info 7.2.1.0 were used for statistical 
analysis of the data. 

Ethical considerations 

Anonymity was preserved before each inclusion.

Results 

During the study period, we identified 383 non-compliant 
reports out of 672, with a frequency of 56.99%. The non-
compliances identified were related to age, profession, clini-
cal information and residence (Tab. I).

TABLE I - Frequency of non-compliance by age, profession, clinical 
information and residence

Variables Number Frequency (%)
Non-compliance by age
Yes  18  2.68
No 654 97.32
Non-compliance by profession
Yes 164 24.40
No 508 75.60

Non-compliance by clinical information 
Yes  45  6.70

No 627 93.30

Non-compliance by residence 
Yes 350 52.08
No 322 47.92

The majority of non-compliance bulletins came from the 
medicine (35.51%) and urology (25.85%) departments (Fig. 1).
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Fig. 1 - Breakdown of non- 
compliant forms by department.
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The non-compliances concerning age were 35.29% 
for the medicine department and 29.41% for the urology 
department. The lack of information on prescriptions in the 
urology department was 41.98%, and 21.60% in the nephrol-
ogy department. The absence of clinical information was 
frequent on the urology department forms (44.19%). Non-
compliances concerning residence accounted for 39.08% for 
medicine and 22.70% for urology. 

Study limitations

The non-conformities concerned only ECBU bulletins, 
which justifies their high frequency during the course of this 
work.

Discussion

Prescription is the result of careful consideration, taking 
into account the epidemiological and clinical context on the 
one hand, and precise knowledge of what can be expected 
from the examination on the other (6). ECBU reports received 
during the course of this study were 56.99% non-compliant. 
Yacouba et al in Burkina Faso reported a non-compliant rate 
of 5.2% (2). Our result could be explained by the size of our 
sample, which was not large enough, and by the fact that 
the study was limited to ECBU reports. The majority of non-
compliant reports came from medicine (35.51%) and urology 
(25.85%) departments. Djobo et al found 3.64% and 1.33%, 
respectively, for the medicine and urology departments (4). 
This could be explained by automatic prescribing, which is 
often based on personal habits rather than established pro-
tocols (6). In our study, non-compliance relating to clinical 
information accounted for 6.70%. This proportion is lower 
than that reported by Djobo et al, who found the rate to 
be 46.63%. This situation could be explained by the lack of 
awareness of the importance of this parameter in the inter-
pretation of ECBU by several of our prescribers (4). Including 
clinical and therapeutic information can help the biologist in 
choosing the technique to be used, or lead him/her to advise 
against a costly investigation and suggest a more appropri-
ate one (2). Age was missing from 2.68% of the forms in our 
study. This low rate confirms our prescribers’ mastery of the 
impact of this parameter in interpreting the results (2). Those 
with no occupation or residence accounted for 24.40% and 
52.08%, respectively. These socio-demographic parameters 
are one of the factors that will add value to our knowledge 
of the factors that contribute to urinary tract infections. 
Reporting them on ECBU reports will be of epidemiological 
interest.

Conclusion 

This study has provided information on the completeness 
of ECBU reports. The high frequency of non-compliance is a 

cause for concern and is of concern to all prescribers in the 
hospital. Close collaboration between prescribers and biolo-
gists would help to control non-compliance in the drafting of 
examination reports.
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eīects�;ϭͿ.��Eiǀoůuŵab�binds�to�tŚe�W�Ͳϭ�ƌeceƉtoƌ�and�bůocŬs�
its� inteƌaction� witŚ� W�Ͳ>ϭ� and� W�Ͳ>Ϯ͕� inŚibitinŐ� tŚe� W�ͲϭͲ
ŵediated�iŵŵune�ƌesƉonse.

Eiǀoůuŵab�aƉƉƌoǀaů�was�based�on�data�Ĩƌoŵ��ŚecŬDate�
ϭϰϮ�ŵuůticenteƌ�ƉŚase�Ϯ�studǇ� inǀestiŐatinŐ� its�eĸcacǇ�and�
saĨetǇ� in� tŚe� coŚoƌt� oĨ� D^/ͲŚiŐŚ/dDDZ� ŵ�Z�� Ɖatients�
wŚo�Śad�ƉƌoŐƌessed�duƌinŐ�oƌ�aŌeƌ�Ɖƌioƌ� tƌeatŵent�witŚ�a�
ŇuoƌoƉǇƌiŵidineͲ͕� oǆaůiƉůatinͲ͕� oƌ� iƌinotecanͲbased� cŚeŵo-
tŚeƌaƉǇ.�/n�tŚis�studǇ͕ �ϲϴ.ϵй�oĨ�Ɖatients�ƌesƉonded�to�tƌeat-
ŵent͕�witŚ�ϯϭ.ϭй�acŚieǀinŐ�an�obũectiǀe� ƌesƉonse� ƌate� ;ϮͿ.�

Background

/ŵŵunotŚeƌaƉǇ�Śas�becoŵe�an�inteŐƌaů�Ɖaƌt�oĨ�a�coŵƉƌe-
Śensiǀe�tƌeatŵent�aƉƉƌoacŚ�to�ŵetastatic�coůoƌectaů�canceƌ�
;ŵ�Z�Ϳ.�Eiǀoůuŵab͕�one�oĨ�tŚe�Įƌst�iŵŵune�cŚecŬƉoint�inŚib-
itoƌs͕�was�aƉƉƌoǀed�bǇ�tŚe�h^�&ood�and��ƌuŐ��dŵinistƌation�
;&��Ϳ� in� ϮϬϭϳ� Ĩoƌ� use� in� Ɖatients� wŚose� tuŵoƌs� Śaƌboƌ�
deĮcient� ŵisŵatcŚ� ƌeƉaiƌ� ;dDDZͿ͕� oƌ� ŚiŐŚ� ŵicƌosateůůite�
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&uƌtŚeƌ studies� Śaǀe� conĮƌŵed� tŚat� niǀoůuŵab� Ɖƌoǀides�
a� ůonŐͲteƌŵ� oǀeƌaůů� suƌǀiǀaů� in� D^/ͲŚiŐŚ/dDDZ� ŵ�Z�� ;ϯͿ.�
Zecent� cůinicaů� tƌiaůs� data� suŐŐest� tŚat� tŚe� coŵbination� oĨ�
niǀoůuŵab� witŚ� ŵuůtiŬinase� oƌ� Śistone� deacetǇůase� inŚibi-
toƌs� deŵonstƌates� ƉƌoŵisinŐ� sǇneƌŐistic� actiǀitǇ� in� Ɖatients�
witŚ�ŵicƌosateůůite�stabiůitǇ�;D^^Ϳ/ŵisŵatcŚ�ƌeƉaiƌ�ƉƌoĮcient�
;ƉDDZͿ�ŵ�Z�͕�wŚicŚ� is�detected� in� aƉƉƌoǆiŵateůǇ�ϵϱй�oĨ�
aůů� ŵ�Z�� cases� ;ϰ͕ϱͿ.� ,oweǀeƌ͕ � tŚe� ŵoůecuůaƌ� Ĩeatuƌes� oĨ�
D^^/ƉDDZ� tŚat� ůead� to� enŚanced� tuŵoƌ� iŵŵunoŐenicitǇ�
and� sensitiǀitǇ� to� iŵŵune� cŚecŬƉoint� inŚibitoƌs� aƌe� to� be�
d isc ussed . 

dŚe� use� oĨ� iŵŵune� cŚecŬƉoint� inŚibitoƌs͕� incůudinŐ�
niǀoůuŵab͕�Śas� intƌoduced�new�atǇƉicaů� ƌesƉonse�ƉaƩeƌns͕�
sucŚ�as�dissociated�ƌesƉonse.�dŚe�ŵost�coŵŵon�deĮnition�
oĨ�a�dissociated�ƌesƉonse�is�tŚe�coeǆistence�oĨ�botŚ�ƌesƉond-
inŐ�and�nonͲƌesƉondinŐ�ůesions�witŚin�tŚe�saŵe�Ɖatient�;ϲͿ.�
,oweǀeƌ͕ �tŚeƌe�is�no�estabůisŚed�teƌŵinoůoŐǇ�as�weůů�as�stan-
daƌd�cƌiteƌia�oĨ�deĮnition�Ĩoƌ�dissociated�ƌesƉonse͖�diīeƌent�
teƌŵs� sucŚ� as�ŵiǆed�oƌ� ŚeteƌoŐeneous� ƌesƉonse� aƌe�used.��
�ůtŚouŐŚ�ǀaƌious�tǇƉes�oĨ�dissociated�ƌesƉonse�to�niǀoůuŵab�
Śaǀe�been�descƌibed� in�ŵanǇ� soůid� tuŵoƌs� ;ϳͲϵͿ͕� tŚeƌe� aƌe�
no�data�ƌeŐaƌdinŐ�sucŚ�ƌesƉonse�in�ŵ�Z��Ɖatients�witŚ�D^^/
ƉDDZ�ƉŚenotǇƉe.

,eƌe�we�ƌeƉoƌt�a�case�diaŐnosed�witŚ�D^^/ƉDDZ�ŵ�Z��
wŚo� Śas� acŚieǀed� a� duƌabůe� ƌesƉonse� to� niǀoůuŵab� witŚ�
atǇƉicaů�ƌeaction�aŌeƌ�ƉƌoŐƌession�ĨoůůowinŐ�ĮƌstͲ�and�secondͲ
ůine�cŚeŵotŚeƌaƉǇ�witŚ�antianŐioŐenic�tŚeƌaƉǇ.�

Case report
Patient information

�� ϰϮͲǇeaƌͲoůd�ŵan͕� neǀeƌ� sŵoŬeƌ͕ � witŚ� abdoŵinaů� Ɖain�
accoŵƉanied�bǇ�nausea�was�taŬen�bǇ�aŵbuůance�to�tŚe�ůocaů�
ŚosƉitaů� in� �uŐust� ϮϬϭϳ͕� wŚeƌe� intestinaů� obstƌuction� was�
ǀeƌiĮed.� ,is� ŵedicaů� ŚistoƌǇ� incůuded� ̭Śƌonic� cŚoůecǇstitis͕�
cŚƌonic� Ɖancƌeatitis͕� and� ŵiǆed� etioůoŐǇ� oĨ� ŚeƉatitis.� dŚe�
Ɖatient�undeƌwent�abdoŵinaů�stoŵa�suƌŐeƌǇ.��ioƉsǇ�ƌeǀeaůed�
a�ŚiŐŚůǇ�diīeƌentiated�adenocaƌcinoŵa.�dŚe�Ɖatient�indeƉen-
dentůǇ� ǀisited� doŵsŬ� �anceƌ� ZeseaƌcŚ� /nstitute� Ĩoƌ� ĨuƌtŚeƌ�

eǆaŵination͕� wŚeƌe� Śe� undeƌwent� ůeŌ� ŚeŵicoůectoŵǇ� and�
coůostoŵǇ�sutuƌinŐ.�WatŚoůoŐic�ǀeƌiĮcation�oĨ�ƌesection�sƉeci-
ŵens� conĮƌŵed�ŵodeƌateůǇ� diīeƌentiated� adenocaƌcinoŵa�
witŚ�ŵucinous� Ĩeatuƌes� and� Ĩoci� oĨ� seǀeƌe� Įbƌosis͕� as� weůů�
as�coŵedo�necƌosis�and�witŚ�an�accoŵƉanǇinŐ� ůǇŵƉŚocǇtic�
inĮůtƌate�and�inǀasion�into�tŚe�seƌous�ŵeŵbƌane.�dŚe�Ɖatient�
was� diaŐnosed� witŚ� sƉůenic� Ňeǆuƌe� coůon� canceƌ͕ � dϰEϯDϬ͕�
staŐe�///�.�,oweǀeƌ͕ �a�ŵontŚ�ůateƌ͕ �duƌinŐ�an�additionaů�eǆaŵi-
nation�in�Kctobeƌ�ϮϬϭϳ͕�suƉƌacůaǀicuůaƌ�ůǇŵƉŚ�node�ŵetasta-
ses�on�botŚ�sides�weƌe�detected.��ue�to�deĮnitiǀe�eǀidence�
oĨ�disseŵinated disease͕� tŚe�Ɖatient�was�uƉstaŐed� to� staŐe�
/s.�Doůecuůaƌ�testinŐ�oĨ�tŚe�tuŵoƌ�ƌeǀeaůed�tŚe�KRASƉ.'ϭϮ��
ŵutation.�

MSS/pMMR phenotype

/ŵŵunoŚistocŚeŵistƌǇ� anaůǇsis� oĨ� DDZ� Ɖƌotein�
eǆƉƌession� ;D>,ϭ͕� D^,Ϯ͕� D^,ϲ͕� and� WD^ϮͿ� deŵon-
stƌated� a� ŚoŵoŐeneous� Ɖatteƌn� oĨ� tŚeiƌ� ƉƌoĨiciencǇ� in�
coůon� tuŵoƌ� tissue� ;&iŐ.� ϭ�Ϳ.� WoůǇŵeƌase� cŚain� ƌeaction�
;W�ZͿ�assaǇ�conĨiƌŵed�tŚe�D^^�ƉŚenotǇƉe�Ĩoƌ�tŚƌee�diĨĨeƌ-
ent�coůon�tuŵoƌ�sƉeciŵens�;&iŐ.�ϭ�Ϳ.�titŚ�ƌesƉect�to�W�Ͳ>ϭ�
status͕�a�weaŬ�eǆƉƌession�;dW^Ͳϭй�and��W^Ͳϲ.ϬͿ�in�seǀeƌaů�
coůon� tuŵoƌ� sƉeciŵens� was� indeƉendentůǇ� detected� bǇ�
tw o researc hers.

Chemotherapeutic intervention

Watient� was� staƌted� on� a� ĮƌstͲůine� &K>&Ky� Ɖůus� beǀaci-
ǌuŵab�ƌeŐiŵen͕�wŚicŚ�consisted�oĨ�beǀaciǌuŵab�ϱ�ŵŐ/ŬŐ�on�
daǇ�ϭ͕�oǆaůiƉůatin�ϴϱ�ŵŐ/ŵ2�on�daǇ�ϭ͕�ůeucoǀoƌin�ϰϬϬ�ŵŐ/ŵ2

on�daǇ�ϭ͕�and�ϱͲŇuoƌouƌaciů�ϰϬϬ�ŵŐ/ŵ2�boůus� inũection� Ĩoů-
ůowed�bǇ�ϰϲͲŚouƌ�continuous�inĨusion�oĨ�ϱͲŇuoƌouƌaciů�Ϯ͕ϰϬϬ�
ŵŐ/ŵ2�on�daǇ�ϭ.��Ōeƌ� Ĩouƌ�cǇcůes�oĨ� tƌeatŵent͕� tŚe�Ɖaƌtiaů�
ƌesƉonse� Ɖeƌ� Z��/^d� ϭ.ϭ� was� ƌecoƌded.� /n� :une� ϮϬϭϴ͕� tŚe�
Ɖatient�coŵƉůeted�ϭϰ�cǇcůes�oĨ�cŚeŵotŚeƌaƉǇ�and�ĨoůůowinŐ�
tŚe� cŚest� coŵƉuted� toŵoŐƌaƉŚǇ� ;�dͿ� iŵaŐes� sŚowed� tŚe�
aƉƉeaƌance�oĨ�ƌandoŵůǇ�ůocated�Ĩocaů�noduůes�oĨ�uƉ�to�ϳ�ŵŵ�
in�siǌe�consistent�witŚ�ůunŐ�ŵetastases.�dŚe�ůeǀeůs�oĨ�tuŵoƌ�
ŵaƌŬeƌs�sucŚ�as����͕���ϭϵͲϵ͕�and���ϮϰϮ�did�not�eǆceed�tŚe�

Fig. 1 - /ŵŵunoŚistocŚeŵi-
caů� staininŐ� oĨ� DDZ� Ɖƌoteins.�
Wositiǀe� eǆƉƌession� oĨ� D>,ϭ͕�
D^,Ϯ͕�D^,ϲ͕�and�WD^Ϯ�in�tŚe�
coůon� tuŵoƌ�tissue� ;ŵaŐniĮca-
tion� пϮϬϬͿ� ;�Ϳ͖� D^/� test� eůec-
tƌoƉŚeƌoŐƌaŵs�witŚ�EZͲϮϳ͕ �EZͲ
Ϯϭ͕� EZͲϮϰ͕� ��dϮϱ͕� and� ��dϮϲ�
ŵaƌŬeƌs� in� tŚe� coůon� tuŵoƌ�
and�ůǇŵƉŚ�node�sƉeciŵens�;�Ϳ.�
DDZ�с�ŵisŵatcŚ�ƌeƉaiƌ͖�D^/�с�
ŵicƌosateůůite�instabiůitǇ.
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noƌŵaů� ǀaůues͕� beinŐ�ϬͲϯ.ϰϬ�nŐ/ŵ>� Ĩoƌ����͕� ϬͲϯϰ�h/ŵ>� Ĩoƌ�
��ϭϵͲϵ͕�and�ϬͲϮϬ.Ϭ�h/ŵ>�Ĩoƌ���ϮϰϮ.

^econdͲůine� tƌeatŵent� witŚ� &K>&/Z/� and� aŇibeƌceƉt�
;aŇibeƌceƉt�ϰരŵŐ/ŬŐ�on�daǇ�ϭ͕�iƌinotecan�ϭϴϬരŵŐ/ŵ2 on�daǇ�
ϭ͕�ůeucoǀoƌin�ϰϬϬ�ŵŐ/ŵ2 on�daǇ�ϭ͕�ϱͲŇuoƌouƌaciů�ϰϬϬ�ŵŐ/ŵ2

boůus�inũection�Ĩoůůowed�bǇ�ϰϲͲŚouƌ�continuous�inĨusion�oĨ�
ϱͲŇuoƌouƌaciů�Ϯ͕ϰϬϬ�ŵŐ/ŵ2Ϳ�was�initiated.�ZeƉeat��d�iŵaŐes�
aŌeƌ�tŚƌee�cǇcůes�sŚowed�no�ŐƌowtŚ�oĨ�Ĩocaů�noduůes�in�tŚe�
ůunŐ.�dŚis�tƌeatŵent�was�associated�witŚ�adǀeƌse�eǀents�sucŚ�
as�oĨ�Őƌade�Ϯ�ŚǇƉeƌtension͕�nausea͕�and�tŚƌoŵbocǇtoƉenia.�
�d�assessŵent�aŌeƌ�seǀen�cǇcůes�oĨ�tƌeatŵent�conĮƌŵed�a�
stabůe�ƌesƉonse.��ue�to�an�acute�eǆaceƌbation�oĨ�ŵiǆed�eti-
oůoŐǇ�ŚeƉatitis�;cŚƌonic�ŚeƉatitis���witŚ�seƌuŵ��ŚeƉatitis���
ǀiƌus��E��titeƌ�хϭϬ 5 �coƉies/ŵ>�and�toǆic�ŚeƉatitisͿ�and�an�
abnoƌŵaů� aůanine� aŵinotƌansĨeƌase� eǆceedinŐ� nine� tiŵes�
tŚe�uƉƉeƌ�ůiŵit�oĨ�noƌŵaů�at�baseůine͕�subseƋuent�tƌeatŵent�
was� inteƌƌuƉted.� dŚe� Ɖatient� ƌeceiǀed� ŚeƉatoƉƌotectiǀe�
and� detoǆiĮcation� tƌeatŵent.� �ƉƉƌoǆiŵateůǇ� Ϯ� ŵontŚs�
ůateƌ͕ ��d�scans�sŚowed�an�incƌease�oĨ�noduůe�siǌe�in�tŚe�ůunŐ�
;&iŐ.�Ϯ�Ϳ.�

Nivolumab administration

'iǀen� tŚe� Ĩast� ƉƌoŐƌession� and� W�Ͳ>ϭ� status͕� tƌeatŵent�
witŚ�niǀoůuŵab�at�a�dose�ϮϰϬ�ŵŐ�was�staƌted�in��eceŵbeƌ�
ϮϬϭϴ.�dŚƌee�ŵontŚs� ůateƌ͕ �ŵost�oĨ�tŚe�ƉƌeǀiousůǇ� identiĮed�
Ĩocaů�noduůes� in� tŚe� ůunŐ�weƌe�not� cůeaƌůǇ�ǀisuaůiǌed�bǇ��d͕ �
tŚe�ƌeŵaininŐ�ůesions�decƌeased�in�siǌe�uƉ�to�ϭͲϮ�ŵŵ.�/n�DaǇ�
ϮϬϭϵ͕�cŚest��d�scans�conĮƌŵed�tŚe�ƌeduction�oĨ�ůunŐ�noduůes�
;&iŐ.�Ϯ�Ϳ.�,oweǀeƌ͕ �a�ƉaƌaͲaoƌtic� ůǇŵƉŚ�node�;W�>EͿ�on�tŚe�
ůeŌ�uƉ�to�ϭϱпϭϮ�ŵŵ�was�Ĩound�;&iŐ.�Ϯ�Ϳ.�hsinŐ�tŚe�iZ��/^d�as�
a�ŵodiĮed�iŵŵune�Z��/^d�cƌiteƌion�;ϭϬͿ͕�tŚe�ƌesƉonse�was�
cůassiĮed�as�a�dissociated�ƌesƉonse.�D^^�ƉŚenotǇƉe�in�ůǇŵƉŚ�
node�was�ĨuƌtŚeƌ�ǀeƌiĮed�bǇ�W�Z�;&iŐ.�ϭ�Ϳ.�

&uƌtŚeƌ� adŵinistƌation� oĨ� niǀoůuŵab� aůůowed� acŚieǀinŐ�
Ɖositiǀe� dǇnaŵics� in� teƌŵs� oĨ� tŚe� disaƉƉeaƌance� oĨ� ůesions�
in� tŚe� ůunŐ�;&iŐ.�Ϯ�Ϳ�and�tŚe�absence�oĨ� tŚe�ŐƌowtŚ�oĨ�W�>E�
ŵetastases�in��uŐust�ϮϬϭϵ�;&iŐ.�Ϯ�Ϳ.��n�iŵŵune�stabůe�disease�
;i^�Ϳ�Ɖeƌ�iZ��/^d�was�ƌecoƌded�untiů�̂ eƉteŵbeƌ�ϮϬϮϭ͕�wŚen�we�
Śad�to�discontinue�tƌeatŵent�due�to�tŚe�Ɖatient�beinŐ�inĨected�
witŚ��Ks/�Ͳϭϵ.�dŚe�adŵinistƌation�oĨ�niǀoůuŵab�was�ƌesuŵed͖�

Fig. 2 - �Śest� coŵƉuted� toŵo-
ŐƌaƉŚǇ� ;�dͿ� oĨ� tŚe� ůunŐ� ůesions�
and�ƉaƌaͲaoƌtic�ůǇŵƉŚ�node�ůe-
sion. &ocaů� noduůes� in� tŚe� ůunŐ�
at�staƌt�oĨ�niǀoůuŵab�tƌeatŵent�
;�Ϳ͖� ϱ� ŵontŚs� aŌeƌ� niǀoůuŵab�
tƌeatŵent͕� ƌeduction� oĨ� ůunŐ�
noduůes�;�Ϳ�and�ƉaƌaͲaoƌtic�ůǇŵ-
ƉŚ�node�ůesion�uƉ�to�ϭϮ�ŵŵ�;�Ϳ͖�
ϴ� ŵontŚs� aŌeƌ� niǀoůuŵab� tƌe-
atŵent͕� disaƉƉeaƌance� oĨ� ůunŐ�
ůesions�;�Ϳ�and�ůacŬ�oĨ�ŐƌowtŚ�oĨ�
ƉaƌaͲaoƌtic� ůǇŵƉŚ� node� ůesion�
;�Ϳ͖�incƌease�oĨ�ƉaƌaͲaoƌtic�ůǇŵ-
ƉŚ�node�ůesion�ϰϬ�ŵontŚs�aŌeƌ�
niǀoůuŵab�tƌeatŵent�;&Ϳ.
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Śoweǀeƌ͕ � in��Ɖƌiů�ϮϬϮϮ͕��d�scans� ƌeǀeaůed�an� incƌease� in� tŚe�
siǌe�oĨ�W�>E�bǇ�ϳ�ŵŵ�coŵƉaƌed�witŚ�tŚe�baseůine�;&iŐ.�Ϯ&Ϳ.�dŚe�
decision� to� initiate�&K>&Ky�Ɖůus�beǀaciǌuŵab� tŚeƌaƉǇ� ;beǀa-
ciǌuŵab� ϱ�ŵŐ/ŬŐ� on� daǇ� ϭ͕� oǆaůiƉůatin� ϴϱ�ŵŐ/ŵ2� on� daǇ� ϭ͕�
ůeucoǀoƌin�ϰϬϬ�ŵŐ/ŵ2�on�daǇ�ϭ͕�and�ϱͲŇuoƌouƌaciů�ϰϬϬ�ŵŐ/ŵ2

boůus� inũection� Ĩoůůowed� bǇ� ϰϴ� Śouƌs� continuous� inĨusion� oĨ�
ϱͲŇuoƌouƌaciů�Ϯ͕ϰϬϬ�ŵŐ/ŵ2�on�daǇ�ϭͿ�was�taŬen�bǇ�a�ŵuůtidis-
ciƉůinaƌǇ�staī.��ue�to�tŚe�eǆƉeƌience�oĨ�ŚǇƉeƌsensitiǀitǇ�ƌeac-
tion�to�oǆaůiƉůatin�aŌeƌ�tŚƌee�cǇcůes͕�tŚe�Ɖatient�was�switcŚed�
to�tŚe�beǀaciǌuŵab�in�coŵbination�witŚ�caƉecitabine�ƌeŐiŵen�
;beǀaciǌuŵab�ϱ�ŵŐ/ŬŐ�and�caƉecitabine�Ϯ͕ϱϬϬ�ŵŐ/daǇ͕ �daǇs�ϭ�
and�ϭϰͿ.��uƌƌentůǇ͕ �tŚe�Ɖatient�Śas�coŵƉůeted�ϭϬ�cǇcůes�oĨ�tŚis�
tŚeƌaƉǇ�witŚ�Őood�toůeƌance.

Conclusion 

te�Śaǀe�ƌeƉoƌted�a�Ɖatient�witŚ�D^^/ƉDDZ�ŵ�Z��wŚo�
Śas�acŚieǀed�a�coŵƉůete�ƌesƉonse�to�niǀoůuŵab�aŌeƌ�a�Ɖƌo-
Őƌession� on� cŚeŵotŚeƌaƉǇ� and� antianŐioŐenic� tƌeatŵent͕�
witŚ�a�ƌesƉonse�duƌation�oĨ�ϯϮ�ŵontŚs.��ased�on�tŚe�Ɖƌes-
ence�oĨ�W�Ͳ>ϭ�weaŬ�eǆƉƌession͕�tŚe�Ɖotentiaů� iŵŵunoŐenic�
Ĩeatuƌes� oĨ� tŚe� tuŵoƌ� ůeadinŐ� to� beneĮt� Ĩƌoŵ� W�Ͳϭ/W�Ͳ>ϭ�
taƌŐetinŐ� tŚeƌaƉǇ� couůd� be� suŐŐested.� Wƌesent� case� ƌeƉoƌt�
deŵonstƌates�tŚat�a�subset�oĨ�Ɖƌetƌeated�ŵ�Z��Ɖatients�witŚ�
D^^/ƉDDZ� ƉŚenotǇƉe� ŵaǇ� beneĮt� Ĩƌoŵ� niǀoůuŵab.� te�
wiůů�undeƌtaŬe�a�ŚiŐŚͲtŚƌouŐŚƉut�tƌanscƌiƉtoŵe�seƋuencinŐ�
oĨ�botŚ�coůon�tuŵoƌ�and�ůǇŵƉŚ�node�sƉeciŵens�to�estabůisŚ�
Ɖossibůe�ŵoůecuůaƌ�bacŬŐƌound�Ĩoƌ�a�dissociated�ƌesƉonse.
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ABSTRACT
Drug repurposing is a strategic endeavor that entails the identification of novel therapeutic applications for phar-
maceuticals that are already available in the market. Despite the advantageous nature of implementing this par-
ticular strategy owing to its cost-effectiveness and efficiency in reducing the time required for the drug discovery 
process, it is essential to bear in mind that there are various factors that must be meticulously considered and 
taken into account. Up to this point, there has been a noticeable absence of comprehensive analyses that shed 
light on the limitations of repurposing drugs. The primary aim of this review is to conduct a thorough illustration 
of the various challenges that arise when contemplating drug repurposing from a clinical perspective in three 
major fields—cardiovascular, cancer, and diabetes—and to further underscore the potential risks associated with 
the emergence of antimicrobial resistance (AMR) when employing repurposed antibiotics for the treatment of 
noninfectious and infectious diseases. The process of developing repurposed medications necessitates the appli-
cation of creativity and innovation in designing the development program, as the body of evidence may differ 
for each specific case. In order to effectively repurpose drugs, it is crucial to consider the clinical implications and 
potential drawbacks that may arise during this process. By comprehensively analyzing these challenges, we can 
attain a deeper comprehension of the intricacies involved in drug repurposing, which will ultimately lead to the 
development of more efficacious and safe therapeutic approaches.
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the unintentional off-target effects of extant medications 
(2). This novel approach includes the use of pharmaceuticals 
that have previously been approved, drugs that have been 
declared ineffective in clinical trials, and drugs that have 
been removed from the market for a variety of reasons (3). 
By venturing into the realm of drug repurposing, researchers 
can unlock a vast reservoir of therapeutic potential that has 
hitherto remained untapped.

However, the question posed by several readers, 
researchers, and patients is as follows: “Have any drugs that 
have been repurposed actually received approval for their 
new indications?” At first, one may find oneself engaged in 
confident mental processes, but with an impassive counte-
nance, while seeking to recall enough examples to confirm 
the current reaction. Still, a memorable case, such as tha-
lidomide, will spring to mind (4). The drug, infamously rec-
ognized in its devastating original form as a sedative and 
curative for morning sickness, returned to the medical world 
for the treatment of leprosy and, subsequently, multiple 

Introduction

Drug repurposing, otherwise referred to as drug repo-
sitioning, is a tactical attempt encompassing the identifica-
tion of novel therapeutic applications for already existing 
pharmaceuticals. It presents itself as a highly advantageous 
strategy due to its cost-effective nature and ability to save 
time in the drug discovery process, all while mitigating the 
risks of failure as opposed to customary approaches (1). Drug 
repurposing is an extremely advantageous technique in the 
field of pharmaceutical research because it capitalizes on 
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myeloma (5). It is worth noting that the discovery of tha-
lidomide’s efficacy in treating leprosy, specifically erythema 
nodosum leprosum, was a serendipitous occurrence (6). The 
story behind this accidental discovery is recounted in the 
book Dark Remedy. In this tale, a physician administered  
the only sedative available in the hospital’s pharmacy, which 
had not been previously attempted, to a suffering leprosy 
patient. Astonishingly, the drug had a dramatic and unex-
pected effect on the patient’s condition (7). This is a perfect 
example of repurposing a medicine that was authorized and 
then abandoned (and the method in which it was abandoned) 
to treat a completely other ailment (8). Another example of 
drug repurposing that is widely recognized is sildenafil, which 
is also commonly known as Viagra. Initially, this medication 
was prescribed for the treatment of arterial narrowness, 
hypertension, and heart disease in both humans and animals. 
However, it was fortuitously discovered that sildenafil has 
beneficial effects on erectile tissue dysfunction in male geni-
tal organs (9). Following its approval by the US Food and Drug 
Administration (FDA) in 1998, sildenafil has brought about 
a significant transformation in the management of erectile 
dysfunction (ED) and has contributed to a deeper compre-
hension of the underlying scientific principles behind ED and 
its impact on men’s overall well-being (10). In addition to its 
application in treating ED, sildenafil has also demonstrated 
efficacy in addressing pulmonary arterial hypertension (PAH) 
(11). Early investigations and clinical trials have explored the 
potential favorable impacts of sildenafil on various organs, 
including the heart, liver, kidney, brain, and intestines (12). 
Nevertheless, further research is necessary in order to fully 
comprehend the effects of sildenafil on different diseases 
and organs (13). Despite the numerous obstacles and unsuc-
cessful attempts that we have elaborated on in the preceding 
sections, there have been instances of drug repurposing that 
have achieved success. Notable examples include the utili-
zation of zidovudine (azidothymidine, AZT) as a therapeutic 
agent against human immunodeficiency virus (HIV) (14) and 
the repurposing of tocilizumab for the treatment of COVID-
19 (15). The practice of repurposing drugs has demonstrated 
its effectiveness in the development of therapeutic strategies 
for various diseases and holds promise in addressing rare 
and difficult conditions (3). This approach entails a combina-
tion of experimental and computational methods, leveraging 
existing safety data and redirecting the application of drugs 
based on validated target molecules (16). The utilization of 
Application Programming Interfaces (APIs) in drug repur-
posing is increasingly being acknowledged as a promising 
technique for expediting the process of drug discovery and 
development (17). Integrative approaches that extract data 
from multiple sources through APIs offer the advantages of 
adaptability, reusability, and transparency (18). One particu-
lar study outlined a strategy for ligand-based in silico drug 
repurposing utilizing the analytical platform KNIME, which 
entailed targeted data retrieval, data curation, and sub-
structure searches in DrugBank and other databases (19). 
Another study developed a fully automated and parameter-
free virtual screening server called DrugRep, which con-
ducted molecular structure construction, docking, similarity 
comparison, and binding affinity screening in a completely 

autonomous manner (20). These computational tools furnish 
researchers with user-friendly interfaces and interactive pre-
dictions, thereby enhancing the accessibility and efficiency of 
drug repurposing (21). Through the optimization of the ther-
apeutic potential of already existing drugs, drug repurposing 
enhances the likelihood of attaining successful outcomes 
and offers a means to promptly identify effective treatments 
(22). Thinking deeply, we can conclude that the development 
of repurposed medications necessitates the application of 
creativity and innovation in designing the development pro-
gram, as the body of evidence differs for each individual case 
not depending on the chance (23).

Several research studies have focused their attention on 
investigating and understanding the potential advantages 
and positive outcomes associated with the practice of drug 
repurposing. However, it is worth noting that, up until now, 
there has been a lack of comprehensive reviews that shed 
light on the potential drawbacks and negative aspects of 
drug repurposing. Therefore, the main aim of this particu-
lar review is to provide an in-depth analysis and exploration 
of the various challenges that arise when considering drug 
repurposing from a clinical perspective in the fields of car-
diovascular disease, cancer, and diabetes. Additionally, the 
primary objective of this analysis is to underscore the height-
ened risk associated with the development of AMR that 
arises from the utilization of antibiotics for purposes other 
than their original intended use, whether it be for treating 
various infectious diseases or noninfectious conditions that 
deviate from their initial approved indications.

Drug repurposing challenges in clinical view

The process of drug repurposing has a number of draw-
backs. One key barrier is the pharmaceutical industry’s 
restricted focus on diseases that provide more financial 
rewards, lowering the amount of repurposing chances 
for orphan diseases and neglected tropical disorders (24). 
Furthermore, there are legal concerns surrounding repur-
posed medications, including restricted patent coverage and 
obstacles encountered during the execution of clinical trials, 
both of which decrease the likelihood of success (25). It is 
imperative to address additional challenges that require 
attention, such as the generation of false-positive signals dur-
ing data mining and the vulnerability of hypothesis validation 
to bias and confounding (26). Moreover, the absence of clear 
regulatory guidance poses yet another hindrance in the field 
of drug repurposing (27). Despite the inherent advantages of 
this technique, such as cheaper costs and faster time frames, 
it is crucial to recognize substantial failures found during clini-
cal trials, when the repurposed medicine may fail to exhibit a 
good balance of benefits and risks (28). Consequently, a com-
prehensive analysis of these challenges and limitations must 
precede the pursuit of drug repurposing strategies.

Challenges in cardiovascular endeavor

The clinical perspective on drug repurposing has faced 
numerous challenges and trials that have not been success-
ful. Despite the potential benefits of repurposing current 
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drugs for unique applications, there are specific limitations 
that hinder success in this endeavor. These limitations encom-
pass a lack of resources, difficulties with accessing data, and 
concerns regarding personnel, all of which can impede the 
process of drug profiling (29). Within the realm of cardiovas-
cular disease, repurposing anti-inflammatory medicines has 
proven to be challenging due to unforeseen consequences 
and the necessity for prolonged therapy (30). In a study con-
ducted by Ridker et al (31), it was found that the repurposing 
of the therapeutic agent canakinumab possesses the capac-
ity to induce unfavorable outcomes, which encompasses the 
occurrence of neutropenia as well as an elevated susceptibil-
ity to mortality specifically attributed to infection or sepsis, as 
illustrated in Figure 1.

Another instance exemplified in Figure 1 arises when 
etanercept is employed as a repurposed therapeutic agent 
for the management of cardiovascular ailments. The clinical 
trials were terminated prematurely due to the conspicuous 
absence of any discernible benefit (32). In the same domain, 
another agent, colchicine, which had been repurposed, was 
subjected to different clinical trials as illustrated in Figure 2. 
These trials brought to light a noteworthy escalation in 
adverse gastrointestinal symptoms and an increased vulnera-
bility to pneumonia (33,34). Moreover, it is important to note 

that there was no significant discrepancy observed in major 
adverse cardiovascular events (MACEs) between the group 
administered with colchicine and the group administered 
with a placebo (35). However, it is worth mentioning that the 
incidence of total mortality exhibited an augmentation in the 
colchicine group, primarily due to sepsis (35). Additionally, in 
a study conducted by Mewton et al (36), it was observed that 
there was no substantial reduction in the size of the infarct at 
the conclusion of a 5-day period (36). Within the same clini-
cal trial, there was no significant decrease in MACE during 
the 3-month follow-up period. Furthermore, no disparity was 
discovered in the levels of inflammatory markers, including 
white blood cell count and C-reactive protein (CRP), within 
the initial 48 hours.

On the other hand, etanercept is a pharmaceutical agent 
employed for the purpose of managing and addressing auto-
immune disorders, such as plaque psoriasis, rheumatoid 

FIGURE 1 - Examples on drug repurposed in cardiovascular endea-
vor. Canakinumab (ACZ885, Ilaris), a monoclonal antibody targeting 
human anti-interleukin-1β, has been developed by Novartis (37). In 
June 2009, the US Food and Drug Administration granted appro-
val for its use in the treatment of familial cold autoinflammatory 
syndrome and Muckle-wells syndrome, both of which pertain to 
cryopyrin-associated periodic syndromes, a group of inflammato-
ry diseases. However, the attempt by Novartis to repurpose this 
drug, which has been approved for rare inflammatory diseases, 
for a cohort of heart attack survivors has been rejected by the US 
Food and Drug Administration, as announced by the Swiss pharma-
ceutical company (38). It is worth noting that although the scienti-
fic community highly praised the results obtained from Novartis’ 
Cantos study, some cardiovascular experts were less enthusiastic. 
These experts concluded that the benefits of this medication were 
not significant enough to warrant expanding its approved use to 
include routine treatment of cardiac patients. A noteworthy exam-
ple supporting the viewpoint of these cardiovascular experts is the 
study conducted by Ridker et al (31), which demonstrated that the 
repurposing of this therapeutic agent yielded various adverse ef-
fects, as depicted in this figure.

FIGURE 2 - Challenges in clinical trials using colchicine. In the year 
2009, the US FDA granted approval for the use of colchicine in the 
treatment of familial Mediterranean fever (FMF) and the prevention 
and management of gout attacks (41). Detailed investigations into 
the mechanisms of action have revealed that colchicine exhibits its 
effects by binding to microtubules, thereby exerting an influence 
on numerous cellular processes (42). Additionally, colchicine has 
been found to impede the expression of various inflammatory 
cytokines (43). The concept that chronic inflammation contributes 
to the development of cardiovascular diseases, such as coronary 
artery disease (CAD), is currently gaining considerable scientific 
attention (44). The distinctive anti-inflammatory mechanism of 
colchicine has consequently prompted further investigations in 
the domain of cardiovascular medicine (45). At present, the utili-
zation of colchicine in cardiovascular therapy remains quite limited  
(46,47). This constraint may be attributed to the adverse effects 
observed in clinical trials focused on cardiovascular conditions. 
These adverse effects, as depicted in the figure, encompass ga-
strointestinal disorders (33), pneumonia (34), and sepsis, which 
may ultimately lead to an increased incidence of overall mortality 
(35). Furthermore, individuals treated with this medication did not 
exhibit any notable differences in terms of infarct size or levels of 
inflammatory markers, including white blood cell count and C-reac-
tive protein, within the initial 48-hour period. Moreover, a signifi-
cant decrease in the occurrence of MACE was not observed during 
the 3-month follow-up period (36).
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arthritis, psoriatic arthritis, juvenile idiopathic arthritis, and 
ankylosing spondylitis. It belongs to the class of biologic 
fusion proteins categorized as tumor necrosis factor (TNF) 
blockers (39). Although the approval of systemic etanercept 
for adults occurred in 2004, the FDA declined to approve its 
use in children with psoriasis in 2018 (40). However, the FDA 
later revised their risk-benefit assessment in light of a bet-
ter understanding of the disease burden, the unmet medi-
cal needs, and the impact of off-label use in children with 
psoriasis. Consequently, in 2016, this led to the approval of 
etanercept as the first systemic biologic product for the treat-
ment of moderate to severe psoriasis in children aged 4-17. 
Despite these findings, some researchers have attempted 
to repurpose this drug for the treatment of cardiovascular 
diseases. An example of such an attempt is seen in a clinical 
trial, depicted in the accompanying figure, which was termi-
nated due to the absence of any significant advantages (32).

Another drug repurposed for cardiovascular diseases 
that faces challenges during clinical trials is methotrexate. 
As indicated by the study conducted by Moreira et al (48), 
methotrexate demonstrates no disparity in the duration of 
a 6-minute walk before and after treatment. It also exhibits 
no impact on the levels of CRP, nor does it affect the inci-
dence of MACE when compared to a placebo. Moreover, the 
same author’s additional study (49) reveals that methotrex-
ate has no effect on the release of creatine kinase during the 
initial 72 hours, no discrepancy in CRP levels, a significantly 
poorer left ventricular ejection fraction (LVEF) in the metho-
trexate group at 3 months, and no impact on the incidence 
of MACE. Conversely, in Ridker et al’s (50) study, the trial was 
terminated prematurely due to the absence of any benefits. 
No difference was observed in the incidence of MACE or in 
the levels of inflammatory markers (white blood cell count, 
CRP, interleukin-1β, interleukin-6) at 8 months. However, an 
increased occurrence of leukopenia and non-basal cell skin 
cancer was noted.

The final example in the realm of cardiovascular medi-
cine is the drug known as cyclosporine. Since its introduc-
tion into clinical practice in the late 1970s (51), the discovery 
and utilization of cyclosporine has had a significant impact 
on the advancement of transplant medicine (52,53). While 
it has shown improvements in the rates of acute rejection 
and early graft survival, the evidence regarding long-term 
survival of renal allografts is less convincing (54). The identi-
fication of acute reversible nephrotoxicity and nephrotoxicity 
in nonrenal transplants has subsequently led to the widely 
accepted notion that there is also a chronic and more irre-
versible component to this drug (55). Consequently, there 
has been a strong interest in developing protocols that aim to 
minimize or even eliminate the use of calcineurin inhibitors 
altogether (56). Despite these considerations, cyclosporine 
has been repurposed for various other diseases, including 
cardiovascular diseases (57,58). In two separate trials involv-
ing patients with ST-segment elevation myocardial infarction 
(STEMI), cyclosporine failed to demonstrate any beneficial 
effects on ST-segment resolution, left ventricular remodeling, 
or the incidence of cardiovascular events during the respec-
tive trial periods of 6 months and 1 year (57,58). Moreover, 
the use of cyclosporine in cardiovascular medicine has been 

associated with certain side effects such as hypertension, 
hyperlipidemia, and diabetes mellitus (59). These side effects 
may contribute to the high cardiovascular morbidity in renal 
transplant patients and the development of chronic trans-
plant nephropathy (60). In conclusion, while cyclosporine has 
revolutionized transplant medicine, its use in cardiovascular 
medicine comes with potential side effects that must be care-
fully monitored and managed to ensure patient safety and 
optimal outcomes (61).

Challenges in cancer endeavor

In the field of hematological malignancies, despite the 
introduction of drug repurposing, which presents new possi-
bilities for innovative treatments, achieving complete remis-
sion remains an arduous task (62). Clinical trials that explore 
the repurposing of drugs in oncology have exhibited vary-
ing levels of success, with certain limitations such as limited 
sample sizes and participant heterogeneity (63). An illustra-
tion of repurposing challenges in multiple clinical trials has 
come to light. One such instance involves the repurposing of 
bortezomib to target hematological malignancies. However, 
this drug proved to be ineffective as a stand-alone treatment 
for other malignancies, including acute myelogenous leuke-
mia (AML) (62). Another example that showcases the act of 
appropriating preexisting resources for alternative purposes 
pertains to the potential drawbacks that arise when repur-
posing the chemical compound valproic acid (VPA) for vari-
ous medical applications. These disadvantages, such as its 
lack of improvement in clinical outcomes for patients with 
myelodysplastic syndrome (MDS) or elderly patients with 
AML in a randomized phase II study of low-dose decitabine 
with VPA, have been observed (64). Additionally, another 
study found that VPA did not have an impact on the objec-
tive response rate or overall survival (65). Furthermore, a 
randomized phase III study examining the safety and effi-
cacy of combining VPA and all-trans retinoic acid (ATRA) with 
induction therapy (idarubicin and cytarabine) for the treat-
ment of elderly AML patients was terminated prematurely 
due to the absence of clinical improvement in the VPA group 
compared to standard treatment (66). This lack of improve-
ment was further compounded by hematologic toxicity and 
higher mortality rates associated with VPA (67). All of these 
clinical studies shed light on the limitations and challenges 
inherent in using VPA in contexts other than its original inten-
tion. However, there is promising potential for computational 
drug repurposing to forecast the effectiveness of repurposed 
medications in phase III clinical trials, thereby streamlining 
the process (68).

Challenges in diabetes endeavor

Drug repurposing trials in the field of diabetes have 
encountered numerous hurdles and instances of failure. A 
particular study examined the inability of prominent phar-
maceutical companies to develop novel treatments for type 
2 diabetes (T2D) despite significant investments in traditional 
drug development pipelines (69). Another scholarly article 
highlighted the challenges faced by potentially effective 
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medications during the advanced stages of clinical trials for 
diabetes management (70). Researchers in the same field 
are presently attempting to repurpose antidiabetic medica-
tions with the aim of addressing dementia, characterized by 
the prevalence of insulin sensitizers and insulin substrates. 
Despite the initial appearance of promise and the potential 
for success, none of the clinical trials conducted thus far have 
achieved the desired outcome of mitigating the cognitive 
deterioration associated with late-onset dementia (71).

In recent years, there has been a significant focus on the 
repurposing of antidiabetic drugs for the purpose of weight 
control, alongside the use of other medications. The use of 
antidiabetic drugs, such as metformin, glyburide, and SGLT-2 
inhibitors, has shown promising results in terms of promoting 
weight loss, which has garnered considerable attention (72). 
Additionally, disulfiram, a medication commonly prescribed 
for chronic alcoholism, has demonstrated a significant capa-
bility to counteract obesity in rats (73). Although the specific 
mechanisms by which these drugs facilitate weight loss are 
still being investigated, their potential as treatments for obe-
sity should not be underestimated. It is important to note 
that despite the positive effects of these repurposed drugs 
for obesity, there is also a focus on the repurposing of anti-
diabetic drugs such as semaglutide and tirzepatide, which 
were initially developed to address the challenges associated 
with T2D (74). These drugs can be traced back to a peptide 
that was discovered in the venom of the Gila monster and 
have the ability to mimic the actions of a naturally occur-
ring hormone that is released after food consumption. As a 
result, they have shown promising results in terms of induc-
ing weight loss. However, it is essential to acknowledge that 

these drugs do come with their fair share of adverse effects, 
particularly in the gastrointestinal realm. Potential side 
effects such as nausea, vomiting, diarrhea, and constipation 
have been reported with their use. Therefore, it is crucial to 
strike a careful balance between the beneficial effects and 
the potential adverse effects when considering the use of 
these drugs for the treatment of obesity.

Potential risk of repurposed antibiotics

One of the foremost concerns that need careful study is 
the repurposing of antibiotics for noninfectious disorders, 
some antibiotics of which are listed in Table 1. In this context, 
it is crucial to assess both the efficacy of these repurposed 
drugs and their potential to exacerbate the problem of multi-
drug resistance (75). In a study conducted by Wang et al (76), 
it was shown that some non-antibiotic medications, when 
present at levels that are both clinically and ecologically rele-
vant, had a notable impact on the dissemination of antibiotic 
resistance. This effect was shown through the absorption of 
exogenous antibiotic resistance genes (ARGs) (77,78), due to 
the fact that the administration of non-antibiotic substances 
has the potential to increase the likelihood of the develop-
ment of multidrug resistance at the clinical level (79). It is 
plausible to suggest that the utilization of repurposed drugs 
could exacerbate this issue even further. Therefore, the 
present work strives to clarify this threat in the subsequent 
section. The phenomenon of antibiotic resistance has been 
steadily increasing over the past few decades, with no new 
categories of antibiotics or viable alternatives receiving clini-
cal approval within the last three decades (75,80).

TABLE 1 - Some repurposed antibiotics and microbes that developed resistance to these antibiotics

Antibiotic Repurposed for Microbes resistant to this antibiotic

1 Levofloxacin - Lung cancer
- Alzheimer’s disease
- Anti-amyloidogenic

- Cutibacterium avidum (82)
- Stenotrophomonas maltophilia (83,84)
- Haemophillus, Streptococcus, Corynebacterium, Staphylococcus, and Bordetella (85)

- Helicobacter pylori (86)
- Acinetobacter baumannii (87)
- Acinetobacter spp. and Escherichia coli (88)

2 Benzylpenicillin Alzheimer’s disease - All of the strains of nonfermenting gram-negative bacteria (NGNB) exhibited resistance 
to benzylpenicillin. Pseudomonas cepacia and P. stutzeri were identified as the species 
displaying the highest levels of resistance (89).
.
- Pseudomonas aeruginosa (90)
- Indole-positive Proteus strains are uniformly resistant to benzylpenicillin (91).

3 Doxycycline Treatment of malaria -  A range of anaerobic bacteria, such as Bac teroides fragilis, exhibit resistance to attainable 
blood levels of doxycycline (92).

-  In the oral cavity, the prevailing type of antibiotic-resistant bacteria discovered were 
gram-positive cocci (93).

-  All isolated gram-negative strains, such as E. coli, E. fergusonii, and Proteus mirabilis, 
exhibited resistance to doxycycline (94).

4 Azithromycin - COVID-19 pandemic
- Treatment of malaria

25 different strains of Legionella pneumophila exhibited resistance to the antimicrobial 
drug azithromycin.
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doxycycline is an antibiotic that has been repurposed for the 
treatment of malaria (Tab. 1). While there is no documented 
evidence of increased AMR due to the use of doxycycline for 
malaria prophylaxis, reports have indicated the development 
of doxycycline resistance and coresistance to other antibiot-
ics when used to treat other diseases. A study revealed that 
doxycycline-induced stress led to the emergence of coresis-
tance to colistin, which is considered a last-resort antibiotic for 
extensively drug-resistant bacteria (108). This study shed light 
on a potential mechanism of doxycycline-selected resistance 
and coresistance in Vibrio cholerae, emphasizing the need for 
stringent regulations regarding the indiscriminate use of anti-
biotics. Another aspect to consider is the unrestricted sale of 
these antibiotics without prescription, particularly in develop-
ing countries such as India, which is one of the largest consum-
ers of antibiotics (109). Consequently, the controlled usage of 
these repurposed antibiotics may be compromised. Prolonged 
use of repurposed antibiotics could exert selective pressure, 
resulting in the survival of multidrug-resistant and extremely 
drug-resistant bacteria. In the absence of a competitive envi-
ronment, these drug-resistant strains may thrive more suc-
cessfully, leading to the elimination of phenotypically sensitive 
strains, as illustrated in Figure 3 (110).

During the COVID-19 pandemic, health professionals 
turned to the administration of azithromycin alone or in 
combination with drugs like hydroxychloroquine. This repur-
posing of an antibiotic without any evidence of its antiviral 

There is an ongoing endeavor to discover novel drugs or 
alternative approaches to combat bacterial infections, but 
unfortunately, the rate at which bacterial resistance develops 
surpasses the pace of these endeavors (81).

While the notion of repurposing drugs may appear ratio-
nal and a scientific approach to addressing previously incur-
able ailments such as Alzheimer’s, cancer, and Parkinson’s, the 
repurposing of antibiotic medications has generated concerns 
regarding their use in treating such diseases, particularly in 
light of the widespread prevalence of AMR that has wreaked 
havoc in our contemporary era. AMR is well-known for its dev-
astating impact, with over 700,000 deaths occurring globally 
as a result, and projections indicating that this number could 
escalate to approximately 10 million people worldwide by the 
year 2050 (95). A number of research studies have delved 
into the utilization of antibiotics for the treatment of condi-
tions other than bacterial infections, attempting to repurpose 
these medications (96-98). However, these studies have failed 
to adequately acknowledge the grave peril associated with 
employing antibiotics for repurposing, namely the progres-
sion of AMR (as depicted in Fig. 1).

The antibiotic levofloxacin has recently been proposed as a 
potential repurposed medication for Alzheimer’s disease (AD) 
(98). However, several other studies examining the effects of 
this antibiotic on Alzheimer’s patients have been disregarded. 
One of these studies involves a case report that observed an 
increase in seizures in an AD patient who was administered a 
dose of 500 mg/day of levofloxacin (99). Additionally, research 
on the gut microbiome of Alzheimer’s patients has indicated 
that Helicobacter pylori infection may serve as a trigger for 
the release of inflammatory mediators in AD patients (104). 
It is worth noting that H. pylori is known for its resistance to 
levofloxacin (Tab. 1) (105). The primary concern with repur-
posed antibiotics lies in their dosage, duration of use, and 
their impact on AMR. Antibiotics are typically administered 
at doses significantly higher than non-antibiotic drugs (27). 
In fact, a concentration of 400 mg of minocycline was found 
to be ineffective in delaying the progression of cognitive or 
functional impairment in patients with mild AD over a 2-year 
period (106). Despite their potential as candidates in labora-
tory settings, the efficacy of these antibiotics in vivo is not guar-
anteed. Moreover, long-term exposure to antibiotics, whether 
at clinical or sub-stoichiometric doses, can lead to the develop-
ment of drug resistance among gut microbes. Chronic admin-
istration of these antibiotics is necessary for the treatment or 
management of AD. Consequently, the chronic use of antibiot-
ics at clinical doses may result in antibiotic resistance, making 
it challenging to treat common infections. Furthermore, pro-
longed antibiotic use may increase a patient’s susceptibility 
to infections. If any antibiotics demonstrate potential as anti-
Alzheimer’s agents in either laboratory or clinical studies, it is 
imperative to assess their long-term consequences.

There has been a lack of comprehensive research aimed at 
comprehending the prolonged implications of utilizing repur-
posed antibiotics to enhance AMR. However, existing data have 
demonstrated a direct correlation between the consumption of 
antibiotics and the emergence of AMR (107). Consequently, an 
escalation of multidrug resistance may occur as the consump-
tion of these repurposed antibiotics increases. For example, 

FIGURE 3 - Progression of antimicrobial resistance. Antimicrobial 
resistance may arise as a consequence of the improper utilization 
of antibiotics or their employment for indications other than the 
treatment of bacterial infections (100). This resistance can mani-
fest through the transmission of genes associated with antimicro-
bial resistance when bacteria are subjected to prolonged exposure 
to low levels of antibiotics (101). Such a situation can result in the 
emergence of bacteria that are resistant to multiple drugs, there-
by impeding the effective management of bacterial infections and 
presenting a significant public health challenge (102). To effecti-
vely address antimicrobial resistance, it is imperative to advocate 
for the responsible and prudent utilization of antibiotics, ensuring 
their administration solely when warranted and in accordance with 
appropriate dosages and durations (103). This diagram elucidates 
the manner in which the inappropriate employment of antibiotics, 
whether in terms of sublethal dosages or durations, leads to the 
dissemination of resistance genes within bacterial populations, 
consequently giving rise to an entirely resistant population.
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properties became a highly controversial practice. However, 
its utilization continued to increase with the successive 
waves of COVID-19. The future implications of such unreg-
ulated and unscientific use of antibiotics remain uncertain. 
The consequences of this practice on AMR will further exac-
erbate the situation (111). In addition to the repurposing 
of azithromycin in the context of the COVID-19 pandemic, 
numerous studies have revealed its antimalarial proper-
ties. The eradication of Plasmodium falciparum parasites 
is accomplished through two distinct mechanisms: delayed 
death by means of inhibiting the apicoplast ribosomes and 
rapid elimination throughout the blood stage development 
(112). A trial carried out in Burkina Faso discovered that a 
solitary oral dose of azithromycin did not result in a reduc-
tion in malaria positivity; however, it did alleviate caregiver-
reported fever as an adverse event (113). Furthermore, an 
additional study determined that the supplementation of 
azithromycin to seasonal malaria chemoprevention did not 
yield improved nutritional outcomes among children (114). 
Furthermore, novel derivatives of azithromycin that exhibit 
swift action have been developed, manifesting exceptional 
antimalarial activity in both in vitro and in vivo settings, while 
employing a distinct mode of action compared to the more 
gradual acting azithromycin (115). Although azithromycin has 
indeed exhibited potential as an antimalarial agent, further 
investigation is necessary to optimize its efficacy and com-
prehend its mechanisms of action. Considering the positive 
correlation between extensive antibiotic usage and the wors-
ening of the antibiotic resistance crisis in the present era, it is 
imperative to enhance AMR stewardship at an international 
level in order to mitigate the impact of antibiotic use on the 
menace of antibiotic resistance. Particular emphasis should 
be placed on comprehending the ramifications of antibiotic 
repurposing.

There is a profound necessity to explore alternatives to 
antibiotics in the context of repurposing, especially those 
that have already demonstrated resistance. The successful 
repurposing of non-antibiotic drugs for cancer treatment has 
been documented (116,117) and a similar approach can be 
adopted for other diseases as well. While the repurposed 
antibiotics may circumvent clinical trials, the absence of sub-
stantial studies addressing the grave issue of AMR may prove 
to be catastrophic for the already advancing AMR against 
most antibiotics. The role of AMR in exacerbating challenges 
in the management of nosocomial infections and the result-
ing mortality due to multidrug resistance should not be 
underestimated, particularly in an era where the efficacy of 
most antibiotics is waning and treatment regimens rely on 
last-resort antibiotics (118). It is imperative to find a solu-
tion that does not further burden the existing load of AMR. 
Therefore, we propose that clinicians and researchers raise 
awareness about the rampant problem of AMR and its con-
sequences, while discouraging the use of antibiotics in drug 
repurposing.

After considering the knowledge mentioned above, one 
could potentially inquire whether the practice of repurposing 
antibiotics to address noninfectious ailments could poten-
tially elevate the likelihood of AMR. Furthermore, one may 
also wonder about the implications of reusing antibiotics that 

were originally approved for the treatment of one specific 
infection in the context of treating a different infection.

In previous times, newer antibiotics were consistently 
being surpassed by more recent ones, which were devised 
to circumvent the most recent resistance mechanism dis-
covered in clinical isolates. Nevertheless, numerous compa-
nies have abandoned initiatives aimed at developing novel 
anti-infectives due to the time and expense associated with 
clinical trials. The insufficient availability of new drugs has 
provided a compelling impetus to repurpose older antibiotics 
for treating multidrug-resistant strains or to combine them 
with agents capable of targeting multiple distinct pathways 
within the pathogen or activating the resistance pathways 
of host cells. This approach is anticipated to result in height-
ened effectiveness and reduce the likelihood of resistance 
emergence (119).

Reverting to previous antibiotics can, under certain cir-
cumstances, overcome antibiotic resistance. For instance, 
strains of tuberculosis that are resistant to the drug combina-
tions currently in use can be found in all regions of the world. 
One effective tuberculosis medication, known as isoniazid, 
hinders the enzyme InhA, thereby obstructing the synthesis 
of the mycolic acids that constitute the cell wall of the myco-
bacterium. The resistance to isoniazid, which is a prodrug, 
largely arises from mutations in the bacterial enzymes that 
are necessary for its activation. Recently, it has been discov-
ered that an older antibiotic derived from natural sources, 
called pyridomycin and first identified in the 1950s, directly 
inhibits InhA. Consequently, it can be employed to treat 
infections caused by drug-resistant strains of tuberculosis 
that survive due to their inability to activate isoniazid (120). 
The comprehension of this mechanism of action may also 
promote the utilization of pyridomycin in conjunction with 
other medications (121). However, there are several difficul-
ties in repurposing drugs for infectious diseases, and the sub-
sequent sections will outline some of the primary challenges 
that arise in this domain.

The complexity of microorganisms and the limited  
understanding of the complicated interactions  
between pathogens and their hosts

Identifying appropriate therapeutic targets for anti-infec-
tive medications is a challenging endeavor due to the com-
plex nature of infection processes and the intricate interplay 
between hosts and pathogens (122). Pathogens, encom-
passing viruses, bacteria, protozoa, and nematodes, acquire 
significant genetic diversity through mutation and recombi-
nation, resulting in the emergence of drug-resistant mutants 
(123). Consequently, the development of drugs that can 
effectively target all viral variations becomes arduous. Hence, 
it is imperative to consistently exert efforts to stay ahead of 
evolving resistance mechanisms (124). Furthermore, certain 
infections, including Neisseria spp. or Plasmodium spp., pos-
sess the capability to undergo antigenic variation, wherein 
they modify the surface proteins on their cells to evade 
detection and attack by the host organism’s immune sys-
tem. This ongoing process of adaptation poses challenges 
in identifying consistent therapeutic targets and potential 
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candidates for vaccination (125). Additionally, several patho-
gens like Trypanosoma cruzi, Mycobacterium tuberculosis, 
and herpes viruses can establish latent or chronic infections, 
wherein they remain inactive within host cells and success-
fully evade immune detection (126,127). Effectively manag-
ing such infections requires medications that can specifically 
target the pathogen during both its active and latent stages. 
Moreover, certain bacteria such as Pseudomonas aerugi-
nosa, Acinetobacter baumannii, and Staphylococcus aureus 
can form biofilms, which augment their resistance to drugs 
and impede drug accessibility, thereby making the eradica-
tion of infections more formidable (75,128).

Lack of efficient animal models

Developing animal models that accurately replicate 
human infections is essential for preclinical testing. However, 
creating suitable models for specific infectious diseases can 
pose challenges due to the intricate interactions between 
hosts and pathogens that are difficult to accurately simulate 
(129). The absence of appropriate predictive models can hin-
der the progress of drug development, as it becomes ardu-
ous to comprehend the disease mechanisms and evaluate 
the effectiveness of potential medications (130). An example 
is the complexity involved in modeling diseases like COVID-
19 that necessitates the consideration of various factors such 
as stochasticity, evolving transmission dynamics, and spatial 
configurations (131). 

A significant advancement in the field of antimalarial drug 
research and development was the establishment of a NOD-
SCID mouse model for P. falciparum infection, which proved 
valuable for testing drug efficacy (132). Moreover, the uti-
lization of organoid cultures derived from stem cells holds 
significant promise in providing valuable insights into infec-
tious diseases by effectively mimicking in vivo disease charac-
teristics and enhancing the comprehension of host-microbe 
interactions (133,134). In addition, the integration of sophis-
ticated mathematical models such as the SEIR model, incor-
porating multiple variables, can greatly assist in forecasting 
disease dissemination, particularly for infections character-
ized by prolonged incubation periods and asymptomatic car-
riers (135). The optimization of the modeling process through 
the formulation of well-defined research questions, imple-
mentation of quality assurance measures, and meticulous 
reporting practices can substantially elevate the relevance 
and comprehensibility of findings, thereby playing a pivotal 
role in improving decision-making processes related to dis-
ease management (136).

On the other hand, epidemiological models, such as 
agent-based simulation models and compartmental models, 
play a crucial role in understanding disease spread dynamics 
and evaluating intervention strategies (137-139). These mod-
els often involve making assumptions that may limit their 
scope, such as focusing on single-strain and single-vector 
scenarios, simplistic human behavior modeling, and ignor-
ing data quality evaluation (140). To improve the reliability of 
these models, it is essential to consider factors like informa-
tion quality, human behavior, multi-vector, and multi-strain 
scenarios, as they significantly impact the model outcomes 

without significantly increasing computational costs (141). 
Collaborative efforts between researchers and modelers are 
crucial to enhancing the accuracy of predictions and optimiz-
ing models for effective public health decision-making and 
for repurposing antibiotics.

Elevated likelihood of clinical failure

Clinical trials for anti-infective medications frequently 
encounter significant attrition rates as a result of inadequate 
effectiveness, apprehensions regarding safety, or difficul-
ties in the recruitment of patients (142). Additionally, the 
execution of clinical trials and the subsequent monitoring in 
resource-constrained environments, along with the absence 
of suitable surrogate endpoints for infectious diseases, col-
lectively contribute to the elevated levels of unsuccessful 
outcomes (143).

In conclusion, while there is potential in repurposing drugs 
to overcome antibiotic resistance in infectious diseases, sev-
eral difficulties arise in this domain. The complexity of micro-
organisms and the intricate interactions between pathogens 
and their hosts pose challenges in identifying suitable thera-
peutic targets. Pathogens’ ability to evolve, undergo antigenic 
variation, establish latent or chronic infections, and form bio-
films further complicate the development of effective medi-
cations. Addressing these challenges will require continued 
research and collaboration to develop novel strategies and 
therapies to combat drug-resistant infections.

Conclusion

Drug repurposing is a strategic initiative that involves the 
exploration and identification of fresh therapeutic applica-
tions for pharmaceuticals that already exist in the market. 
This approach has proven to be beneficial due to its cost-
effectiveness and ability to save time in the drug discovery 
process. However, it is important to consider various factors 
before fully embracing this strategy. One such factor is the 
fact that numerous repurposed drugs have failed to achieve 
their intended targets during clinical trials, leading to con-
cerns about the effectiveness of this approach. Additionally, 
there is a growing apprehension about the potential increase 
in the risk of multidrug resistance, which further emphasizes 
the need for caution when repurposing drugs.

The development of repurposed medications requires a 
high level of creativity and innovation in designing the devel-
opment program. This is because each case presents a unique 
set of circumstances and evidence that must be thoroughly 
evaluated. Therefore, it is crucial to approach each drug 
repurposing project with a comprehensive understanding 
of the ethical and pharmaceutical considerations involved. 
Furthermore, it is imperative that repurposed drugs undergo 
rigorous clinical trials before they can be approved for use. 
This ensures that the safety and efficacy of these drugs are 
thoroughly evaluated, and any potential risks and side effects 
are identified and mitigated. In conclusion, the process of 
selecting a repurposed drug should be guided by a range of 
ethical and pharmaceutical considerations. It is important 
to acknowledge the limitations and challenges associated 
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with drug repurposing, such as the potential failure to reach 
therapeutic targets and the risk of multidrug resistance. By 
prioritizing the application of creativity and innovation in the 
development program, as well as ensuring the completion of 
rigorous clinical trials, we can maximize the potential benefits 
of repurposed drugs while minimizing the associated risks.
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ABSTRACT
Introduction: It is unclear whether induced spike protein-specific antibodies due to infections with SARS-CoV-2 or 
to the prototypic Wuhan isolate-based vaccination can immune-react with the emerging variants of SARS-CoV-2.
Aim/objectives: The main objective of the study was to measure the immunoreactivity of induced antibodies 
postvaccination with Covishield™ (ChAdOx1 nCoV-19 coronavirus vaccines) or infections with SARS-CoV-2 by 
using selected peptides of the spike protein of wild type and variants of SARS-CoV-2.
Methodology: Thirty patients who had recovered from SARS-CoV-2 infections and 30 individuals vaccinated with 
both doses of Covishield™ were recruited for the study. Venous blood samples (5 mL) were collected at a single time 
point from patients within 3-4 weeks of recovery from SARS-CoV-2 infections or receiving both doses of Covishield™ 
vaccines. The serum levels of total immunoglobulin were measured in both study groups. A total of 12 peptides of 
10 to 24 amino acids length spanning to the receptor-binding domain (RBD) of wild type of SARS-CoV-2 and their 
variants were synthesized. The serum levels of immune-reactive antibodies were measured using these peptides.
Results: The serum levels of total antibodies were found to be significantly (p<0.001) higher in the vaccinated 
individuals as compared to COVID-19 recovered patients. Our study reported that the mutations in the RBD at the 
residues K417, E484, and N501 have been associated with reduced immunoreactivity with anti-sera of vaccinated 
people and COVID-19 recovered patients. 
Conclusion: The amino acid substitutions at the RBD of SARS-CoV-2 have been associated with a higher potential 
to escape the humoral immune response.
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world (3). Globally, the COVID-19 pandemic is still producing 
a significant amount of illness and mortality (4). According 
to current knowledge, mildly symptomatic people represent 
around 80% of all instances of COVID-19, which can range in 
severity from asymptomatic to deadly pneumonitis (5). The 
virus can cause a range of symptoms, from mild to severe, 
and can be transmitted through the respiratory tract (6). It 
has significant impacts on at-risk patients and the health-
care system, including high costs, loss of human resources, 
and psychological problems (7). COVID-19, caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
enters human cells by binding the receptor-binding domain 
(RBD) of its spike (S) protein to the angiotensin-converting 
enzyme 2 (ACE2) receptor (8,9). Antibodies directed against 
the S-protein have the potential to neutralize the virus effi-
ciently (10). Since the first case of SARS-CoV-2 in Wuhan, 

Introduction

The coronavirus disease 2019 (COVID-19) pandemic 
caused significant global impact and continues to be a threat 
despite the introduction of vaccines (1,2). The vaccines have 
been highly effective in preventing COVID-19 around the 
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China, over 774 million infections have been documented, 
leading to the emergence of seven major lineages with vari-
ous variants (11,12). Coronaviruses have a large RNA genome 
and mutations can arise naturally during replication, leading 
to evolutionary advantages such as increased infectivity or 
improved receptor binding (13). The Omicron variant of SARS-
CoV-2 has 30 non-synonymous amino acid mutations in the 
spike protein, which have been reported to enable immune 
evasion and reduce vaccine effectiveness (14). Variants of 
concern (VOCs), such as B.1.1.7, B.1.1.298, B.1.429, P.2, P.1, 
and B.1.351, have mutations that can increase transmissibil-
ity, virulence, or evade immune responses (15,16). These 
variants mainly have mutations in the spike protein, particu-
larly in the S1 and RBD regions, which are the main targets of 
neutralizing antibodies. 

Twelve vaccines have been approved for use in humans 
since the first reported case of SARS-CoV-2 in December 
2019, with high efficacy in preventing COVID-19 (17). 
However, the emergence of new variants has raised con-
cerns about the effectiveness of these vaccines, with some 
trials showing reduced efficacy against variant strains in 
certain countries (18). The emergence of VOCs with muta-
tions in the S-protein raises concerns about immune eva-
sion. Some VOCs, such as B.1.1.7 and B.1.351, have shown 
reduced susceptibility to neutralizing antibodies, but the 
immunoreactivity of induced antibodies after vaccination 
with individual’s mutations occurred in the RBD in VOCs is 
not well understood (15,19). The study focuses on under-
standing the humoral immune responses to SARS-CoV-2 in 
COVID-19 convalescent donors and vaccine recipients. This 
study investigated the levels of SARS-CoV-2 spike protein-
specific total antibodies in a cohort of individuals who have 
received both doses of Covishield™ vaccine (vaccinated 
group) and patients who have recovered from SARS-CoV-2 
infections (recovered group). The aim of the study was to 
compare the immunoreactivity of peptides of wild-type 
SARS-CoV-2 and peptides of mutated SARS-CoV-2 with anti-
sera of vaccinated people and COVID-19 recovered patients 
to understand the effectiveness of vaccination and potential 
immune evasion strategies.

Materials and methods

Sample size and study groups

A total of 60 individuals of age ≥18 years (30 patients 
recovered from COVID-19 infections, 30 received both 
doses of Covishield™ vaccine) were recruited in the pres-
ent study. COVID-19 recovered patients of both sexes who 
had not received any COVID-19 vaccines were recruited for 
the COVID-19 recovered group, while age-matched individu-
als without previous history of SARS-CoV-2 infections who 
have received both doses of Covishield™ were recruited for 
the vaccinated group. Patients on immunotherapy or having 
any kind of organ transplantations or immunocompromised 
patients (patients with human immunodeficiency virus [HIV] 
infection, autoimmunity, chronic kidney disease [CKD], and 
any other immunodeficiency diseases) were excluded from 
the study. This study was approved by the Institute Ethics 

Committee (IEC), All India Institute of Medical Sciences, 
Raipur, Chhattisgarh, India (1936/IEC-AIIMSRPR/2021). The 
completely filled up and signed written consent form was 
obtained from each participant before taking the blood sam-
ple for the study.

Disease severity

Patients who tested positive for SARS-CoV-2 infection by 
reverse transcriptase-polymerase chain reaction (RT-PCR) and 
got admitted to the Institute from October 2021 to December 
2022 were included in the study. COVID-19 recovered patients 
were divided into severe and mild groups: severe cases were 
defined as those requiring invasive mechanical ventilation or 
high-flow nasal oxygen, and mild cases as neither requiring 
oxygen nor in-patient hospital care.

Sample collection

A total of 5 mL whole blood sample was collected in a 
plain vial by venipuncture within 3 to 4 weeks of recovery 
from COVID-19 infections, while the same amount of blood 
sample was collected within 3 to 4 weeks postvaccination 
with both doses of Covishield™. The serum was collected to 
measure the levels of total antibodies and immunoreactivity 
of antibodies with selected peptides of spike protein of wild 
type and variants of SARS-CoV-2.

Serum isolation

The blood samples collected in the plain vial were kept for 
30 minutes for clotting. After that, it was centrifuged at 1,500 
rpm for 10 minutes at 4°C. The resulting supernatant called 
serum was separated into fresh Eppendorf tubes and stored 
at −80°C till further use.

Determination of serum levels of total antibodies

The serum levels of total antibodies (immunoglobulin, Ig) 
were measured in the collected serum samples of the vac-
cinated individuals and COVID-19 recovered patients. Human 
SARS-CoV-2 spike (trimer) Ig total enzyme-linked immuno-
sorbent assay (ELISA) kit (Invitrogen, ThermoFisher Scientific) 
was used for the estimation of total immunoglobulins as per 
recommended standard protocol. Ten healthy serum samples 
collected before 2019 were used as controls to investigate 
the specificity and sensitivity of ELISA kit.

Peptide synthesis and purification

A total of 12 peptides (six for the wild-type Wuhan 
isolates and six for the SARS-CoV-2 variants) of RBD of 
the spike protein were selected based on the available 
sequence of SARS-CoV-2 through UniPort software. These 
peptides were commercially synthesized and obtained to 
test the antibody responses. The peptides P1, P3, P5, P7, 
P9, and P11 matched with wild-type SARS-CoV-2 sequence, 
while peptides P2, P4, P6, P8, P10, and P12 matched with 
variants of SARS-CoV-2 (Tab. 1). The peptides P1 and P2 
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represent wild-type and mutated SARS-CoV-2, respectively. 
Both peptides P1 and P2 have same number of amino acids 
and same sequences of amino acids (411-424), but differ 
from each other at single amino acid residue at position 
417. Likewise, peptides P3 and P4 have same amino acid 
sequence and length (470-483), but differ from each other 
at two residues at positions 477 and 478 in wild-type and 
mutated SARS-CoV-2, respectively. The peptides P5 and P6 
show wild-type and mutated SARS-CoV-2, respectively, at 
residue 484. Both peptides have a single amino acid dif-
ference at residue 484. Similarly, peptides P7, P9, P11 of 
wild-type SARS-CoV-2 and peptides P8, P10, and P12 of 
SARS-CoV-2 variants have same length and sequence of 
amino acids, but differ from one another by one or more 
than one amino acid (Tab. 1). 

Direct binding assay

To check the immunoreactivity of peptides with SARS-
CoV-2 anti-sera and vaccine anti-sera, direct binding assay 
was performed using standard ELISA protocol. The ELISA 
plate was coated with individual peptides (200 ng/well) 
of spike protein. After blocking and washing SARS-CoV-2 
anti-sera and vaccine anti-sera were added at a dilution 
of 1:200 onto the ELISA plate and incubated at 37°C for 
2 hours. After washing, anti-human IgG antibody conju-
gated with horse radish peroxidase (HRP; 1:200 dilutions) 
was added and incubated for 1 hour at 37°C. Washing step 
was repeated after incubation and 100 μL/well substrate 
solution (TMB) was added. The color was developed within 
10-15 minutes. The color reaction was stopped by adding 
50 μL/well of 2N H2SO4. The plate was read at 450 nm in 
the ELISA reader.

Statistical analysis

Data visualization was performed via GraphPad Prism 
version 8.0 (GraphPad software, San Diego, CA, USA) and 
STATA 12 (STATA software, Chicago, USA) for Windows 10.0. 
Result was expressed as mean and standard deviation (SD) 
for normal distribution, or median and interquartile range 
for skewed distribution. For two-group analysis, we used the 
Mann-Whitney U-test for continuous variables. The level of 
significance (p-value) in the mean antibody titer was com-
pared and analyzed with the Student’s t-test. 

Results
Clinical and demographic details

The study analyzed 30 COVID-19 recovered subjects and 
30 individuals vaccinated with both doses of Covishield™. 
The clinical and demographic details are shown in Table 2. 
The median age of the COVID-19 recovered patients was 48.5 
years, with a range of 23 to 76 years, while the median age of 
vaccinated group was 45 years, with a range of 18 to 74 years. 
The distributions of patients based on their age <65 years and 
>65 years in both groups are shown in Table 2. Out of the par-
ticipants, 33.33% and 40% females were found in COVID-19 
recovered group and vaccinated group, respectively. Based on 
disease severity, COVID-19 recovered patients were divided 
into severe and mild groups. Out of the COVID-19 recovered 
patients 43.33% were severe and required intensive care unit 
(ICU) support in the hospital. The most prevalent comorbidi-
ties among the COVID-19 recovered patients were obesity 
(26.67%), diabetes (23.33%), and hypertension (6.67%), and 
some of the patients required intensive care and intubation 

TABLE 1 - List of the peptides of the RBD from wild type and SARS-CoV-2 variants

S. No Peptides Sequences of amino acids in 
the RBD of SARS-CoV-2

Sequence 
number

Mutating sites VOC/wild type

1 P1 APGQTGKIADYNYK 411-424 K417 Wild

2 P2 APGQTGNIADYNYK 411-424 417N Common site of mutation for Delta and Omicron

3 P3 TEIYQAGSTPCNGV 470-483 S477, T478 Wild

4 P4 TEIYQAGNKPCNGV 470-483 477N, 478K Common site of mutation for Delta and Omicron

5 P5 PCNGVEGFNCYFPL 479-492 E484 Wild

6 P6 PCNGVAGFNCYFPL 479-492 484A Common site of mutation for Delta and Omicron

7 P7 PLQSYGFQPTNGVG 491-504 N501 Wild

8 P8 PLQSYGFQPTYGVG 491-504  501Y Common site of mutation for Delta and Omicron

9 P9 WNSNNLDSKVSGNYN 436-450 N440, G446 Wild

10 P10 WNSNKLDSKVSGNYN 436-450 440K, 446S Omicron

11 P11 YFPLQSYGFQPTNGVGYQPYR 489-509 Q493, G496, Q498, 
N501, Y505

Wild

12 P12 YFPLRSYSFRPTYGVGHQPYR 489-509 493R, 496S, 498R, 
501Y, 505H

Omicron

RBD = receptor-binding domain; VOC = variants of concern.
The sites of amino acid variations in the peptide sequences are highlighted in bold.
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due to the severity of their condition. Obesity, hypertension, 
and diabetes were the most common comorbidities observed 
in the patients who required ICU support.

Serum levels of total antibodies in COVID-19 recovered  
patients and vaccinated individuals

The sensitivity and specificity of human SARS-CoV-2 
spike (trimer) Ig total ELISA kit (Invitrogen; ThermoFisher 
Scientific) were tested by the serum sample collected before 
2019 as a control. SARS-CoV-2 spike protein-specific total 
antibodies were measured 3-4 weeks after the recovery 
from SARS-CoV-2 infections and after receiving the second 
dose of Covishield™ vaccine. The median (IQR) serum lev-
els of SARS-CoV-2 spike-specific total antibodies were found 
to be 1275 U/mL (650-2000 U/mL) and 2100 U/mL (1300-
3000 U/mL) in COVID-19 recovered patients and vaccinated 
individuals, respectively. The serum levels of total antibod-
ies were found to be significantly (p<0.001) higher in the 
vaccinated individuals as compared to COVID-19 recovered 
patients (Fig. 1).

Immunoreactivity of peptides with anti-sera of vaccinated 
and COVID-19 recovered patients

The individual peptides (P1, P3, P5, P7, P9, and P11) of 
wild-type SARS-CoV-2 and peptides (P2, P4, P6, P8, P10, and 

P12) were coated in the high-binding microtiter plate to 
assess the immunoreactivity with anti-sera obtained from 
vaccinated people and COVID-19 recovered patients. The 
immunoreactivity of peptides with antibodies was observed 
by taking the optical density (OD) at 592 nm. The difference 
in the OD value with corresponding peptides of wild types 
and mutated peptides was reported. The significant (p<0.05) 
difference in the immunoreactivity of peptides of wild type 
(P1, P5, P7) with peptides (P2, P6, P8) of mutated SARS-CoV-2 
is reported in Figure 2. As compared to wild-type peptide 
sequence (P1), the mutated peptide sequence (P2) has single 
amino acid mutation in the RBD at position 417, which signifi-
cantly reduced the immunoreactivity with anti-sera of vac-
cinated people and COVID-19 recovered patients (Fig. 2A). 
Likewise, the peptide sequence (P6) has a single amino acid 
mutation at residue 484 in the RBD of SARS-CoV-2, which sig-
nificantly (p<0.05) reduced the immunoreactivity with anti-
sera of vaccinated people and COVID-19 recovered patients 
(Fig. 2B). Similar to the mutated peptide sequences P2 and 
P6 of SARS-CoV-2 variants, the peptide sequence (P8) has sin-
gle amino acid mutation in the RBD at the residue 501. This 
mutation also reduced the immunoreactivity with anti-sera 
of the vaccinated people and COVID-19 recovered patients 
(Fig. 2C). Finally, we have tested the immunoreactivity of 
peptide pools (P1, P5, and P7) of wild-type SARS-CoV-2 and 
peptide pools (P2, P6, and P8) of SARS-CoV-2 variants with 
the anti-sera of vaccinated people and COVID-19 recovered 
patients. Our finding showed a significant (p<0.05) reduction 
in immunoreactivity of anti-sera of vaccinated and COVID-19 
recovered patients with peptide pools of SARC-CoV-2 vari-
ants (Fig. 2D). The amino acid mutations in the RBD of SARS-
CoV-2 variants at residues 477, 478 for peptide sequence P4 
and at residues 400, 446 for peptide sequence P10 did not 
reduce the immunoreactivity with anti-sera of vaccinated 
people and COVID-19 recovered patients (Supplementary 
figure 1, a and b). However, the mutated peptide sequence 
(P12) of SARS-CoV-2 variants has five amino acid mutations 
at residues 493, 496, 498, 501, and 505, which reduced the 

TABLE 2 - Clinical and demographic details of COVID-19 recov-
ered patients and individuals who have received both doses of  
Covishield™

Characteristics COVID-19 
Recovered 

patients  
(n = 30)

Individuals 
vaccinated with 

both doses of 
Covishield™ (n = 30)

Age
 Median (IQR)
 <65 years (%)
 65+ years (%)

48.5 (23-76)
21(70)
9(30)

45(18-74)
18 (60)
12 (40)

Female (%) 10(33.33) 12 (40)

Severity
 Severe (%)
 Mild (%)

13(43.33)
17(66.67)

NA
NA

Hospitalized, no ICU (%)
Hospitalized, required ICU (%)
Died due to COVID-19 (%)

17 (66.67)
13(43.33)

0(0)

NA
NA
NA

Preexisting conditions 
 No underlying disease
 Hypertension
 Diabetes
 Obesity
 Hypothyroidism

11(36.67)
2(6.67)

7(23.33)
8(26.67)
2(6.67)

24 (80)
2 (6.67)
1 (3.33)
2 (6.67)

0

ICU = intensive care unit; IQR, interquartile range.

FIGURE 1 - Serum levels of SARS-CoV-2 spike protein-specific total 
immunoglobulins (Ig) within 3-4 weeks of recovery from SARS-CoV-2 
infections from the hospital (n = 30) and 3-4 weeks after receiving 
the second dose of Covishield™ vaccine.
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immunoreactivity with anti-sera of vaccinated people and 
COVID-19 recovered patients. But, it was found to be compa-
rable (p>0.05) (Supplementary figure 1c).

Finally, our study reported that the mutations in the RBD 
at the residues K417, E484, and N501 in SARS-CoV-2 vari-
ants have been associated with reduced immunoreactivity 
with anti-sera of vaccinated people and COVID-19 recov-
ered patients (Fig. 2). The amino acid substitutions at K417, 
E484, and N501 residues significantly reduced antibody bind-
ing with polyclonal serum antibodies obtained from people 
who have recovered from COVID-19 and also vaccinated 
with ChAdOx1 nCoV-19 vaccines. The findings indicate that 
vaccination may result in a decreased long-term antibody 
response to Beta and Omicron RBDs, highlighting the chal-
lenges in neutralizing these variants with the existing anti-
body response induced by vaccination.

Discussion

We analyzed the antibody response against SARS-CoV-2 
spike protein using blood samples collected at least 3-4 
weeks after recovery from nonvaccinated individuals who 
had recovered from COVID-19. The serum levels of total 
antibody were compared with individuals who had received 
both doses of Covishield™. The findings of the present study 
showed the significant rise in the levels of total antibody 
after 3-4 weeks of recovery from SARS-CoV-2 infections and 
after receiving both doses of Covishield™ (ChAdOx1 nCoV-
19 coronavirus vaccines). The raised level of total antibody 
titer was found to be significantly higher in vaccinated people 

compared to nonvaccinated people who have recovered 
from SARS-CoV-2 infections. Several studies have reported a 
significant rise in serum levels of total antibodies postvacci-
nation with Covishield™ in healthy individuals (20,21). Few 
studies reported a significant difference in antibody titer with 
disease severity among COVID-19 recovered patients (22,23). 
Interestingly, among the recovered patients, those who had 
severe COVID-19 had higher levels of anti-spike total anti-
body compared to those with mild disease (24). Our study 
also reported significantly higher levels of SARS-CoV-2 spike 
protein-specific total antibody in severe COVID-19 recovered 
patients. 

Vaccination with ChAdOx1 nCoV-19 coronavirus vaccines 
led to a significant increase in anti-spike antibody titers, indi-
cating a robust humoral immune response. However, the 
raised antibody after vaccination could not immune-react 
with SARS-CoV-2 variant peptides. The polyclonal antibody 
response postvaccination showed limitations in binding the 
mutant peptides of RBDs of the Delta and Omicron variants, 
suggesting a potential challenge in achieving full protec-
tion against these variants (25). Findings of this study sug-
gest that vaccination elicits a lower titer of immune-reactive 
antibodies against the Delta and Omicron RBDs, indicating 
potential challenges in neutralizing these variants. Overall, 
the results highlight the need for ongoing monitoring and 
adaptation of vaccines to address the evolving SARS-CoV-2 
variants and their impact on antibody binding. The findings 
of our study are supported by the study of Geers et al 2021 
(26). The study revealed structural analysis that the Delta and 
Omicron variants share a common immune escape strategy 

FIGURE 2 - Immunoreactivity  
of peptides (P1, P5, P7) of wild-
type SARS-CoV-2 and peptides 
(P2, P6, P8) of SARS-CoV-2 
variants with anti-sera obtai-
ned from healthy individuals 
vaccinated with both doses 
of Covishield™ (n = 30) and 
COVID-19 recovered patients 
from the hospital (n = 30). A, 
B, and C. The immunoreactivi-
ty of anti-sera with each pep-
tide (P1, P5, P7) of wild-type 
SARS-CoV-2 and each peptide 
(P2, P6, P8) of mutated SARS-
CoV-2 having single amino acid 
mutation at residues 417, 484, 
and 501, respectively. D. The 
immunoreactivity of anti-sera 
with peptide pools (P1, P5, P7) 
of wild-type SARS-CoV-2 and 
peptide pools (P2, P6, P8) of 
mutated SARS-CoV-2 having 
mutations at all three residues 
417, 484, and 501.
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involving specific residues (K417-E484-N501), allowing them 
to evade neutralization by anti-RBD antibodies (8,26). The 
study suggests that through mutations of this triad, SARS-
CoV-2 has evolved to evade neutralization by the class  
I/II anti-RBD antibody fraction of hybrid immunity plasma. The 
findings indicate that vaccination may result in a decreased 
long-term antibody response to Delta and Omicron RBDs, 
highlighting the challenges in neutralizing these variants with 
the existing antibody response induced by vaccination. The 
study also found that the interval between vaccination and 
blood draw did not significantly impact antibody levels, indi-
cating the stability of the antibody response over time. These 
findings highlight the need for continued monitoring and 
adaptation of vaccines to address the evolving SARS-CoV-2 
variants and their immune evasion strategies.

Findings of our study reported reduced immunoreactiv-
ity of anti-sera of vaccinated people and COVID-19 recovered 
patients with a peptide having E484K mutation in the RBD of 
SARS-CoV-2 variants. Our finding is supported by the study 
done in Brazilian/Japanese variants (P.2 and P.1) with the 
E484K mutation, which had significantly decreased neutraliza-
tion, suggesting evasion of antibody responses (27). The neu-
tralization of the South African B.1.351 strain, which has three 
mutations in the RBD and has been found in reinfection cases, 
was significantly reduced for two-dose vaccines, similar to 
other distantly related coronaviruses, indicating that a small 
number of mutations can lead to potent humoral immune 
response escape (28,29). A considerable percentage of recipi-
ents did not have detectable neutralization of the B.1.351 
variant after receiving two doses of either vaccine (22). 
Individuals with prior COVID-19 infection or significant expo-
sure had higher neutralization titers and cross-neutralization 
against various variants, suggesting a combination of prior 
infection and vaccination may result in broader neutralizing 
antibody responses (30). The B.1.351 variant of SARS-CoV-2, 
also known as the South African variant, exhibits resistance 
to neutralization primarily because of mutations in the RBD 
of the spike protein. The RBD mutations in B.1.351, including 
K417N, E484K, and N501Y, contribute to the observed escape 
from vaccine-induced neutralization (31,32). Variants like P.2 
and P.1 with specific RBD mutations reduce neutralization 
potency and may explain reinfection cases (33). 

Conclusion

The study concludes that multiple variants of SARS-CoV-2, 
including the Delta and Omicron variants, reduced immuno-
reactivity with polyclonal sera by vaccine-induced humoral 
immunity. The Delta variant’s neutralization is primarily 
attributed to mutations in the RBD of the spike protein. The 
RBD mutations, such as K417N, E484K, and N501Y, play a sig-
nificant role in the escape from vaccine-induced neutraliza-
tion. The study highlights the need for reformulating existing 
vaccines to include diverse spike sequences and the develop-
ment of new vaccines capable of eliciting broadly neutralizing 
antibodies to effectively combat the infection with variants 
of SARS-COV-2 and possible future pandemic. It also empha-
sizes the importance of assessing other antibody-mediated 
functions and cellular immune responses mediated by T cells 

and natural killer (NK) cells in understanding the overall pro-
tection provided by vaccines.
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against the TB bacillus. From rifampicin in the early 1970s 
to bedaquiline (BDQ) and delamanid in 2012 and 2013, the 
trickle of new drugs is envisaged as a powerful means of dis-
ease control but one that has a window of time before drug 
resistance sets in for a single drug/drug combination. One of 
the most singular findings in recent years is the theme that 
resistance to any drug can occur even before the drug is put 
to use by the disease programme. Extensive drug-resistant 
TB was detected in KwaZulu Natal even before the same 
drugs were deployed, through natural selection (9). Similarly 
in a cohort in India, mutations bestowing high minimum 
inhibitory concentrations (MICs) to BDQ such as Rv0678: 
c.141_142dupTC, p.Glu55Asp, p.Leu117Arg, p.Gly162Glu; 
atpE: p.Glu61Asp, p.Thr51Ile, p.Ser37Ala; pepQ: p.Pro69Leu, 
p.Arg7Gln; mmpL5: Ile948Val, Thr794Ile, Asp767Asn (FMR 
unpublished data) were seen in patients not exposed to BDQ. 
Does the presence of such natural mutations signify a natu-
ral tendency for resistance amplification? This is a powerful 
phenomenon to study the evolution of drug resistance in the 
coming years.

Another paradigm has been the linkage of gut microbi-
ome to the phenomenon of drug resistance in an individual 
(10). Modulating the microbiome towards greater diversity 
and speciation offers a novel way to combat the emergence 
of drug resistance that needs to be explored with incisive 
studies, especially since a disturbed gut microbiome contin-
ues to exist for over 1.2 years post-anti-TB treatment (11). 
The use of complex compounds in phytomedicine indicates 
another approach to minimizing drug resistance. These com-
plex structures in plant products may retard the development 
of drug resistance to conventional anti-TB drugs by stabilizing 
the gut microbiome or may have anti-bacterial action directly 
vs drug-resistant bacteria. This would provide a relatively 
cost-effective approach to the treatment of drug-resistant 
TB. Though no scattered studies provide positive indications 
(12-14), rigorous in-depth research is required. 

Diagnosis

TB is well recognized as a respiratory disease spread 
through the air through microdroplets, especially in vulner-
able communities. The ability to capture and detect such 
infectious droplets through masks (15,16) or through capture 
chambers (17) has given a profound scenario of disease biol-
ogy. Increasing evidence has been generated in very recent 
years in even non-symptomatic individuals where disease in 
the preclinical stages shows the capture of such infectious 
droplets (18). This leads to a paradigm change in understand-
ing the transmission of TB through non-symptomatic individ-
uals, say, within a household in vulnerable communities and 

Despite 142 years of ongoing research, since Robert Koch 
discovered the tuberculosis (TB) bacillus, TB continues to 
flourish in the most vulnerable parts of the globe in Asia, 
Africa and South America (1). Indeed, progressive socio- 
economic measures (nutrition, housing and environment) 
have shown to be more effective than research in disease 
elimination in affluent areas of the globe (2). Undoubtedly, 
however, areas undertaken in recent research studies under-
score new knowledge that may yield far-reaching impact on 
disease control, if not elimination. This editorial aims to high-
light such specific studies and their impact.

Non-medical determinants

Little attention was paid to research on socio-economic 
measures. In this regard, two studies, viz., Bhargava et al. (3) 
and Shin et al. (4), stand out. Additionally, McKeown’s famous 
graph (5) showed a dramatic decrease in TB even in the absence 
of drugs with good housing and a balanced diet. With the recent 
RATIONS (Reducing Activation of Tuberculosis by Improvement 
of Nutritional Status) trial in rural Jharkhand, the problem of 
undernutrition as a primary cause of TB was brought into the 
limelight though with nutrition supplementation only 54% 
of patients reached the desirable weight gain at 2 months of 
treatment (6). This poses several puzzling questions which need 
to be answered to establish nutrition as an effective control/
prevention tool. Environmental pollution studies and its effect 
on TB incidence are also gaining ground with emphasis on par-
ticulate matter 2.5 and even smaller particles (7). However, the 
concept of healthy housing with optimal access to light and ven-
tilation has been overlooked in India though it is prevalent in 
some countries of South-East Asia (8). In a study in the slums in 
Mumbai air exchange of 1-2 every 13 hours was seen to be the 
norm as opposed to the desired 6-7 per hour (FMR unpublished 
study). Transmission of all respiratory diseases is inevitable and 
will be continuous with such a large ventilation deficit and will 
continue to take place with compromised ventilation.

Drugs and mutations

The most singular outcome of biomedical research in 
TB has been to identify new and repurposed drugs for use 
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which can also be utilized effectively during active prevalence 
surveys.

The pipeline of novel TB diagnostics has never been 
richer. Several large consortia funded by the United States 
Agency for International Development, National Institutes of 
Health and Unitaid are currently undertaking validation study 
of these diagnostics for ensuring that the best are put to use. 
The future will stress self-sampling and self-testing technolo-
gies, which are likely to have wider acceptability.

Surveillance

The epidemiological research in TB is likely to be trans-
formed in the coming years through increasing use of sur-
veillance methods be it for antimicrobial resistance (AMR), 
mutations, clinical profiles or drug responses. The ability 
of countries to sustain continued data collection and rapid 
analysis would allow the use of key data that can be used for 
disease control. 

Genomic surveillance and questions on how the environ-
ment fashions Mycobacterium tuberculosis (M.tb) response 
could not have occurred without the explosion in the field of 
bioinformatic tools and their application. For instance, Fastlin 
facilitates ultra-fast and accurate mycobacterium complex 
lineage typing, whereas Mykrobe can predict AMR in min-
utes (19,20). MTBseq is a comprehensive pipeline developed 
for whole-genome sequencing of M.tb complex isolates (21). 
These have been invaluable in ascertaining strain differences 
and in detecting transmission of TB in hyperendemic areas or 
examining tissue tropism of strain in extrapulmonary TB. We 
anticipate the generation of crucial knowledge in the coming 
years through deciphering the language of the cells.

Operations research

In operations research, the engagement of the private 
sector has become a key theme in recent times taken up on 
a global basis through the formation of public-private learn-
ing networks led by McGill University in Toronto. The Public 
Private Interface Agency (PPIA) introduced by the Gates 
Foundation in India around 2015 showed some early gains 
for patients accessing a PPIA-engaged physician at the first 
point of call (22). Whether this has translated to its successor, 
the Private Provider Support Agency (PPSA) overseen by the 
Government of India, remains to be evaluated.

The PPSA as of now is run on bureaucratic rather than 
functional lines, the emphasis being on orienting non-govern-
mental organizations (the middle link between the National 
Tuberculosis Elimination Programme and the community) 
rather than sensitization and education of private sector phy-
sicians. The PPSA needs evaluation to fine-tune a potentially 
effective solution to early diagnosis, correct treatment and 
follow-up of TB patients buoyed by support mechanisms of 
direct cash benefit transfer for nutrition to patients.

The pioneering differentiated care model introduced 
by the Indian state of Tamil Nadu in 2022-2023 (23) is an 
innovative step today open for wider dissemination nation-
ally and globally. It takes into account severe undernutri-
tion, impaired lung function and overall functionality. This 

model if researched well will provide crucial learnings on 
approaches to reducing mortality and enhancing patient care 
infrastructure.

An excessively strict adherence to national guidelines 
for disease control paradoxically retards innovative insights 
in clinical and microbiological research and also adversely 
affects patient outcomes. Structures must be instituted 
to examine result discrepancies so that new paradigms of 
knowledge can be created.

Encouraging a comprehensive and open approach

With an eye on equitable access to knowledge and treat-
ment, research should increasingly focus on to what extent 
and circumstances users stay out of the service technology 
net. The upfront GeneXpert (24) initiative and the SMaRT-PCR 
initiative (25 and Online) in diagnostic technology validation 
is a step in the right direction where technical performance is 
supplemented with an inquiry into community-level accept-
ability and feasibility. Two areas of applicability of such an 
approach are paediatric TB and post-treatment rehabilita-
tion, an area almost completely ignored today in India. The 
next couple of years will give a comprehensive view of how 
novel technologies need to be translated for field conditions.

With the advent of big data technology globally, there 
comes the responsibility of open data sharing that can ward 
off common global threats. The trend of overt protection of 
country data needs to be eschewed if the common good is to 
be realized by the use of big data. Such global cooperation is 
a desirable but still yet distant goal.

Abbreviations

TB, tuberculosis; BDQ, bedaquiline; M.tb, Mycobacterium 
tuberculosis; PPIA, Public Private Interface Agency; PPSA, 
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Ɖƌotectiǀe�eīects.�dŚe�sǇneƌŐistic�eīects�oĨ� tŚis�dƌuŐ�witŚ�otŚeƌ�seůectiǀe�Śeƌbs�aƌe�aůso�contƌibuted�towaƌds�
siŐniĮcant�tŚeƌaƉeutic�Ɖotentiaů.
Conclusion: dŚis� sǇsteŵatic� ƌeǀiew�aƌticůe� Ĩƌoŵ�a�conteŵƉoƌaƌǇ�and�scientiĮc�ƉeƌsƉectiǀe�oīeƌs� ĨƌesŚ� insiŐŚt�
into S. baicalensis͕�O. indicum͕�and�its�bioactiǀe�coŵƉonent�baicaůein�as�a�Ɖotentiaů�coŵƉůeŵentaƌǇ�ŵedicine.�
�aicaůein�ŵaǇ�be�tƌansĨoƌŵed�into�ŵoƌe�eĸcacious�and�acceƉtabůe�eǀidenceͲbased�ŵedicine.�,oweǀeƌ͕ �we�ƌec-
oŵŵend�ŵoƌe�cůinicaů�and�ŵecŚanistic�aƉƉƌoacŚes�to�conĮƌŵ�saĨetǇ�and�eĸcacǇ�oĨ�baicaůein.
Keywords: �ůǌŚeiŵeƌ s͕͛��aicaůein͕��anceƌ͕ ��ƉiůeƉsǇ͕ �,eaƌt�Ĩaiůuƌe͕�,ǇƉeƌtension͕�WaƌŬinson͕�^tƌoŬe

Received: November 6, 2023
Accepted: January 11, 2024
Published online: June 6, 2024

Corresponding author:
Rohit Sharma
email: rohitsharma@bhu.ac.in

Hitesh Chopra 
email: chopraontheride@gmail.com 

baicaůensis� and� KƌoǆǇůuŵ� indicuŵ.� ^.� baicaůensis� 'eoƌŐi͕�
a� ŵeŵbeƌ� oĨ� tŚe� >aŵiaceae� ĨaŵiůǇ͕ � stands� as� one� oĨ� tŚe�
ƉŚaƌŵacoůoŐicaůůǇ�siŐniĮcant�sƉecies�oĨ�ŇoweƌinŐ�Ɖůant.�dŚe�
Śeƌbaceous� Ɖeƌenniaů� undeƌ� inǀestiŐation� eǆŚibits� distinct�
cŚaƌacteƌistics�tŚat�contƌibute�to�its�oǀeƌaůů�aƉƉeaů.�/ts�ƉaƉeƌǇ�
ůeaǀes͕� tŚicŬ� ƌoots͕� and� bƌancŚinŐ� steŵs� Ɖƌoǀide� a� stuƌdǇ�
Ĩoundation�Ĩoƌ�its�ŐƌowtŚ�and�deǀeůoƉŵent.��dditionaůůǇ͕ �tŚe�
ǀibƌant�ƉuƌƉůeͲƌed� to�bůue�bůooŵs�add�a� toucŚ�oĨ�eůeŐance�
and�beautǇ�to�its�aƉƉeaƌance.�dŚe�Ɖƌesence�oĨ�bůacŬͲbƌown�
oǀoid� nutůets� ĨuƌtŚeƌ� enŚance� its� aƉƉeaƌance.� dƌaditionaů�
�Śinese�ŵedicine�Śas�a�ƌicŚ�ŚistoƌǇ�oĨ�utiůiǌation�and�contin-
ues�to�be�wideůǇ�Ɖƌacticed.�dŚe�cuůtiǀation�oĨ�tŚis�Ɖaƌticuůaƌ�
Ɖůant�sƉecies�Śas�been�obseƌǀed�in�ǀaƌious�ƌeŐions͕�incůudinŐ�
easteƌn�Zussia͕� :aƉan͕��Śina͕�^ibeƌia͕�DonŐoůia͕�and�<oƌea.�
/n�addition�to�tŚe�weůůͲŬnown��Śinese�ŵedicinaů�inŐƌedients͕�
ǀaƌious�Scutellaria� sƉecies� incůudinŐ�S. viscidula͕�S. rehderi-
ana͕�S. amoena͕�S. likiangensis͕�and�S. hypericifolia�Śaǀe�aůso�

Introduction
�aicaůein͕� a� Ňaǀone� coŵƉound͕� is� wideůǇ� ƌecoŐniǌed� in�

�Śinese�tƌaditionaů�ŵedicine�as�,uanŐͲƋin�oƌ��Śinese�sŬuůů-
caƉ�;ϭͿ.�Zecent�ƌeseaƌcŚ�Śas�ƌeǀeaůed�tŚe�tŚeƌaƉeutic�siŐniĮ-
cance� and� ƉŚaƌŵacoůoŐicaů� ĮndinŐs� oĨ� ƌoots� oĨ� ^cuteůůaƌia�
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been�utiůiǌed�as�,uanŐͲƋin�in�diīeƌent�ƌeŐions�;ϮͿ.�dŚeƌe�aƌe�
seǀeƌaů�waǇs�aǀaiůabůe� Ĩoƌ� eǆtƌactinŐ�baicaůein͕� as� sŚown� in�
dabůe�ϭ.�dŚe�auǆiůiaƌǇ�eǆtƌaction�ŵetŚodoůoŐǇ�acŚieǀed�tŚe�
ŵaǆiŵuŵ�Ǉieůd�wŚiůe�eǆtƌactinŐ�Ĩƌoŵ�tŚe�ƌoots�oĨ�Scutellaria.

O. indicum͕� coŵŵonůǇ� ƌeĨeƌƌed� to� as� tŚe� /ndian� tƌuŵ-
Ɖet�Ňoweƌ͕ �Śas� ƌeceiǀed�siŐniĮcant�aƩention� in� tŚe�Įeůd�oĨ�
ƌeseaƌcŚ.� dŚe� Ɖůant� in� issue� beůonŐs� to� tŚe� �iŐnoniaceae�
ĨaŵiůǇ͕ �wŚicŚ�is�weůůͲŬnown�Ĩoƌ�its�tŚeƌaƉeutic�Ƌuaůities.�dŚe�
subũect�oĨ�inǀestiŐation�is�a�coŵƉact�to�ŵodeƌateͲsiǌed�decid-
uous�tƌee͕�cŚaƌacteƌiǌed�bǇ�Ɖƌesence�oĨ� ůiŐŚt�ŐƌaǇisŚ�bƌown�
baƌŬ�adoƌned�witŚ�coƌǇ�ůenticeůs.�dŚe�ǀibƌant�ƌeddisŚͲƉuƌƉůe�
bůooŵs�Őƌow�on�its�outeƌ�suƌĨace͕�wŚiůe�its�inneƌ�coƌe�eǆŚib-
ited�tŚe�Ɖƌesence�oĨ�ƉinŬisŚ�Ǉeůůow�Ňoweƌs.��dditionaůůǇ͕ �tŚe�
tƌee� beaƌs� distinctiǀe�woodǇ͕ �winŐed͕� ůaƌŐe͕� and� Ňat� Ĩƌuits͕�
wŚicŚ�add�to�its�ǀisuaů�aůůuƌe.�&uƌtŚeƌŵoƌe͕�tŚis�ƌeŵaƌŬabůe�
tƌee� eǆŚibits� Ɖƌesence� oĨ� ƉinnateůǇ� coŵƉound� eǀeƌŐƌeen�
ůeaǀes͕�enŚancinŐ�its�oǀeƌaůů�aƉƉeaů.�dŚe�ŐeoŐƌaƉŚicaů�distƌi-
bution�oĨ�tŚis�Ɖaƌticuůaƌ�ƉŚenoŵenon�ƉƌiŵaƌiůǇ�encoŵƉasses�
tŚe�countƌies�oĨ�/ndia͕��Śina͕�dŚaiůand͕�^ƌi�>anŬa͕��aŵbodia͕�
�anŐůadesŚ͕�and�otŚeƌ�nations�witŚin�tŚe�^outŚ��sian�ƌeŐion.

�aicaůin͕�aůso�Ŭnown�as�baicaůeinͲϳͲKͲɴͲ�ͲŐůucuƌonic�acid͕�
undeƌŐoes� ŚǇdƌoǆǇůation� to� Ǉieůd� a� bioůoŐicaůůǇ� actiǀe� aŐůǇ-
cone�caůůed�baicaůein�;�/��ϲϰϵϴϮͿ͕�wŚicŚ�is�cŚeŵicaůůǇ�Ŭnown�
as�ϱ͕ϲ͕ϳͲtƌiŚǇdƌoǆǇŇaǀone�;ϯͿ.��aicaůein͕�a�natuƌaůůǇ�occuƌƌinŐ�
Ňaǀonoid͕�eǆŚibits�a�cŚeŵicaů�stƌuctuƌe�deƌiǀed�Ĩƌoŵ�tŚe�Ĩun-
daŵentaů�ĨƌaŵewoƌŬ�oĨ�ϮͲƉŚenǇů�cŚƌoŵenͲϰͲone�;aůso�Ŭnown�
as� ϮͲƉŚenǇůͲϭͲbenǌoƉǇƌanͲϰͲoneͿ.� Kne� intƌiŐuinŐ� asƉect� oĨ�
bodiůǇ� ŵetaboůisŵ� is� tŚe� abiůitǇ� Ĩoƌ� ceƌtain� substances� to�
undeƌŐo�a�tƌansĨoƌŵatiǀe�Ɖƌocess͕�aůůowinŐ�tŚeŵ�to�tƌansition�
into�diīeƌent�Ĩoƌŵs.��aicaůin͕�a�natuƌaůůǇ�occuƌƌinŐ�coŵƉound͕�
eǆŚibits�a�uniƋue�ŵoůecuůaƌ� stƌuctuƌe͕�wŚicŚ�contƌibutes� to�
tŚe� diǀeƌse� bioůoŐicaů� actiǀities� and� Ɖotentiaů� tŚeƌaƉeutic�
aƉƉůications.�hndeƌstandinŐ�tŚe�stƌuctuƌaů�Ĩeatuƌes�oĨ�baicaůin�
is�cƌuciaů�Ĩoƌ�eůucidatinŐ�its�ŵecŚanisŵs�oĨ�action�and�eǆƉůoƌ-
inŐ�its�Ɖotentiaů�in�ǀaƌious�Įeůds�oĨ�ƌeseaƌcŚ�;ϭ͕ϰͿ.

dŚis� ŵoůecuůe� deŵonstƌates� a� wide� ƌanŐe� oĨ� bioůoŐi-
caů� actions͕� incůudinŐ� siŐniĮcant� doŵains� sucŚ� as� ƌeduc-
inŐ� tŚe� ƌisŬ� oĨ� canceƌ͕ � ǀiƌus� suƉƉƌession͕� diabetic� contƌoů͕�
and�ŵitiŐation� oĨ� aŐeͲƌeůated� deteƌioƌation.� �dditionaůůǇ͕ � it�

deŵonstƌates�notabůe�Ɖƌotectiǀe�eīects�on�tŚe�neuƌoůoŐicaů͕�
caƌdioǀascuůaƌ͕ �Őastƌointestinaů�;'/Ϳ͕�ŚeƉatic͕�ƌesƉiƌatoƌǇ͕ �and�
ƌenaů�sǇsteŵs�;ϱͿ.�dŚis�coŵƉƌeŚensiǀe�ƌeǀiew�aiŵs�to�consoů-
idate�a�weaůtŚ�oĨ�inĨoƌŵation�on�tŚe�diǀeƌse�ƉŚaƌŵacoůoŐicaů�
eīects�associated�witŚ�ǀaƌious�diseases͕�encoŵƉassinŐ�ŵuů-
tiƉůe� ƉatŚwaǇs͕�ŵecŚanisŵs� oĨ� action͕� and� in� ǀitƌo� studies�
;ϱͿ.�dŚis�ƌeǀiew�ĨuƌtŚeƌ�ŚiŐŚůiŐŚt�tŚe�aƩƌactiǀe�oƉƉoƌtunities�
Ĩoƌ�baicaůeinͲassociated�dƌuŐ�discoǀeƌǇ�and�ƌeseaƌcŚ�acƌoss�a�
ƌanŐe�oĨ�tŚeƌaƉeutic�aƌeas.

Chemistry of baicalein

&ůaǀonoids͕�a�cůass�oĨ�ƉoůǇƉŚenoůic�coŵƉounds͕�Śaǀe�Őaƌ-
neƌed�siŐniĮcant�aƩention�in�tŚe�ƌeaůŵ�oĨ�natuƌaů�Ɖƌoducts�due�
to�tŚeiƌ�eǆtensiǀe�ƌeseaƌcŚ�and�eǆƉůoƌation�;ϭϭͿ.�Kne�oĨ�tŚe�ŬeǇ�
stƌuctuƌaů�coŵƉonents�oĨ�tŚis�coŵƉound�was�Ɖƌoduced�usinŐ�
tŚe�acetate�ƌoute͕�ůeadinŐ�to�tŚe�deǀeůoƉŵent�oĨ�tŚe�ƉŚenoůic�
ƌinŐ�cŚƌoŵoƉŚoƌe�;ƌinŐ��Ϳ�witŚin�its�ϭϱͲcaƌbon�sŬeůetaů�Ĩƌaŵe-
woƌŬ�;ϭϭͿ.�Kne�oĨ�tŚe�best�eǆaŵƉůes�oĨ�tŚe�ŵost�Ĩundaŵentaů�
Ňaǀone�ŵoůecuůe�is�cŚƌǇsin͕�wŚicŚ�Śas�tŚe�uniƋue�ƉƌoƉeƌtǇ�oĨ�
ƌetaininŐ�tŚe�necessaƌǇ�ŵetaͲsubstituted�ŚǇdƌoǆǇů�ŐƌouƉs�on�
tŚe��ͲƌinŐ.�dŚe�K,�substitution�at�cŚƌǇsin s͛��Ͳϲ�Ɖosition�causes�
it�to�cŚanŐe�into�tŚe�tƌiŚǇdƌoǆǇ�deƌiǀatiǀe�baicaůein�;ϭϮͿ�ŚaǀinŐ�
cŚeŵicaů� Ĩoƌŵuůa��15 ,10O 5 .�Doƌe�sƉeciĮcaůůǇ͕ � it� is�ƌecoŐniǌed�
as� ϱ͕ϲ͕ϳͲtƌiŚǇdƌoǆǇͲϮͲƉŚenǇůͲϰ,ͲcŚƌoŵenͲϰͲone͕� as� &iŐuƌe ϭ�
iůůustƌates.� hsinŐ� a�ŵuůtisteƉ� sǇntŚetic� stƌateŐǇ͕ � ƌeseaƌcŚeƌs�
Śaǀe�eīectiǀeůǇ�ƌecƌeated�tŚe�biosǇntŚetic�tƌansition�oĨ�cŚƌǇ-
sin�to�baicaůein�in�ƌecent�ůaboƌatoƌǇ�tests͖�ϭͲ;Ϯ͕ϰ͕ϲͲtƌiŚǇdƌoǆǇ-
ƉŚenǇůͿetŚanone�and�ϭͲetŚǇůͲϯͲƉŚenǇůͲϭ͕ϯͲƉƌoƉanedione�aƌe�
coŵbined� in� tŚe� Įƌst� sǇntŚesis� tecŚniƋue.� �Śen� et� aů� coŵ-
Ɖůeted� a� ƉioneeƌinŐ� inǀestiŐation� tŚat� ƌeǀeaůed� an� aŵaǌinŐ�
and�noǀeů�ŵetŚod� Ĩoƌ�eǆtƌactinŐ�baicaůein� Ĩƌoŵ�ϯ͕ϰ͕ϱͲtƌiŵe-
tŚoǆǇƉŚenoů.�dŚis�aƉƉƌoacŚ͕�wŚicŚ�consists�oĨ�a�bƌieĨ�ĨouƌsteƉ�
Ɖƌoceduƌe͕�sŚowed�Ɖƌoŵise�Ĩoƌ�a�ŵoƌe�stƌeaŵůined�and�eīec-
tiǀe�ŵanuĨactuƌe�oĨ�baicaůein� ;ϭϯ͕ϭϰͿ.�Kne�oĨ� tŚe�ŬeǇ� stƌuc-
tuƌaů�cŚaƌacteƌistics�tŚat�distinŐuisŚes�baicaůin�and�baicaůein�is�
tŚe�notabůe�eǆistence�oĨ�a�diͲoƌtŚo�K,�on�ƌinŐ��.�dŚe�ƌeŵaƌŬ-
abůe�cŚaƌacteƌistic�eǆŚibited�bǇ�ƉoůǇƉŚenoůic�coŵƉounds�ůies�
in�tŚeiƌ�abiůitǇ�to�seƌǀe�as�eĸcient�ŵaƌŬeƌs�Ĩoƌ�ŵetaů�cŚeůation͕�

TABLE 1 -�^eǀeƌaů�ŵetŚods�Ĩoƌ�eǆtƌaction�oĨ�baicaůein

S. no. Species Part of the plant Extraction method Analytical 
technique

Yield Reference

1. Oroxylum 
indicum

Stem barks Solvent (ethanol) extraction (Reflux method) HPTLC 26.498 mg/g (6)

Solvent (acetone) extraction (Reflux method) HPTLC 8.631 mg/g

DMSO extract (Reflux method) HPTLC 13.883 mg/g

DMF extract (Reflux method) HPTLC 20.529 mg/g

Seeds Solvent (95% ethanol) extraction (maceration 
method)

HPLC 0.72% ± 0.00% 
w/w

(7)

2. Scutellaria 
baicalensis
Georgi

Roots Solvent (methanol) extraction (maceration method) HPLC 0.5 mg/mL (8)

Auxiliary extraction method HPLC 116.8 mg/g (9)

Supercritical fluid extraction HPLC-UV 2.5-80 µg/mL (10)

DMF = dimethylformamide; DMSO = dimethyl sulfoxide; HPLC-UV = high-performance liquid chromatography ultraviolet; HPTLC = high-performance thin layer 
chromatography. 
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Ĩƌee�ƌadicaů�scaǀenŐinŐ�ƉƌoƉeƌties͕�and�enǌǇŵe�inŚibition.�dŚe�
stƌuctuƌaů�Ĩeatuƌes�oĨ�baicaůein�aƌe�beůieǀed�to�be�ƌesƉonsibůe�
Ĩoƌ� its� ƌeƉoƌted� antioǆidant� eīects� and� its� abiůitǇ� to� cŚeůate�
diǀaůent�ŵetaů�ions�;ϭϰͿ.

Anticancer effects of baicalein

�anceƌ͕ �uncontƌoůůed�ceůů�ƉƌoůiĨeƌation͕�can�sŚow�uƉ�ƉŚe-
notǇƉicaůůǇ�in�a�nuŵbeƌ�oĨ�waǇs͕�Ĩƌoŵ�beniŐn�to�Ĩataů.�dŚeƌe�
aƌe� nuŵeƌous� Ĩactoƌs� tŚat� can� ůead� to� tŚe� deǀeůoƉŵent� oĨ�
canceƌ͕ �incůudinŐ�deoǆǇƌibonucůeic�acid�;�E�Ϳ�daŵaŐe͕�ŵuta-
tions�in�tŚe��E��oƌ�anǇ�bǇͲƉƌoducts�oĨ�tŚat��E�͕�and�dǇsĨunc-
tion�oĨ�tŚe�ƌeŐuůatoƌǇ�and�ƌeƉƌessoƌ�ŵecŚanisŵs�duƌinŐ�tŚe�
ceůů�cǇcůe.�dŚe�Ĩouƌ�ƉŚases�oĨ�tŚe�ceůů�cǇcůe�in�actiǀeůǇ�diǀidinŐ�
euŬaƌǇotes�occuƌ�in�tŚe�seƋuence�staƌtinŐ�Ĩƌoŵ�ŐaƉ�ϭ͕�sǇntŚe-
sis͕�ŐaƉ�Ϯ�Ĩoůůowed�bǇ�ŵitosis.�tŚiůe�enteƌinŐ�tŚe�neǆt�ƉŚase�
oĨ�tŚe�ceůů�cǇcůe͕�tŚeƌe�aƌe�a�nuŵbeƌ�oĨ�cŚecŬƉoints�aǀaiůabůe�
en�ƌoute�to�ensuƌe�tŚat�tŚe�actions�at�eacŚ�ƉŚase�Śaǀe�been�
aƉƉƌoƉƌiateůǇ� coŵƉůeted.� WŚosƉŚoƌǇůated� ƌetinobůastoŵa�
Ɖƌotein� ;ƉZ�Ϳ͕� cǇcůin� subunits͕� cǇcůinͲdeƉendent� Ŭinases�
;��<sͿ͕� and� cǇcůinͲdeƉendent� Ŭinase� inŚibitoƌs� ;��</sͿ� aƌe�
tŚe�coŵƉonents�oĨ� tŚese�cŚecŬƉoints� ;ϭϱͿ.��eůů�cǇcůe�aƌƌest�
occuƌs�wŚen�ceůůs�aƌe�unabůe�to�Ɖass�ceůů�cǇcůe�cŚecŬƉoints.�
�eůů�deatŚ�and�ŐƌowtŚ�inŚibition�ŵaǇ�ƌesuůt�Ĩƌoŵ�'ϭ�aƌƌest.�
'Ϯ/D�aƌƌest�is�ůinŬed�to�incƌeased�aƉoƉtosis�and�ŵaǇ�incƌease�
tŚe�cǇtotoǆicitǇ�oĨ�cŚeŵotŚeƌaƉǇ�;ϭϲͿ.

�/t�is�estiŵated�tŚat�in�ϮϬϮϰ͕�aƌound�Ϯ͕ϬϬϭ͕ϭϰϬ�new�canceƌ�
cases�and�ϲϭϭ͕ϳϮϬ�canceƌ�deatŚs�aƌe�Ɖƌoũected�to�occuƌ�in�tŚe�
hnited�^tates.�titŚ�aƌound�ϯϱϬ�cases�oĨ�ůunŐ�canceƌ�Ĩataůities�
eǀeƌǇ�daǇ͕ �ůunŐ�canceƌ�is�tŚe�ŵost�coŵŵon�cause�oĨ�canceƌͲ
ƌeůated�ŵoƌtaůitǇ� ;ϭϳͿ.��aicaůein� induces�'ϭ/^�aƌƌest� in� ůunŐ�
sƋuaŵous� caƌcinoŵa� ;�,ϮϳͿ� ceůůs� bǇ� downƌeŐuůatinŐ� ��<ϰ�
and�cǇcůin��ϭ͕�as�weůů�as�uƉƌeŐuůatinŐ�cǇcůin���eǆƉƌession͕�a�
cƌuciaů�ƌeŐuůatoƌ�oĨ�tŚe�'ϭ/^�cŚecŬƉoint�oĨ�tŚe�ceůů�cǇcůe�;ϭϴͿ.

'ůobaů�bƌeast�canceƌ�ƌates�aƌe�ƌisinŐ͕�witŚ�ϯϲϰ͕ϬϬϬ�hnited�
^tates� cases� anticiƉated� bǇ� ϮϬϰϬ� ;ϭϵͿ.� �aicaůein� inŚibited�
ϭϳͲ�estƌadioůͲinduced�tƌansactiǀation�oĨ�tŚe�estƌoŐen�ƌeceƉͲ
toƌ� in�D�&Ͳϳ�Śuŵan�bƌeast�canceƌ�ceůůs� in� tŚe�^�and�'Ϯ/D�
staŐes�;ϮϬͿ.�

�asteƌn� �sia� cuƌƌentůǇ� accounts� Ĩoƌ� ŵoƌe� tŚan� ϲϬй�
oĨ� cases� oĨ� Őastƌic� canceƌ.� �uƌƌentůǇ͕� a� ŵaũoƌ� Ɖƌobůeŵ� in�
�asteƌn��sia� is�Śow�to�ŵanaŐe�Őastƌic�canceƌ� in�tŚe�oůdeƌ�
ƉoƉuůation.� /t� is�anticiƉated�tŚat� tŚe�totaů�nuŵbeƌ�oĨ�Őas-
tƌic� canceƌ� cases�and� Ĩataůities�wouůd� ƌeacŚ� its�ƉeaŬ� soon�
;ϮϭͿ.�dŚe�Őastƌic�canceƌ�ceůů�ůine�^'�ͲϳϵϬϭ�undeƌwent�a�siŐ-
niĮcant�^ͲƉŚase�aƌƌest�as�a� ƌesuůt�oĨ�baicaůein.� /t� ƌesuůted�
in�^'�ͲϳϵϬϭ�ceůůs�ŐoinŐ�into�aƉoƉtosis.��naůǇsis�oĨ�Ɖƌotein�
eǆƉƌession� ůeǀeůs� in� ^'�ͲϳϵϬϭ� ceůůs� sŚowed� tŚat� wŚen�
baicaůein�was�adŵinisteƌed͕��cůͲϮ�was�downƌeŐuůated�and�
�aǆ�was�incƌeased�;ϮϮͿ.�

dŚe�tŚiƌd�ŵost�coŵŵon�ƌeason�Ĩoƌ�canceƌͲƌeůated�deatŚ�
woƌůdwide� is�ƉƌiŵaƌǇ�ŚeƉatic�canceƌ.�Dost�Ɖatients� ƌeceiǀe�
a�bad�ƉƌoŐnosis�at�an�adǀanced� staŐe.� /n�an� in� ǀitƌo� inǀes-
tiŐation� usinŐ� ŚeƉatoŵa� caƌcinoŵa� ceůůs� ;,eƉ� 'Ϯ� and� :ϮͿ͕�
baicaůein� tŚeƌaƉǇ� ƌesuůted� in� ^ͲƉŚase� aƌƌest.� ^oŵe� oĨ� tŚe�
undeƌůǇinŐ� ŵecŚanisŵs� incůude� eaƌůǇͲstaŐe� �E�� daŵaŐe͕�
tŚe�inŚibition�oĨ�ŐƌowtŚͲstiŵuůatinŐ�substances͕�and�tŚe�acti-
ǀation�oĨ�cǇcůinͲ���</s�;ϮϯͿ.�

dŚe�seǀentŚ�ŵost�coŵŵon�cause�oĨ�canceƌͲƌeůated�Ĩataůi-
ties�woƌůdwide� is� Ɖancƌeatic� canceƌ.� ,oweǀeƌ͕ �ŵanǇ� deǀeů-
oƉed� nations� suīeƌ� Ĩƌoŵ� it� ŵoƌe� seǀeƌeůǇ.� 'ůobaůůǇ͕ � tŚeƌe�
weƌe� ϰϱϴ͕ϵϭϴ� new� cases� oĨ� Ɖancƌeatic� canceƌ� ƌecoƌded� in�
ϮϬϭϴ͕�and�ϯϱϱ͕ϯϭϳ�additionaů� instances�aƌe�eǆƉected� to�be�
ƌeƉoƌted�beĨoƌe�ϮϬϰϬ� ;ϮϰͿ.��aicaůein�uƉƌeŐuůates��aǆ�wŚiůe�
downƌeŐuůatinŐ� �cůͲϮ� and�DcůͲϭ� to� encouƌaŐe� aƉoƉtosis� in�
Ɖancƌeatic�canceƌ�ceůůs�;ϮϱͿ.�/n�W�E�Ͳϭ�ceůůs͕�baicaůein�induced�
aƌƌest�oĨ�'Ϭ/'ϭ�ƉŚase�wŚen�studied�in�ǀitƌo�;ϮϲͿ.

ZisinŐ�deatŚ�ƌates�Ĩƌoŵ�coůoƌectaů�canceƌ�;�Z�Ϳ�aƌe�a�buƌ-
den�sŚaƌed�bǇ�deǀeůoƉinŐ��sian�nations.�Watients�witŚ��Z��
ŵaǇ�be�at�danŐeƌ�iĨ�tŚeǇ�aƌe�undeƌweiŐŚt�oƌ�oǀeƌweiŐŚt�;ϮϳͿ.�
/n�,�dͲϭϭϲ��Z��ceůůs͕�baicaůein�causes�a�siŐniĮcant�aƌƌest�oĨ�
^�ƉŚase�and�Ɖƌoŵotes�aƉoƉtosis�bǇ�actiǀatinŐ�casƉase�ϯ�and�
casƉase�ϵ�;ϮϴͿ.�

dŚe� ŵost� coŵŵon� Ĩoƌŵ� oĨ� ŵaůe� canceƌ� in� deǀeůoƉed�
nations�is�Ɖƌostate�canceƌ�;W�Ϳ.�/n�W��ceůůs͕�baicaůein�caused�
'Ϭ/'ϭ�aƌƌest�bǇ�ůoweƌ�down�cǇcůins�;�ϭ�and��ϯͿ�and�ƉZ��;ϮϵͿ.�

�ůaddeƌ� canceƌ� ;��Ϳ� ƌanŬs� in� tŚe� toƉ� ϭϬ�ŵost� coŵŵon�
canceƌs�ŐůobaůůǇ.��aicaůein�caused�'Ϯ/D�aƌƌest�in�d^',ϴϯϬϭ�
and��&d�ϵϬϱ����ceůůs�bǇ�aůteƌinŐ�two�essentiaů�Ɖƌoteins�;cǇcůin�
�ϭ�and�ƉŚosƉŚoͲ�dcϮͿ�ƌeƋuiƌed�to�initiate�tŚe�Įnaů�staŐe�oĨ�
ceůů�cǇcůe�;ϯϬ͕ϯϭͿ.

Kǀaƌian� canceƌ� is� tŚe� seǀentŚ�ŵost� Ɖƌeǀaůent�ŵaůiŐnant�
tuŵoƌ�in�woŵen͕�ŐƌaǀeůǇ�endanŐeƌinŐ�tŚe�ƌeƉƌoductiǀe�ŚeaůtŚ�
oĨ� woŵen.� /t� Śas� a� Ɖooƌ� ƉƌoŐnosis͕� unŬnown� ƉatŚoƉŚǇsioů-
oŐǇ͕ �ŵissed�diaŐnoses͕�and�a�ŚiŐŚ�ƌecuƌƌence�ƌate�;ϯϴͿ.�/t�onůǇ�
aīects�woŵen�and�Śas�a�ĨataůitǇ�ƌate�oĨ�ϰϲ.Ϯй�aŌeƌ�ϱ�Ǉeaƌs͕�
ŵaŬinŐ�it�uniƋue�to�tŚe�Ĩeŵaůe�ƉoƉuůation�;ϯϴͿ.��aicaůein�inŚib-
its�tŚe�sǇntŚesis�oĨ�ǀascuůaƌ�endotŚeůiaů�ŐƌowtŚ�Ĩactoƌ�;s�'&Ϳ͕�
,/&Ͳϭ͕�cͲDǇc͕�and�nucůeaƌ�Ĩactoƌ�ŬaƉƉa���;E&Ͳʃ�Ϳ�in�tŚe�'ϭ�and�
^�ƉŚases�oĨ�oǀaƌian�canceƌ�ceůů� ůines�;Ks��ZͲϯ�and��WͲϳϬͿ.� /t�
inŚibited� tŚe�ŐƌowtŚ�oĨ�oǀaƌian� canceƌ� ceůůs�bǇ� ůoweƌinŐ� tŚe�
eǆƉƌession�oĨ�ŵatƌiǆ�ŵetaůůoƉƌoteinase�;DDWͿͲϮ�;ϯϮͲϯϱͿ.

Ksteosaƌcoŵa� ;K^Ϳ� is� tŚe�ŵost� Ɖƌeǀaůent� ƉƌiŵaƌǇ�bone�
canceƌ� in� cŚiůdƌen� and� adoůescents.� /n� its� adǀanced� staŐes͕�
it�Śas�a� ůow� suƌǀiǀaů� ƌate� ;ϯϲ͕ϯϳͿ.��aicaůein�Ɖƌoduced� intƌa-
ceůůuůaƌ� ƌeactiǀe� oǆǇŐen� sƉecies� ;ZK^Ϳ� and� actiǀated� �E/Wϯ�
to�sůow�down�tŚe�deǀeůoƉŵent�and�Śasten�tŚe�aƉoƉtosis�oĨ�
D'Ͳϲϯ͕K^�ceůůs�;ϯϴͿ.�

FIGURE 1 -�^tƌuctuƌe�oĨ�baicaůein.
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�Ǉ�ƌeducinŐ�tŚe�ůeǀeůs�oĨ�cǇcůin��ϭ�and���<ϰ͕�wŚicŚ�inŚib-
its�tŚe�adǀanceŵent�oĨ�tŚe�'ϭ�ƉŚase͕� it�sůowed�tŚe�ŐƌowtŚ�
oĨ�K^�ceůůs.��Ǉ�decƌeasinŐ�tŚe�ůeǀeůs�oĨ�cǇcůin��ϭ�and���<ϰ͕�
it�inŚibited�tŚe�ŐƌowtŚ�oĨ�K^�ceůůs�bǇ�inŚibitinŐ�ceůů�cǇcůe�Ɖƌo-
Őƌession�at�tŚe�'ϭ�ƉŚase�oĨ�diǀision�;dab.�ϮͿ�;ϯϵͿ.

Baicalin for neuroprotection and cognitive 
enhancement

�ůǌŚeiŵeƌ s͛� disease� is� ƌesƉonsibůe� Ĩoƌ� tŚe� ŵoƌe� tŚan�
Ϯϱ�ŵiůůion�cases�oĨ�deŵentia�tŚat�eǆist�todaǇ.��otŚ�in�indus-
tƌiaůiǌed� and�deǀeůoƉinŐ�nations͕��ůǌŚeiŵeƌ s͛� disease�Śas� a�
substantiaů� iŵƉact� on� tŚose�wŚo� aƌe� aīected͕� tŚe� caƌeŐiǀ-
eƌs͕�and�societǇ�;ϰϬͿ.�Kne�oĨ�tŚe�ceůůuůaƌ�disoƌdeƌs�ŚǇƉotŚe-
siǌed�to�be�ƌesƉonsibůe�Ĩoƌ�tŚe�ůoss�oĨ�neuƌons�in��ůǌŚeiŵeƌ s͛�
disease� is� aŐŐƌeŐation�oĨ��𝛽 ;ϰϭͿ.��aicaůein�eǆŚibits�neuƌo-
Ɖƌotectiǀe� Ƌuaůities� aŐainst� aŵǇůoid� ;�EͿ� Ĩunctions� bǇ� Ɖƌe-
ǀentinŐ��E�Ĩƌoŵ�aŐŐƌeŐatinŐ�in�W�ϭϮ�neuƌonaů�ceůůs�to�cause�
A𝛽 Ͳinduced�cǇtotoǆicitǇ� ;ϰϮͿ.��Ǉ�actiǀatinŐ�'����ƌeceƉtoƌs͕�
baicaůein�encouƌaŐes�nonͲaŵǇůoidoŐenic�ƉƌocessinŐ�oĨ��WW͕ �
wŚicŚ� ůoweƌs� tŚe�Őeneƌation�oĨ��𝛽 and�enŚances�coŐnitiǀe�
Ĩunction� ;ϰϯͿ.� �aicaůein� deŵonstƌated� a� Ɖotent� inŚibitoƌǇ�
eīect�on��𝛽 Ͳinduced�ceůů�deatŚ�;ϰϯ͕ϰϰͿ.

dŚe�Ɖƌeǀaůence�oĨ�WaƌŬinson s͛�disease� ůooŬs� to�be�ƌisinŐ�
witŚ�aŐe͕�and�it�is�a�Őůobaů�conceƌn.�Daůes�aƌe�aīected�bǇ�tŚe�
disease�ϭ.ϱͲϮ�tiŵes�ŵoƌe�ĨƌeƋuentůǇ�tŚan�Ĩeŵaůes�woƌůdwide.�

dŚe�Ɖƌeǀaůence�oĨ�WaƌŬinson s͛�disease�aƉƉeaƌs�to�be�ŚiŐŚeƌ�in�
testeƌn�nations�tŚan�in��sian�nations�;ϰϱͿ.��ŵǇůoidͲsƉeciĮc�
Ɖƌoteins�aŐŐƌeŐate� to�cause�WaƌŬinson s͛�disease.� /n�𝛽 -sheet 
Įbƌiůůaƌ�aŐŐƌeŐate͕�Ĩoƌŵed�bǇ�seǀeƌaů�Ɖƌoteins�incůudinŐ�ɲͲsǇn�
aŵǇůoid�Ɖƌoteins�aƌe�esƉeciaůůǇ�Ɖƌeǀaůent.�dŚe�ŵain�constitu-
ent�oĨ�>ewǇ�bodies�is�abnoƌŵaůůǇ�Ĩoůded�aŐŐƌeŐates�oĨ�ɲͲsǇn͕�
wŚicŚ�ŵaniĨest� as� intƌaceůůuůaƌ� incůusions� in� niŐƌaů� doƉaŵi-
neƌŐic�neuƌons�in�tŚe�bƌains�oĨ�WaƌŬinson s͛�disease�Ɖatients�
;ϰϲͿ.��s�a�ƌesuůt͕�ɲͲsǇn�ƌeƉƌesents�a�ǀiabůe�tŚeƌaƉeutic�taƌŐet�
Ĩoƌ�WaƌŬinson s͛�disease�tƌeatŵent�to�stoƉ�tŚe�disease�ŐƌowtŚ�
and�sƉƌead�;ϰϳͿ.��aicaůein�Ĩunctions�bǇ�iŵƉedinŐ�tŚe�aŐŐƌe-
Őation�oĨ�diseaseͲsƉeciĮc�ɲͲsǇn�Ɖƌotein.��otŚ�baicaůein�and�
its� oǆidiǌed� counteƌƉaƌt� Ɖƌeǀent� tŚe� Ɖƌoduction� oĨ� ɲͲsǇn�
Įbƌiůs�at�ůoweƌ�ŵicƌoŵoůaƌ�ůeǀeůs.�Doƌeoǀeƌ͕ �baicaůein�deŵ-
onstƌated�tŚe�caƉacitǇ� to�disinteŐƌate�tŚe�ƉƌeeǆistinŐ�ɲͲsǇn�
Įbƌiůs�;ϰϴͿ.��dditionaůůǇ͕ �bǇ�eůiŵinatinŐ�iEK^�Ɖƌotein͕�ŵZE�͕�
and�Ɖƌoŵoteƌ�actiǀitǇ�in�endotoǆin/cǇtoŬineͲinduced�ŵicƌoŐ-
ůia͕� baicaůein� eīectiǀeůǇ� ƌeduced� EK� Őeneƌation� and� iEK^�
Őene�eǆƉƌession�;ϰϵͿ.

^tƌoŬe� ƌanŬs� second� ŐůobaůůǇ� in� teƌŵs� oĨ� ŵoƌtaůitǇ� and�
tŚiƌd�ŐůobaůůǇ� in�teƌŵs�oĨ�disabiůitǇ͕ �witŚ�iscŚeŵic�Śeaƌt�dis-
ease� coŵinŐ� in� Įƌst� in� botŚ� cateŐoƌies� ;ϱϬͿ.� �ccoƌdinŐ� to�
tŚe� /ndian�'ůobaů��uƌden�oĨ��isease�^tudǇ͕ �wŚicŚ�was�con-
ducted�between�ϭϵϵϬ�and�ϮϬϭϵ͕� stƌoŬe�was� /ndia s͛� ůeadinŐ�
cause�oĨ�botŚ� Ĩataůities� Ĩƌoŵ�neuƌoůoŐicaů� iůůnesses�and�dis-
abiůitǇͲadũusted� ůiĨe� Ǉeaƌs� ;��>zsͿ� ;ϱϭͿ.� /n� iscŚeŵic� stƌoŬe͕�

TABLE 2 -�/n�ǀitƌo studies�oĨ�baicaůin/baicaůein�aŐainst�ǀaƌious�tǇƉes�oĨ�canceƌ

Plant compound Name of cancers Cell lines Cell cycle 
phase arrest

Mechanism References

Scutellaria baicalensis Georgi

Baicalein

Oroxylum indicum

Lung cancer CH27 G1/S ↑sed cyclin E and ↓ 
sed levels of CDK4 and 
cyclin D1

(18)

Breast cancer MCF-7 G2/S Blocked 17-estradiol-
induced transactivation 
of the estrogen receptor

(20)

Gastric cancer SGC-7901 S ↓sed Bcl-2 and ↑sed 
Bax

(22)

Hepatic cancer Hep G2 and Hep 
J2

S Activation of CDK 
inhibitors like p21 or p27

(23)

Pancreatic cancer PANC-1 G0/G1 ↑sed Bax and ↓sed Bcl-
2 and Mcl-1

(26)

Colorectal cancer HCT-116 S Activation of Caspase 3 
and 9

(28)

Prostate cancer LNCaP G1/S ↓sed cyclin D1, cyclin 
D3, and pRB protein

(29)

Bladder cancer TSGH831 and 
BFTC905

G2/M Altering cyclin B1 and 
phospho-Cdc2

(31)

Ovarian cancer OVCAR-3 and 
CP-70

G1/S ↓sed VEGF, HIF-1, 
c-Myc, NF-kB, and 
MMP-2

(34)

Osteosarcoma MG-63 G1 Activating BNIP3 and 
↓sed cyclin D1 and 
CDK4

(39)
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neuƌoƉƌotection� is� acŚieǀed� bǇ� inŚibitinŐ� iEK^� actiǀitǇ� oƌ�
bǇ�iEK^�Őene�deůetion.�Eeuƌoeǆcitotoǆic�and�iscŚeŵic�tƌau-
ŵas�cause�tŚe�Ɖƌoduction�oĨ��KyͲϮ.�^ƉeciĮc��KyͲϮ�inŚibitoƌs�
ƌeduce�bƌain�daŵaŐe�bƌouŐŚt�on�bǇ�ůocaůiǌed�iscŚeŵia.�dŚe�
oƉtiŵaů� ŵetŚod� Ĩoƌ� tƌeatinŐ� ceƌebƌaů� iscŚeŵiaͲƌeƉeƌĨusion�
;//ZͿ� inũuƌǇ� inǀoůǀes� taƌŐetinŐ� tŚe� E&Ͳʃ�� ƉatŚwaǇ͕ � accoƌd-
inŐ� to� nuŵeƌous� eǆƉeƌts.� �aicaůein� tŚeƌaƉǇ� siŐniĮcantůǇ�
decƌeased�tŚe�eǆƉƌession�oĨ��KyͲϮ�and�iEK^͕�as�weůů�as�W'�Ϯ�
and� E&Ͳʃ�͕� indicatinŐ� a� Ɖƌotectiǀe� eīect� aŐainst� ceƌebƌaů�
//Z�inũuƌǇ.��ecause�baicaůein�bůocŬs�inŇaŵŵatoƌǇ�ŵediatoƌs�
incůudinŐ�>KyͲϭ͕��KyͲϮ͕�W'�Ϯ͕�and�E&Ͳʃ�͕� it�ŵaǇ�Śaǀe�antiͲ
inŇaŵŵatoƌǇ� and� antioǆidant� eīects� tŚat� contƌibute� to� its�
caƉacitǇ�to�Ɖƌeǀent�ceƌebƌaů�//Z�;ϱϮͿ.��aicaůein�tŚeƌaƉǇ�ŵaƌŬ-
edůǇ�eůeǀated�nucůeaƌ�EƌĨϮ�eǆƉƌession�and��DW<�ƉŚosƉŚoƌǇ-
ůation�in�tŚe�iscŚeŵic�ceƌebƌaů�coƌteǆ�;ϱϯͿ.��eůů�daŵaŐe�and�
a�ƌise� in�oǆidatiǀe�stƌess�aƌe�caused�bǇ�an�eǆcess�oĨ�ZK^�oƌ�
bǇ�tŚe�ŵaůĨunctioninŐ�oĨ�antioǆidant�enǌǇŵes.��asic�ůeucine�
ǌiƉƉeƌ� tƌanscƌiƉtion� Ĩactoƌ� EƌĨϮ� contƌoůs� tŚe� eǆƉƌession� oĨ�
tŚe�Őene�tŚat�detoǆiĮes�ZK^�as�weůů�as�tŚe�antioǆidant�Őene�
;ϱϰ͕ϱϱͿ.

�ƉiůeƉsǇ�is�a�cŚƌonic͕�noncoŵŵunicabůe�bƌain�iůůness�tŚat�
aīects�ƉeoƉůe�oĨ�aůů�aŐes.�Kne�oĨ�tŚe�ŵost�Ɖƌeǀaůent�neuƌo-
ůoŐicaů� conditions͕� eƉiůeƉsǇ� aīects� about� ϱϬ�ŵiůůion� ƉeoƉůe�
woƌůdwide.�Doƌe� tŚan� ϴϬй� oĨ� ƉeoƉůe� in� ůowͲ� and�ŵiddůeͲ
incoŵe�countƌies�Śaǀe�eƉiůeƉsǇ.�&e�ů3Ͳinduced�ƉostͲtƌauŵatic�
eƉiůeƉtic�seiǌuƌes�aƌe�a�siŐniĮcant�tǇƉe�oĨ�acƋuiƌed�eƉiůeƉtic�
seiǌuƌes� ;ϱϲͿ.� �aicaůein� suƉƉƌessed� ĨeƌƌoƉtosis� associated�
witŚ� ϭϮ/ϭϱͲ>Ky͕� Śence� ůesseninŐ� tŚe� seǀeƌitǇ� oĨ� ƉostͲtƌau-
ŵatic�eƉiůeƉtic�eƉisodes�Őeneƌated�bǇ�&e�ů3 ;ϱϳͿ.�,dϮϮ�ceůůs�
weƌe�daŵaŐed�bǇ�ĨeƌƌoƉtosis͕�wŚicŚ�is�ŵitiŐated�bǇ�baicaůein�
ŵaǇ�be�due�to�its�ůiƉid�Ɖeƌoǆidation�inŚibitoƌ�;&iŐ. ϮͿ�;ϱϴͿ.

Respiratory protective action of baicalein

�Śƌonic� ƌesƉiƌatoƌǇ� conditions� aƌe� aŵonŐ� tŚe� woƌůd s͛�
ůeadinŐ� causes� oĨ�ŵoƌbiditǇ� and�ŵoƌtaůitǇ.� dŚeǇ� aīect� tŚe�
ůunŐ s͛� aiƌwaǇs�and�otŚeƌ� stƌuctuƌaů� coŵƉonents.��stŚŵa� is�
tŚe�ŵost� Ɖƌeǀaůent� cŚƌonic� ƌesƉiƌatoƌǇ� iůůnesses.� dŚeƌe� aƌe�
aůƌeadǇ� aƉƉƌoǆiŵateůǇ� ϯϬϬ� ŵiůůion� astŚŵatics� woƌůdwide͕�
and�bǇ�ϮϬϮϱ͕�tŚat�ĮŐuƌe�ŵaǇ�ƌise�bǇ�an�additionaů�ϭϬϬ�ŵiůůion.�
�stŚŵa� is� a� ůonŐͲteƌŵ� inŇaŵŵatoƌǇ� iůůness� oĨ� tŚe� aiƌwaǇs�
cŚaƌacteƌiǌed�bǇ�tŚicŬeninŐ�oĨ�tŚe�aiƌwaǇ�waůů͕�ŚǇƉeƌͲƌesƉon-
siǀeness�and�ƌeŵodeůinŐ�oĨ�tŚe�aiƌwaǇs͕�Ɖooƌ�ƌeůaǆation͕�and�
Ɖeƌsistent�bůocŬaŐe�oĨ�aiƌŇow�bǇ�tŚe�sŵootŚ�ŵuscůe�oĨ�tŚe�
aiƌwaǇs� ;ϱϵͲϲϭͿ.� ,ǇƉeƌsecƌetion� oĨ� aiƌwaǇ�ŵucus� is� one� oĨ�
tŚe�ŬeǇ Ĩeatuƌes�oĨ�astŚŵa�ƉatŚoƉŚǇsioůoŐǇ.��aicaůein�tŚeƌ-
aƉǇ� sŚowed� dƌaŵaticaů� decƌease� in� Dh�ϱ��� and� Dh�ϱ��
ŵZE�� eǆƉƌession� ůeǀeůs� in� tŚe� subŵucosaů� Őůands� and� tŚe�
eƉitŚeůiuŵ͕�ƌesƉectiǀeůǇ͕ �wŚicŚ�weƌe�siŐniĮcantůǇ�Őƌeateƌ� in�
astŚŵa.��aicaůein�aůso�eǆŚibits�antiͲastŚŵatic�ƉƌoƉeƌties�bǇ�
inŚibitinŐ�tuŵoƌ�necƌosis�Ĩactoƌ�;dE&ͿͲɲͲinduced�E&Ͳʃ� acti-
ǀation� in� noƌŵaů� bƌoncŚiaů� eƉitŚeůiaů� ;���^ͲϮ�Ϳ� ceůůs� ;ϲϮͿ͕�
wŚicŚ�was�ŵostůǇ� eǆƉƌessed� bǇ� downstƌeaŵ� iEK^� Ɖƌoduc-
tion͕� /ʃ�ɲ ƉŚosƉŚoƌǇůation� and� deŐƌadation͕� and� nucůeaƌ�
tƌansůocation�oĨ�Ɖϲϱ�;ϲϯͿ.

�notŚeƌ� stƌuctuƌaů� cŚanŐe� associated� witŚ� astŚŵa� Śas�
been� descƌibed� as� incƌeased� eǆtƌaceůůuůaƌ� ŵatƌiǆ� ;��DͿ�
deƉosition.�dŚe�ƉƌiŵaƌǇ���D�Ɖƌoduceƌs�in�tŚe�ůunŐ�aƌe�ŵǇo-
Įbƌobůasts�and�Įbƌobůasts.��uƌinŐ�aůůeƌŐic�aiƌwaǇ�inŇaŵŵa-
tion͕�ŵǇoĮbƌobůasts� deƉosit� coůůaŐen� tǇƉes� /� and� ///.� ��D s͛�
constituents͕�esƉeciaůůǇ�coůůaŐens͕�aƌe�bƌoŬen�down�and�con-
tƌoůůed�bǇ�DDWs͕�wŚicŚ�aƌe�secƌeted�bǇ�Įbƌobůasts.�/n�aůůeƌŐic�
astŚŵa͕�DDWͲϵ͕�tŚe�ŵain�aiƌwaǇ�DDW͕ �is�uƉƌeŐuůated͕�wŚicŚ�

FIGURE 2 -� �aicaůein� ƌeŐuůa-
tinŐ� a�wide� ƌanŐe� oĨ� siŐnaůinŐ�
ƉatŚwaǇs� ůinŬed� to� tŚe� etio-
ůoŐǇ� oĨ� ŵuůtiƉůe� deŐeneƌatiǀe�
conditions.
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ƌesuůts�in�aiƌwaǇ�ƌeŵodeůinŐ�;ϲϰͿ.��ccoƌdinŐ�to�ƌecent�stud-
ies͕� baicaůein� adŵinistƌation� ƌeduces� tŚe� oǀaůbuŵin� ;Ks�ͿͲ
induced�eǆƉƌession�oĨ�coůůaŐen�/�and�DDWͲϵ�;ϲϱͿ.

Cardioprotective action of baicalein

'ůobaůůǇ͕ �caƌdioǀascuůaƌ�disease�;�s�Ϳ�is�one�oĨ�tŚe�ŵaũoƌ�
causes�oĨ�ŵoƌbiditǇ�and�ŵotiůitǇ.�/n�Ɖast�Ĩew�decades͕�cŚanŐes�
in�ůiĨestǇůe�and�socioeconoŵic�conditions�tŚat�Śaǀe�an�iŵƉact�
on�tŚe�ƉƌoŐƌession�oĨ��s�s�Śaǀe�been�obseƌǀed.�,ǇƉeƌtension�
is�a�siŐniĮcant�contƌibutoƌ�to��s��and�Ĩataůities�ŐůobaůůǇ͕ �Ɖaƌ-
ticuůaƌůǇ�in�ůowͲ�and�ŵiddůeͲincoŵe�nations.��s�Ɖeƌ�tŚe�ϮϬϭϳ�
Őuideůines� Ĩƌoŵ� tŚe� �ŵeƌican� �oůůeŐe� oĨ� �aƌdioůoŐǇ� and�
�ŵeƌican� ,eaƌt� �ssociation͕� ŚǇƉeƌtension� is� deĮned� as� a�
sǇstoůic�bůood�Ɖƌessuƌe�oǀeƌ�ϭϯϬ�ŵŵ�,Ő�oƌ�a�diastoůic�bůood�
Ɖƌessuƌe�aboǀe�ϴϬ�ŵŵ�,Ő�;ϲϲͲϳϬͿ.��aicaůin�assisted�in�ůoweƌ-
inŐ�ŚiŐŚͲsensitiǀitǇ��Ͳƌeactiǀe�Ɖƌotein�;�ZWͿ͕�inteƌůeuŬin�;/>ͿͲϲ͕�
and� />Ͳϭ� ůeǀeůs� in� tŚe� seƌuŵ͕�wŚicŚ� seƌǀed� to� ĨoƌcibůǇ� ůoweƌ�
bůood�Ɖƌessuƌe� ;ϳϭͿ.��aicaůin� aůteƌed� tŚe�eǆƉƌession�oĨ�ŵiZͲ
ϭϰϱ�and� incƌeased�dE&Ͳɲ� ůeǀeůs� in�Śuŵan�aoƌtic�endotŚeůiaů�
ceůůs� ;,���sͿ͕� tŚeƌebǇ� ƌeducinŐ� tŚe� inŇaŵŵatoƌǇ� eīects� oĨ�
dE&Ͳɲ�;ϳϮͿ.�

�nŐiotensin� //� ;�nŐ� //Ϳ� ŵaǇ� actiǀate� aƉoƉtosisͲƌeůated�
Ɖƌoteins͕�encouƌaŐe� tŚe�Ɖƌoduction�oĨ�ZK^͕�and� inŚibit� tŚe�
sǇntŚesis�oĨ�EK͕�wŚicŚ�ƌesuůts�in�endotŚeůiaů�dǇsĨunction�tŚat�
ŵaǇ�ůead�to�ŚǇƉeƌtension.�dŚeƌeĨoƌe͕�ůoweƌinŐ�ceůů�aƉoƉtosis͕�
suƉƉƌessinŐ�oǆidatiǀe�stƌess͕�and�ƉƌeǀentinŐ��nŐ� //Ͳinduced�
endotŚeůiaů�dǇsĨunction�aƌe�eīectiǀe�waǇs�to�tƌeat�ŚǇƉeƌten-
sion.��aicaůin�Śas�been�sŚown�in�a�studǇ�utiůiǌinŐ�tŚe�Śuŵan�
uŵbiůicaů�ǀein�endotŚeůiaů�ceůů�;,hs��Ϳ�ŵodeů�oĨ��nŐ�//�inũuƌǇ�
to�siŐniĮcantůǇ� ƌeduce�oǆidatiǀe�stƌess�and�endotŚeůiaů�dǇs-
Ĩunction�caused�bǇ��nŐ�//.�dŚe�ƉƌiŵaƌǇ�stƌateŐies�eŵƉůoǇed�
to� Ɖƌoduce� tŚese� beneĮciaů� eīects� incůude�ŵoduůatinŐ� tŚe�
eǆƉƌession� oĨ� �aǆ͕� �cůͲϮ͕� and� cůeaǀed� casƉaseͲϯ͕� actiǀatinŐ�
tŚe� ���Ϯ/�nŐͲ;ϭͲϳͿ/ŵas� aǆis͕� and� uƉƌeŐuůatinŐ� tŚe� W/ϯ</
�<d/eEK^�ƉatŚwaǇ.�dŚeǇ�aůso�Ĩound�tŚat�baicaůin�ƌaised�EK�
ůeǀeů�and�totaů�antioǆidant�caƉacitǇ͕ �and�decƌeased�ŵaƌŬeƌs�
oĨ�oǆidatiǀe�stƌess�sucŚ�as�ŵaůondiaůdeŚǇde�;D��Ϳ�and�ZK^�
;ϳϯ͕ϳϰͿ.� /t�was�aůso�sŚown�tŚat�tŚe�coŵbination�oĨ�baicaůin�
and�beƌbeƌine� ƌeůaǆed�bůood�aƌteƌies�bǇ�actinŐ�on� tŚe�ǀoůt-
aŐeͲdeƉendent� �aϮн� cŚanneů� ;s���Ϳ� ;ϳϱͿ.� �Ǉ� boostinŐ�
endoŐenous�EK�sǇntŚesis͕�wŚicŚ�is�Ɖƌoduced�bǇ�tŚe�enǌǇŵe�
endotŚeůiaů� nitƌic� oǆide� sǇntŚase� ;eEK^Ϳ͕� baicaůin�ŵaǇ� aůso�
ůoweƌ�bůood�Ɖƌessuƌe�;ϳϲͿ.

,eaƌt�Ĩaiůuƌe�is�a�coŵƉůicated�cůinicaů�condition�tŚat�aƌises�
wŚen� tŚe� Śeaƌt� is� unabůe� to� ƉuŵƉ� enouŐŚ� bůood� to�ŵeet�
tŚe�bodǇ s͛�needs.�/t�aƌises�Ĩƌoŵ�anǇ�aiůŵent�tŚat�iŵƉacts�tŚe�
ǀentƌicůes͛� abiůitǇ� to� Įůů� oƌ� tŚe� bůood s͛� abiůitǇ� to� be� eũected�
into�tŚe�sǇsteŵic�ciƌcuůation�;ϳϳͿ.��aicaůin�seeŵs�to�be�ǀeƌǇ�
useĨuů�in�tƌeatŵent�oĨ��,&�as�it�Śas�an�antiͲĮbƌosis�ƉƌoƉeƌtǇ.�
�aicaůin�ŵaǇ�be�abůe�to�tƌeat�ŵǇocaƌdiaů�Įbƌosis�bǇ�inŚibitinŐ�
tŚe�eǆƉƌession�oĨ�tŚe�Įbƌosis�Őenes�;tǇƉe�/�and�///�coůůaŐenͿ�
and�connectiǀe�tissue�ŐƌowtŚ�Ĩactoƌ�;�d'&Ϳ.��aicaůin�can�eĸ-
cientůǇ� induce� endotŚeůiaů� ceůů�ŵiŐƌation� and� ŐƌeatůǇ� boost�
tŚe�eǆƉƌession�oĨ�s�'&�wŚen�tŚe�concentƌation�is�between�
ϭϬ�and�ϱϬ�Ő/ŵ>͕�wŚicŚ�aids�in�ƉƌoŵotinŐ�anŐioŐenesis.�dŚis�
outcoŵe�can�be�acŚieǀed�bǇ�oǀeƌͲactiǀatinŐ�tŚe��ZZ/W'�Ͳϭa�
ƉatŚwaǇ� ;ϳϴͿ.� �aicaůin� aůso� decƌeased� casƉaseͲϯ� and� tŚe�
�aǆ/�cůͲϮ�ƌatio͕�wŚicŚ�ůoweƌed�aƉoƉtosis.�dŚis�suŐŐests�tŚat�

aƉoƉtosis�inŚibition�couůd�ůessen�adǀeƌse�ƌeŵodeůinŐ�and�tŚe�
eǀentuaů�deǀeůoƉŵent�oĨ�Śeaƌt�Ĩaiůuƌe�;ϳϵͿ.

Gastroprotective activity of baicalein

WeƉtic� uůceƌ� disease� ;Wh�Ϳ͕� as� deteƌŵined� bǇ� ŚosƉi-
taůiǌation� statistics� and� diaŐnosed� bǇ� ƉŚǇsicians͕� Śad� an�
incidence� ƌate� oĨ� Ϭ.ϬϯйͲϬ.ϭϳй� and� Ϭ.ϭϬйͲϬ.ϭϵй� Ɖeƌ� Ǉeaƌ͕ �
ƌesƉectiǀeůǇ.� �ůtŚouŐŚ� ŵost� ƌeseaƌcŚ� indicated� tŚat� Wh��
incidence�oƌ�Ɖƌeǀaůence�Śad�decƌeased�oǀeƌ�tiŵe͕�stiůů� it� is�a�
seƌious� and� ůiĨeͲtŚƌeateninŐ�disease� ;ϴϬͿ.��cetǇůsaůicǇůic� acid�
;�^�Ϳ͕� Helicobacter pylori� inĨection͕� and� nonͲsteƌoidaů� antiͲ
inŇaŵŵatoƌǇ� dƌuŐs� ;E^�/�sͿ� aƌe� tŚe�ŵaũoƌ� causes� oĨ� Wh�.�
tŚiůe�tŚeƌe�Śas�been�a�siŐniĮcant� iŵƉƌoǀeŵent� in�H. pylori 
inĨection� tŚeƌaƉǇ� ƌecentůǇ͕ � �^�� and� E^�/�� ƉƌescƌiƉtions�
Śaǀe� Őƌown�witŚin� tŚe� saŵe�tiŵe� Ĩƌaŵe� ;ϴϭͿ.� �ccoƌdinŐ� to�
ƌeƉoƌts͕�inŚibitinŐ�Őastƌic�acid�outƉut�and�eǆŚibitinŐ�a�ƌeduc-
tion�in�Őastƌic�ŵucosaů�daŵaŐe�aƌe�botŚ�eīects�oĨ�actiǀatinŐ�
ɲϮͲadƌeneƌŐic� ƌeceƉtoƌs� ;ϴϮͿ.� dŚe� ŐastƌoƉƌotectiǀe� ƉƌoƉeƌ-
ties�oĨ�baicaůein�ŵaǇ�be�ŵediated�tŚƌouŐŚ�tŚese�ƌeceƉtoƌs.�/n�
contƌast� to�tŚe�Ĩoƌŵation�oĨ� Ĩƌee�ƌadicaůs͕�ŐůutatŚione�;'^,Ϳ�
Ɖƌotects� tŚe� stoŵacŚ� ŵucosa� Ĩƌoŵ� daŵaŐe� ;ϴϮͿ.� �aicaůein�
was� Ĩound� to�eǆeƌt�Ɖƌotectiǀe�eīects� ǀia� ƌaisinŐ� tŚe�tissue s͛�
'^,� concentƌation͕� siŐnaůinŐ� to� an� antioǆidant� ŵecŚanisŵ�
;ϴϯͿ.��aicaůein�eǆŚibited�cǇtoƉƌotectiǀe�eīects�bǇ�inducinŐ�tŚe�
secƌetion�oĨ�ŵoƌe�Őastƌic�ŵucus͕�actinŐ�as�an�antiͲsecƌetoƌǇ�bǇ�
suƉƉƌessinŐ� ŚǇdƌoŐenͲƉotassiuŵͲ�dWase� actiǀitǇ͕ � and� actinŐ�
as�an�antioǆidant�bǇ�ƌaisinŐ�'^,�ůeǀeůs�;ϴϯͿ.��Ǉ�ƌaisinŐ�tŚe�^,�
coŵƉound͕�wŚicŚ�natuƌaůůǇ�ƌeŐuůates�ŵucus�Ɖƌoduction͕�and�
tŚe�EK�ůeǀeů͕�wŚicŚ�is�inǀoůǀed�in�ŵaintenance�oĨ�tŚe�inteŐƌitǇ�
oĨ�tŚe�Őastƌic�ŵucosa͕�and�ƌeŐuůates�tŚe�secƌetions�ůiŬe�acid͕�
aůŬaůine͕�ŵucus͕�and�bůood�Ňow� in�Őastƌic�ŵucosa͕�baicaůein�
deŵonstƌated� a� ŐastƌoƉƌotectiǀe� eīect� aŐainst� ůesions� ;ϴϯͿ.�
dŚe�stoŵacŚ�ŵucosa�sŚowed�siŐniĮcant�ƌeductions�in�D��͕�
/>Ͳϴ͕�and�dE&Ͳɲ�contents͕�as�weůů�as� incƌeases� in� suƉeƌoǆide�
disŵutase� ;^K�Ϳ� actiǀitǇ� and� ŐůutatŚione� Ɖeƌoǆidase� ;'WǆͿ�
ůeǀeů� due� to� inŚibition�oĨ� inŇaŵŵation� and�ZK^� scaǀenŐinŐ�
actions�oĨ�tŚe�baicaůeinͲ�n�coŵƉůeǆ�;ϴϰͿ.

Hepatoprotective activity of baicalein

toƌůdwide͕�tŚe�Ɖƌeǀaůence�and�incidence�oĨ�nonaůcoŚoůic�
ĨaƩǇ� ůiǀeƌ� disease� ;E�&>�Ϳ͕� tŚe�ŵain� cause� oĨ� ůiǀeƌͲƌeůated�
ŵoƌbiditǇ� and� ŵoƌtaůitǇ͕ � Śaǀe� incƌeased� as� a� ƌesuůt� oĨ� tŚe�
obesitǇ�eƉideŵic�;ϴϱͿ.�Den�and�aŐinŐ�botŚ�incƌease�tŚe�ƌisŬ�
oĨ�E�&>��and�Įbƌosis.��esƉite�tŚe�Ĩact�tŚat�obesitǇ�is�a�ŵaũoƌ�
ƌisŬ�Ĩactoƌ�Ĩoƌ�E�&>�͕�cuƌƌent�studies�Śaǀe�ƌeǀeaůed�tŚat�sůiŵ�
indiǀiduaůs� can� aůso� deǀeůoƉ� tŚe� condition� ;ϴϲͿ.� E�&>�� is�
deĮned�as� tŚe�condition� in�wŚicŚ�ϱй�oƌ�ŵoƌe�ŚeƉatic�ceůůs�
deǀeůoƉ�ŵacƌoͲǀesicuůaƌ�steatosis͕�wŚen�tŚeƌe�is�no�second-
aƌǇ�etioůoŐǇ�ůiŬe�aůcoŚoů�oƌ�dƌuŐs�;ϴϲͿ.��n�eǆcessiǀe�buiůduƉ�oĨ�
ůiƉids�in�tŚe�ůiǀeƌ�ƌesuůts�Ĩƌoŵ�tŚe�incƌeased�ŚeƉatic�ůiƉoŐen-
esis�and�seƌuŵ�nonͲesteƌiĮed�ĨaƩǇ�acids͕�wŚicŚ�causes�ĨaƩǇ�
ůiǀeƌ͕ �decƌeased�ůiǀeƌ�Ĩunction͕�and�uůtiŵateůǇ�ůiǀeƌ�Ĩaiůuƌe�;ϴϳͿ.�
�aicaůein� Śas� seǀeƌaů� eīects� aŐainst� &>�͕� suŐŐestinŐ� tŚat� it�
ŵaǇ�be�used�tŚeƌaƉeuticaůůǇ.�/n�oƌdeƌ�to�iŵƉƌoǀe�ůiƉid�ŵetab-
oůisŵ�and�ƌeduce�ŚeƉatic�de�noǀo�ůiƉoŐenesis͕�baicaůein�inŚib-
its� tŚe� �aϮн/�aDͲdeƉendent� Ɖƌotein� Ŭinase/�DWͲactiǀated�
Ɖƌotein� Ŭinase/acetǇůͲ�o�� caƌboǆǇůase� ;�aD<</�DW</���Ϳ�



dŚeƌaƉeutic�/nsiŐŚts�into��aicaůein36  

© 2024 The Authors. Drug Target Insights - ISSN 1177-3928 - www.aboutscience.eu/dti

ƉatŚwaǇ�;ϴϴͿ.��aicaůein�aůso�Śas�tŚe�caƉacitǇ�to�ƌeduce�ůiǀeƌ�
Įbƌosis͕�oǆidatiǀe�stƌess͕�and�sǇsteŵic�inŇaŵŵation�in�&>�.�/n�
oƌdeƌ�to�ƌeǀeƌse�Įbƌosis͕�baicaůein�conseƋuentůǇ�inŚibits�tŚe�
sǇntŚesis�oĨ�coůůaŐen�;tǇƉe�/�and�ɲͲϭͿ�cŚain�and�tƌansĨoƌŵinŐ�
ŐƌowtŚ� Ĩactoƌ� ;d'&ͿͲɴϭ� ;ϴϴ͕ϴϵͿ.� �dditionaůůǇ͕ � it� inŚibits� tŚe�
d'&Ͳϭ/^ŵadϯ�ƉatŚwaǇ�in�ǀitƌo�to�ƌeǀeƌse�tŚe�eƉitŚeůiaůͲŵes-
encŚǇŵaů� tƌansition�and� stoƉ� tŚe�ƉƌoŐƌession�oĨ� ůiǀeƌ�Įbƌo-
sis� ;ϵϬͿ.� �aicaůein� aůso� Śas� an� indiƌect� antioǆidant� eīect� bǇ�
decƌeasinŐ�D���ůeǀeůs�wŚiůe�incƌeasinŐ�ŚeƉatic�'^,�and�^K��
;ϵϭͿ.��Ǉ�inŚibitinŐ�tŚe�d'&Ͳɴ/^ŵad�ƉatŚwaǇ͕ �baicaůein�sůowed�
down� tŚe�eƉitŚeůiaůͲŵesencŚǇŵaů� tƌansition.��dditionaůůǇ͕ � it�
decƌeased� ŚiŐŚ� ůeǀeůs� oĨ� inŇaŵŵatoƌǇ� Ĩactoƌs� sucŚ� dE&Ͳɲ͕�
/>Ͳϭ� and� Ͳϲ͕� inŚibited� tŚe� aƉoƉtotic� Ɖƌoteins� casƉaseͲϯ� and�
Ͳϵ͕�and��Ͳceůů�ůǇŵƉŚoŵaͲϮ͕�and�Śindeƌed�tŚe�/ʃ��Ŭinase//ʃ�/
E&Ͳʃ��ƉatŚwaǇ.�dŚese�aůů�ŚeůƉed�to�ůessen�ůiǀeƌ�disoƌdeƌs�;ϵϮͿ.�
�ecause�oĨ�its�inŚibitoƌǇ�inŇuence�on�tŚe�Ɖƌoduction�oĨ�ƉͲƉϯϴ͕�
D�W<͕�ƉͲ�Z��͕�&oǆKϭ͕�W'�Ͳϭ͕�W�W�<͕�and�'ϲWase͕�baicaůein�
consideƌabůǇ�ƌeduces�insuůin�concentƌations�bƌouŐŚt�on�bǇ�a�
ŚiŐŚͲĨat�ŵeaů.�dŚus͕�because�oĨ�its�nuŵeƌous�ƉŚaƌŵacoůoŐicaů�
actions͕�baicaůein�ŵaǇ�Ɖƌeǀent�&>��;ϵϯͿ.

Baicalein action as a renal protective agent

�Śƌonic�ŬidneǇ�disease�;�<�Ϳ�Ɖƌeǀaůence�is�acŬnowůedŐed�
as�a�ŵaũoƌ�Ɖubůic�ŚeaůtŚ�conceƌn�on�a�Őůobaů�scaůe.� /t� is�esti-
ŵated�tŚat�ϭϯ.ϰй�;ϭϭ.ϳйͲϭϱ.ϭйͿ�oĨ�tŚe�Őůobaů�ƉoƉuůation�Śas�
<��and�tŚat�ϰ.ϵϬϮͲϳ.Ϭϴϯ�ŵiůůion�Śaǀe�endͲstaŐe�ŬidneǇ�disease�
;�^<�Ϳ͕�ƌeƋuiƌinŐ�ƌenaů�ƌeƉůaceŵent�tŚeƌaƉǇ�;ϵϰͿ.�

dŚe� incaƉacitǇ� oĨ� tŚe� ŬidneǇs� to� ƉeƌĨoƌŵ� tŚeiƌ� eǆcƌetoƌǇ�
duties͕� wŚicŚ� ƌesuůts� in� tŚe� ƌetention� oĨ� nitƌoŐenous� waste�
Ɖƌoducts�in�tŚe�bůood͕�is�Ŭnown�as�ƌenaů�Ĩaiůuƌe.�<idneǇ�Ĩaiůuƌe�
coŵes�in�two�Ňaǀoƌs͗�acute�and�cŚƌonic�;ϵϱͿ.�Kne�oĨ�tŚe�ŵain�
causes�oĨ�ƌenaů�Ĩaiůuƌe�is�diabetes�ŵeůůitus�;�DͿ͕�wŚicŚ�is�wŚǇ�
ŵanǇ� diabetic� indiǀiduaůs� continue� to� stƌuŐŐůe� witŚ� diabetic�
neƉŚƌoƉatŚǇ� ;�EͿ͕�wŚicŚ� is�a� seƌious�condition� ;ϵϲͿ.�Watients�
witŚ� �E� tǇƉicaůůǇ� Śaǀe� eůeǀated� uƌine� ŵicƌoaůbuŵin͕� uƌine�
ɴϮͲD'͕� and� hƌinaƌǇ� aůbuŵin� eǆcƌetion� ƌate� in� �iabetic� neu-
ƌoƉatŚǇ.��ŵonŐ�tŚese͕�an�incƌease�in�uƌine�ŵicƌoaůbuŵin�and�

uƌinaƌǇ�ϮͲD�� indicates�ƌenaů� tubuůaƌ� inũuƌǇ͕ �wŚiůe�an� incƌease�
in�h��Z�indicates�Őůoŵeƌuůaƌ�inũuƌǇ�;ϵϳͿ.�/t�was�discoǀeƌed�tŚat�
baicaůin�siŐniĮcantůǇ�ƌeduced�tŚe�Ɖatient s͛�uƌine�ϮͲD'͕�h��Z͕�
and�ŵicƌoaůbuŵin�ůeǀeůs.��dditionaůůǇ͕ �it�was�discoǀeƌed�to�con-
sideƌabůǇ�enŚance�tŚe�Ɖatient s͛�ƋuaůitǇ�oĨ�ůiĨe͕�ƌeduce�tŚe�ƌate�
at�wŚicŚ��E�ƉƌoŐƌesses͕�and�enŚance�ŬidneǇ�Ĩunction�;ϵϴͲϭϬϬͿ.�

�cute�ƌenaů�inũuƌǇ�is�a�seƌious�adǀeƌse�eīect�oĨ�tŚe�anti-
canceƌ�dƌuŐ�cisƉůatin.�/ncƌeased�ZK^�Őeneƌation�Ĩƌoŵ�cisƉůa-
tin� daŵaŐes� endoŐenous� intƌaceůůuůaƌ� taƌŐets� ůiŬe� Ɖƌoteins͕�
ůiƉids͕�and��E�͕� ƌesuůtinŐ� in�ceůůuůaƌ�ŵaůĨunction�and�deatŚ�
;ϭϬϭͿ.� �dditionaůůǇ͕ � tŚe� toǆic� eīects� oĨ� cisƉůatin� aƌe� ŵade�
woƌse�bǇ� tŚe�actiǀation�oĨ�ǀaƌious�siŐnaůinŐ�ƉatŚwaǇs͕�sucŚ�
as�D�W<s͕�E&Ͳʃ�͕�and�Ɖϱϯ͕�bǇ�cisƉůatinͲinduced�ZK^�;ϭϭϰͿ.���
ŬeǇ�Ĩactoƌ�in�tŚe�ƉatŚoƉŚǇsioůoŐǇ�oĨ�cisƉůatinͲinduced�ŬidneǇ�
inũuƌǇ�is�tŚe�Ɖƌoduction�oĨ�iEK^�and�stƌonŐ�cǇtotoǆic�ƉeƌoǆǇni-
tƌite� tŚƌouŐŚ� tŚe� inteƌaction� oĨ� suƉeƌoǆide� ƌadicaů� and� EK�
;ϭϬϮͿ.��aicaůein�Śas�been�deŵonstƌated�to�Śaǀe�a�siŐniĮcant�
antioǆidant�iŵƉact.��aicaůein�Śas�been�sŚown�to�adeƋuateůǇ�
ƌeŵoǀe� ƉeƌoǆǇnitƌite� anion� ƌadicaůs� and� inŚibit� ƉeƌoǆǇni-
tƌiteͲinduced�ceůů�deatŚ� in� >>�ͲW<ϭ�ceůůs.�Wƌetƌeatŵent�witŚ�
baicaůein� siŐniĮcantůǇ� decƌeased� tŚese� cŚanŐes.� dŚeƌeĨoƌe͕�
baicaůein s͛�caƉacitǇ�to�ůessen�cisƉůatinͲinduced�neƉŚƌotoǆicitǇ�
is�ƉƌobabůǇ�due͕�at� ůeast� in�Ɖaƌt͕�to�tŚe�aƩenuation�oĨ�ƌenaů�
oǆidatiǀe�and/oƌ�nitƌatiǀe�stƌess�;&iŐ.�ϯͿ�;ϭϬϮͿ.

Baicalein as an antimicrobial agent

�cƌoss�tŚe�woƌůd͕�inĨectious�diseases�aƌe�a�ůeadinŐ�souƌce�
oĨ�ŵoƌbiditǇ� and�ŵoƌtaůitǇ� ;ϭϬϯͿ.� dŚe� eŵeƌŐence� oĨ� dƌuŐͲ
ƌesistant�Ĩoƌŵs�oĨ�bacteƌia�Śas�diŵinisŚed�tŚe�iŵƉact�oĨ�anti-
biotics�on�Őeƌŵs�and�ƌesuůted�in�onŐoinŐ�diĸcuůties͕�desƉite�
notabůe� adǀanceŵents� in� tŚe� tƌeatŵent�oĨ�ŵicƌobiaů� inĨec-
tions�;ϭϬϰͿ.��oŵbination�tŚeƌaƉǇ�was�deǀeůoƉed�in�ƌesƉonse�
to�tŚis�Ɖƌobůeŵ͕�and�as�a�ƌesuůt�oĨ�tŚe�eǆƉandinŐ�Ɖƌeǀaůence�
oĨ� antibiotic� ƌesistance͕� it� Śas� iŵƉƌoǀed� tƌeatŵent� eĸcacǇ�
and�ƉaƌtiaůůǇ�ƌeduced�dƌuŐ�ƌesistance.�&uƌtŚeƌŵoƌe͕�tŚe�bac-
teƌiaů�ƌesistance�to�antibiotics�Śas�ŵotiǀated�tŚe�cƌeation�oĨ�
innoǀatiǀe�antibacteƌiaů�dƌuŐs�Ĩoƌ�tŚe�tƌeatŵent�oĨ�inĨectious�

FIGURE 3 -� dŚe�ŚeaůinŐ�Ɖoten-
tiaů� oĨ� baicaůein� bǇ�ŵoduůatinŐ�
seǀeƌaů�siŐnaůinŐ�ƉatŚwaǇs�ŵiti-
ŐatinŐ�tŚe�sǇŵƉtoŵs�oĨ�ceƌtain�
iůůnesses�sucŚ�as�caƌdiac͕�ƌenaů͕�
ƌesƉiƌatoƌǇ͕�and�Őastƌic.
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disoƌdeƌs.�WeoƉůe�Ĩƌoŵ�ŵanǇ�cuůtuƌes�Śaǀe�used�a�ǀaƌietǇ�oĨ�
Śeƌbaů�ƌeŵedies�Ĩoƌ�ŵanǇ�Őeneƌations͕�and�soŵe�oĨ�tŚese�nat-
uƌaů�ŵedicines�aƌe�cƌuciaů�Ĩoƌ�tŚe�tƌeatŵent�and�Ɖƌeǀention�oĨ�
inĨectious�diseases�;ϭϬϱ͕ϭϬϲͿ.��aicaůein s͛�Ĩunction�as�an�anti-
bacteƌiaů�aŐent� is�cƌuciaů.��aicaůin� inŚibits�ƉƌoͲinŇaŵŵatoƌǇ�
cǇtoŬine� ƌeůease͕� D�W<� actiǀation͕� E&Ͳʃ�� ƉatŚwaǇ� actiǀa-
tion͕� and� E>ZWϯ� to� diŵinisŚ� inŇaŵŵation� in� Ɖeƌiodontaů�
ceůůs.� �Ǉ� ƉƌoŵotinŐ� tŚe� eǆƉƌession�oĨ� inteƌĨeƌon� ƌeŐuůatoƌǇ�
Ĩactoƌ� ;/Z&Ϳϰ� and� inŚibitinŐ� tŚe�eǆƉƌession�oĨ� /Z&ϱ͕� baicaůin�
aůso�ůessens�inŇaŵŵation�bǇ�ƌeŐuůatinŐ�tŚe�tƌansition�oĨ�Dϭ�
to�DϮ�ŵacƌoƉŚaŐes.��aicaůin�inŚibited�E&Ͳʃ��and�Ɖϯϴ�ƉŚos-
ƉŚoƌǇůation� as� weůů� as� ŵZE�� eǆƉƌession͕� wŚicŚ� decƌeases�
ƉƌoͲinŇaŵŵatoƌǇ�cǇtoŬines�dE&Ͳɲ͕�/>Ͳɴ͕�and�/>Ͳϲ�ůeǀeůs�;ϭϬϳͿ.

�acteƌiaů� ŐƌowtŚ� occuƌs� natuƌaůůǇ� as� bioĮůŵs͕� wŚicŚ� aƌe�
abundant�in�tŚe�enǀiƌonŵent�;ϭϬϴͿ.��ioĮůŵ�Ɖƌoduction�ůeads�
to� an� incƌease� in� ƌesistance� to� antibiotics� and� antiŵicƌobiaů�
aŐents.�Yuoƌuŵ� sensinŐ� ;Y^Ϳ͕� a�ŵecŚanisŵ� ƌesƉonsibůe� Ĩoƌ�
tŚe� inteƌceůůuůaƌ� eǆcŚanŐes� oĨ� inĨoƌŵation͕� is� essentiaů� to�
tŚe�Ɖƌoduction�oĨ�bioĮůŵs�;ϭϬϵͿ.��aicaůin�suƉƉƌesses�tŚe�Y^�
sǇsteŵ͕� wŚicŚ� inŚibits� inŇaŵŵatoƌǇ� ƌesƉonses.� �aicaůein�
Śas� been� sŚown� to� Śaǀe� antiŵicƌobiaů� ƉƌoƉeƌties� aŐainst�
Meningococcus͕� Staphylococcus aureus͕� Corynebacterium 
diphtheriae͕�Pseudomonas aeruginosa͕� and� dǇsenteƌǇ� baciů-
ůus.�dŚƌouŐŚ�a�nuŵbeƌ�oĨ�ŵecŚanisŵs͕�sucŚ�as�enŚancinŐ�tŚe�
Śost� iŵŵune� sǇsteŵ͕� ƉƌeǀentinŐ� tŚe� Ĩoƌŵation� oĨ� bioĮůŵs͕�
ůoweƌinŐ�antiŵicƌobiaů�ŵedicine�ƌesistance͕�suƉƉƌessinŐ�bac-
teƌiaů�secƌetions͕�and�uƉseƫnŐ�ŵicƌobiaů�ŵoƌƉŚoůoŐǇ͕ �baicaůin�
acts�as�a�Śeƌbaů�antiŵicƌobiaů�aŐent�aŐainst�seǀeƌaů�ŵicƌobiaů�
inĨections�;ϭϭϬͿ.

�aicaůin� Śas� aůso� been� sŚown� to� suƉƉƌess� aƉoƉtosis͕�
decƌease�&�^�Ɖƌotein�eǆƉƌession͕�bůocŬ�tŚe�casƉaseͲϴ�ƉatŚ-
waǇ͕ �and�decƌease��aǆ�Ɖƌotein�Ɖƌoduction.�dŚese�actions�aƌe�
aůů�tŚouŐŚt�to�contƌibute�to�its�antiǀiƌaů�eĸcacǇ�;ϭϭϭͿ.��aicaůin�
ůoweƌs�tŚe�ƌaised�ůeǀeůs�oĨ�ŚeƉatic�ŵaƌŬeƌs�aůanine�tƌansaŵi-
nase�;�>dͿ͕�asƉaƌtate�aŵinotƌansĨeƌase�;�^dͿ͕�and�totaů�biůi-
ƌubin�aůonŐ�witŚ�ŚeƉatitis���ǀiƌus�;,�sͿͲ�E��in�Ɖatients�witŚ�
cŚƌonic�ŚeƉatitis��.� /t� can�aůso�be�used� in�conũunction�witŚ�
otŚeƌ�ŵedications�to�tƌeat�ǀiƌaů�inĨections�in�Ɖatients�witŚ�an�
,ϭEϭ�inŇuenǌa�inĨection.��aicaůin�ƌeŐuůates�tŚe�nuŵbeƌs�oĨ�
dͲůǇŵƉŚocǇte� subsets� and� uƉƌeŐuůates� ��ϯн͕� ��ϰн/��ϴн͕�
and�otŚeƌ�Ɖositiǀe�ůǇŵƉŚocǇte�subsets�;ϭϭϮͿ.

/nǀasiǀe� ĨunŐaů� inĨections� incƌease�ŵoƌbiditǇ� and� deatŚ�
oĨ� Ɖatients� wŚo� Śaǀe� iŵƉaiƌed� iŵŵune� sǇsteŵs� ;ϭϭϯͿ.�
�uƌƌentůǇ͕ �ƉoůǇenes͕�ecŚinocandins͕�and�aǌoůes�aƌe�tŚe�tŚƌee�
ƉƌiŵaƌǇ�cůasses�oĨ�Ĩƌontůine�cůinicaů�antiĨunŐaů�aŐents�used�to�
tƌeat� sucŚ� inĨections� ;ϭϭϰͿ.�,oweǀeƌ͕ � eacŚ�oĨ� tŚese� ŐƌouƉs�
Śas� dƌawbacŬs� tŚat� ŵaǇ� ƌestƌict� tŚeiƌ� cůinicaů� use� Ĩoƌ� tŚe�
ŵanaŐeŵent�oĨ�inǀasiǀe�ĨunŐaů�inĨections͕�and�it�is�uƌŐentůǇ�
necessaƌǇ� to� identiĨǇ� new� antiĨunŐaů�ŵedicines� tŚat� taƌŐet�
noǀeů�taƌŐets.��aicaůein�Śas�deŵonstƌated�Ɖotentiaů�antiĨun-
Őaů�actiǀitǇ.�/t�siŐniĮcantůǇ�inŚibits�tŚe�ŐƌowtŚ�oĨ�Aspergillus 
fumigatus͕�Cryptococcus neoformans͕� and�Candida� sƉecies.�
�ecause� it� taƌŐets� �noϭ͕� ��� ;baicaůeinͿ� Śas� antiͲC. albicans
action� ǀia� ƉƌeǀentinŐ� ŐůǇcoůǇsis.� ��� ;baicaůeinͿ� Śas� a� sub-
stantiaů� inŚibitoƌǇ�eīect�on��a�noϭ s͛�enoůase�actiǀitǇ�;ϭϭϱͿ.�
�aicaůein� inŚibits� d^>W/d^>WZ� ƉatŚwaǇ� actiǀitǇ͕ � wŚicŚ� suƉ-
Ɖƌesses� inŇaŵŵatoƌǇ� ƌesƉonse� and� Ɖƌotects� aŐainst� A. 
fumigatus�Ŭeƌatitis�bǇ�ƉƌeǀentinŐ�ĨunŐaů�ŐƌowtŚ͕�bioĮůŵ�Ĩoƌ-
ŵation͕�and�adŚesion�;dab.�ϯͿ�;ϭϭϲ͕ϭϭϳͿ.

Antidiabetic property of baicalein

�D� is� tŚe� ŵost� Ɖƌeǀaůent� endocƌine� disoƌdeƌ� in� tŚe�
Ϯϭst� centuƌǇ͕ � and� is� sƉƌeadinŐ� aůů� oǀeƌ� tŚe�woƌůd.��iabetes�
incƌeases�bůood�suŐaƌ�ůeǀeůs.�EeŐůectinŐ�to�ŵanaŐe�it�consis-
tentůǇ�and�caƌeĨuůůǇ� incƌeases�tŚe�ƌisŬ�oĨ�siŐniĮcant�adǀeƌse�
eīects͕�incůudinŐ�stƌoŬe�and�Śeaƌt�Ĩaiůuƌe.�dǇƉe�ϭ͕�tǇƉe�Ϯ͕�and�
Őestationaů�diabetes�aƌe� tŚe� tŚƌee�ŵost�Ɖƌeǀaůent� Ĩoƌŵs�oĨ�
tŚe�disease.��Ǉ�ƉƌeǀentinŐ�isůet�ceůů�deatŚ͕�baicaůein�ƌeduces�
ŚǇƉeƌŐůǇceŵia͕� iŵƉƌoǀes� Őůucose� intoůeƌance͕� and� encouƌ-
aŐes�insuůin�Ɖƌoduction�;ϭϭϴͿ.��aicaůein�is�used�to�tƌeat�dia-
betes͕� wŚicŚ� ůoweƌs� totaů� cŚoůesteƌoů͕� Ɖůasŵa� tƌiŐůǇceƌide�
Ɖůasŵa�ůeǀeůs�aůonŐ�witŚ�suŐaƌ�ůoweƌinŐ�eīect�;ϭϭϵͿ.�

�aicaůein�additionaůůǇ�sŚowed�antiŚǇƉeƌŐůǇceŵic�eīects�in�
botŚ�in�ǀiǀo�and�in�ǀitƌo�ŵodeůs�ǀia�bůocŬinŐ�tŚe�ɲͲŐůucosidase�
action�in�ϯdϯͲ>ϭ�adiƉocǇte�ceůů�ůine.�dŚe�ŵain�Ĩunction�oĨ�tŚe�
enǌǇŵe�ɲͲŐůucosidase�is�to�cataůǇǌe�tŚe�bƌeaŬdown�oĨ�staƌcŚes�
and�caƌbs� in� Ĩood� to�Ɖƌoduce�Őůucose� tŚat�ŵaǇ�be�absoƌbed�
tŚƌouŐŚ�tŚe�diŐestiǀe�tƌact�;ϭϮϬͿ.��s�a�ƌesuůt͕�deůaǇinŐ�tŚe�sǇn-
tŚesis� oĨ� Őůucose� aŌeƌ� ŵeaů� diŐestion� ŵaǇ� ŵiniŵiǌe� ŚǇƉeƌ-
ŐůǇceŵia.� /t�was�discoǀeƌed� tŚat� baicaůein�Śad�ɲͲŐůucosidase�
inŚibitoƌǇ�eīects�coŵƉaƌabůe�to�tŚose�oĨ�tŚe�coŵŵonůǇ�Ɖƌe-
scƌibed͕� cůinicaůůǇ� eīectiǀe� ɲͲŐůucosidase� inŚibitoƌ͕ � acaƌbose�
;ϭϮϬͿ.�dŚe�sǇneƌŐistic�iŵƉact�oĨ�baicaůein�and�acaƌbose�tƌeat-
ŵent� is� ƌeƉoƌted� Ĩoƌ� sŚowinŐ� ƌeduced� ŚaƌŵĨuů� ŚeƉatic� side�
eīects� associated� witŚ� usinŐ� ŚiŐŚ� dosaŐes� oĨ� tŚe� acaƌbose�
aůone� to� tƌeat� diabetes� bǇ� ůoweƌinŐ� tŚe� dosaŐe� Ĩƌoŵ� ŚiŐŚ�
;ϮϬ�ŵŐ/ŬŐͿ�to�ůow�;ϰ�ŵŐ/ŬŐͿ�ůeǀeůs�;ϭϮϭͿ.

'ůǇcation� oĨ� boǀine� seƌuŵ� aůbuŵin� ;�^�Ϳ� is� a� coŵƉůi-
cated� cŚain� oĨ� eǀents�wŚeƌein� ƌeducinŐ� suŐaƌs� ůiŬe� Őůucose�
aůteƌ�tŚe�stƌuctuƌe�oĨ�tŚe�Ɖƌotein.��ue�to�tŚe�eǆcess�Őůucose�
ŵoůecuůes�in�tŚeiƌ�seƌuŵ͕�diabetics�usuaůůǇ�Śaǀe�Őƌeateƌ�ŐůǇ-
cation�ƌates.�dŚis�can�ůead�to�nonĨunctionaů�Ɖƌoteins�and�Ĩuƌ-
tŚeƌ�actiǀate�seǀeƌaů�siŐnaůinŐ�ƉatŚwaǇs͕�incƌeasinŐ�tŚe�ƌisŬ�oĨ�
betaͲceůů�daŵaŐe͕�insuůin�ƌesistance͕�and�diabetes�coŵƉůica-
tions.��aicaůein�aůso�Śas�tŚe�Ɖotentiaů�to�cuƌe�ŚǇƉeƌŐůǇceŵia�
bǇ�ƌeducinŐ��^��ŐůǇcation�;ϭϮϮͿ.

Baicalein action as an antiaging agent

^Ŭin� aŐinŐ� is� a� natuƌaů� Ɖƌocess� tŚat� is� deĮned� bǇ� tŚe�
sŬin͛s�ƉƌoŐƌessiǀe�ƉŚǇsioůoŐic�and�anatoŵicaů�cŚanŐes.�dŚe�
deƌŵis� eǆƉeƌiences� stƌiŬinŐ� aůteƌations� incůudinŐ� tŚe� ŚuŐe�
deƉosition�oĨ�iƌƌeŐuůaƌ�eůastic�Įbeƌs͕�coůůaŐen�deteƌioƌation͕�
and�ŚǇaůuƌonic�acid�ůoss.�^Ŭin�aŐinŐ�is�caused�bǇ�a�ǀaƌietǇ�oĨ�
eǆtƌinsic�;usuaůůǇ�ůinŬed�to�aŐinŐͿ�and�natuƌaů�;ŵostůǇ�Őenet-
icaůůǇ� deteƌŵinedͿ� Ĩactoƌs͕� sucŚ� as� eǆƉosuƌe� to� uůtƌaǀioůet�
;hsͿ�ƌadiation͕�ŚiŐŚ�intaŬe�oĨ�aůcoŚoů͕�and�Ɖoůůution.�hs�ƌadi-
ation�is�tŚe�ŵain�cause�oĨ�ƉŚotoaŐinŐ�in�Śuŵan�sŬin ;ϭϮϯͿ.�

�aicaůein� ŵaǇ� Įnd� use� in� sŬin� caƌe� Ɖƌoducts� and� as� a�
ƉŚotoƉƌotectiǀe�aŐent.�hs�ƌadiation�siŐniĮcantůǇ� ƌaised� tŚe�
actiǀities� oĨ�DDWͲϭ�ŵZE�� ;ϭϮϯͿ͕� wŚiůe� baicaůin� tƌeatŵent�
inŚibited� tŚis� hs� ƌadiationͲinduced� action� oĨ� DDWͲϭ� and�
ƌesuůted�in�tŚe�Ĩoƌŵation�oĨ�ƉƌocoůůaŐen�tǇƉe�ϭ.�ZicŚ�baica-
ůein�inŚibited�coůůaŐen�Įbeƌ�ůoss͕�wƌinŬůe�Ĩoƌŵation͕�and�sŬin�
tŚicŬness�bƌouŐŚt�on�bǇ�hs�ƌadiation.�

hs�causes�ŚiŐŚ�ůeǀeůs�oĨ�ZK^�to�be�Ɖƌoduced�in�tŚe�sŬin�
tissues.�dŚis�can�cause�incƌease�oĨ�oǆidatiǀe�stƌess�to�a�ǀaƌietǇ�
oĨ� ceůůuůaƌ�ŵacƌo� and�ŵicƌo�ŵoůecuůes͕� incůudinŐ� Ɖƌoteins͕�
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nucůeic�acids͕�and�ceůů�ŵeŵbƌanes.�ZK^�Śaǀe�a�ŵaũoƌ�contƌi-
bution�in�botŚ�tŚe�onset�and�deǀeůoƉŵent�oĨ�sŬin�aŐinŐ.�D���
is� a� ƌesuůt� oĨ� ůiƉid� Ɖeƌoǆidation�wŚose�ƋuantitǇ� ƌeǀeaůs� tŚe�
eǆtent�oĨ�oǆidatiǀe�stƌess�on�ceůůs.�dŚe�antioǆidant�deĨense�oĨ�
tŚe�noƌŵaů�ceůů�aŐainst�ZK^�is�caƌƌied�out�bǇ�^K��and�'^,ͲWǆ�
enǌǇŵes�;ϭϮϱͿ.�dŚe�ƌesuůts�deŵonstƌate�tŚat�hs�ƌaǇs�cause�
oǆidatiǀe�daŵaŐe�and�sůow�down�tŚe�deƌŵaů�tissue�caƉacitǇ�
to�eůiŵinate�ZK^.�/t�was�aůso�ƌeǀeaůed�tŚat�hs��ƌadiation�con-
sideƌabůǇ�eůeǀated�D���ůeǀeůs�in�Įbƌobůasts�and�siŐniĮcantůǇ�
decƌeased� ^K�� and�'^,ͲWǆ� actiǀities.� �dditionaůůǇ͕ � baicaůin�
tŚeƌaƉǇ� bǇ� itseůĨ� dƌaŵaticaůůǇ� ƌeduced�D��� ůeǀeůs� in� Įbƌo-
bůasts�and�incƌeased�^K��and�'^,ͲWǆ�actiǀitǇ�;ϭϮϱͿ.�

Pharmacokinetics
Clinical and toxicological studies

/t�Śas�been�sŚown�tŚat�baicaůein�is�a�uniƋue͕�ƉotentiaůůǇ�
eīectiǀe� ŵedicinaů� aŐent� Ĩoƌ� tƌeatinŐ� a� ƌanŐe� oĨ� iůůnesses.�
dŚeƌeĨoƌe͕�cůinicaů�tƌiaůs�aƌe�ƌeƋuiƌed�to�ensuƌe�tŚe�tŚeƌaƉeu-
tic�ƌoůe�oĨ�baicaůein.�^eǀeƌaů�studies�aƌe�desiŐned�bǇ�ǀaƌious�
ƌeseaƌcŚ�ŐƌouƉs� Ĩoƌ� tŚe�ƉuƌƉose.�dwo�ƉŚase� /� cůinicaů� tƌiaůs�
weƌe�conducted�on�ŚeaůtŚǇ�aduůts� in��Śina� to�eǀaůuate� tŚe�
saĨetǇ�and�eĸcacǇ�usinŐ�cŚewabůe�baicaůein�Ɖiůůs.

^eǀentǇͲtwo� ŚeaůtŚǇ� �Śinese� aduůts� ƉaƌticiƉated� in� a�
ƉŚase�/�;ϮϬϭϰͿ�ƌandoŵ͕�doubůeͲbůind�inǀestiŐation�to�eǆaŵine�
tŚe�ƉŚaƌŵacoŬinetic�;W<Ϳ�cŚaƌacteƌistics�oĨ�baicaůein�usinŐ�a�
sinŐůeͲdose�tƌiaů�;ϭϬϬͲϮϴϬϬ�ŵŐͿ�;ϭϮϲͿ.��ůood͕�uƌine͕�and�Ĩeces�
saŵƉůes�weƌe�obtained�at�Įǆed�scŚeduůes�Ĩoƌ�uƉ�to�ϰϴ�Śouƌs�
Ɖost� dƌuŐ� adŵinistƌation.� �Ōeƌ� tŚat͕� baicaůein� was� inǀes-
tiŐated� bǇ� tŚe� sƉectƌoŵetƌic� anaůǇsis� oĨ� saŵƉůes� tŚƌouŐŚ�
ůiƋuid� cŚƌoŵatoŐƌaƉŚǇ� witŚ� tandeŵ� ŵass� sƉectƌoŵetƌǇ�
;>�/D^/D^Ϳ.�dŚe�W<�ƉƌoĮůe�oĨ�baicaůein�was�Ĩound�to�be�ŵuů-
tiƉŚasic͕�witŚ� a�ŵedian�Tŵaǆ� oĨ� Ϭ.ϳϱͲϯ.ϱ� Śouƌs� and� a� t1/ 2� oĨ�
ϭ.ϵϬͲϭϱ.Ϭϭ� Śouƌs.� dŚe� ƉƌoƉoƌtionaůitǇ� coeĸcient� ;ϵϬй� �/Ϳ�
estiŵates� Ĩoƌ� �ŵaǆ͕� �h�0-t͕� and� �h�0� weƌe� Ϭ.ϴϯ� ;Ϭ.ϳϬͲϬ.ϵϲͿ͕�
Ϭ.ϵϭ� ;Ϭ.ϴϭͲϭ.ϬϬͿ͕� and� Ϭ.ϵϮ� ;Ϭ.ϴϮͲϭ.ϬϮͿ͕� in� tŚat� oƌdeƌ.� dŚe�
ƉƌedeĮned� ƌanŐes� oĨ� Ϭ.ϴϵͲϭ.ϭϭ͕� Ϭ.ϵϯͲϭ.Ϭϳ͕� and� Ϭ.ϵϯͲϭ.Ϭϳ͕�
ƌesƉectiǀeůǇ͕ �encoŵƉass�aůů�ǀaůues.� /t�was�uncůeaƌ�wŚat� tŚe�
dose�ƉƌoƉoƌtionaůitǇ�was�Ĩoƌ�a�baicaůein�dose�ƌanŐe�oĨ�ϭϬϬͲ
ϮϴϬϬ�ŵŐ.� �aicaůein� eǆcƌeted� in� uƌine� ŵaŬes� uƉ� ϭй� oĨ� tŚe�
totaů.� �aicaůein�was� eůiŵinated� as� a�ŵedication� in� aƉƉƌoǆi-
ŵateůǇ� Ϯϳй�oĨ� tŚe� Ĩeces.� �aicaůein s͛� �ŵaǆ� and��aǀŐ� ǀaůues� at�
ϴϬϬ� ŵŐ� sinŐůe� dose� and� ϴϬϬ� ŵŐ� ŵuůtiƉůe� dose͕� ƌesƉec-
tiǀeůǇ͕ �weƌe�ŚiŐŚeƌ� tŚan�tŚe� in�ǀitƌo�eīectiǀe�concentƌation�
;Ϭ.ϭ ʅDͿ�aŐainst�^�Z^Ͳ�osͲϮ�;ϭϮϳͿ.��aicaůein�was�ŚiŐŚůǇ�toů-
eƌabůe.��ůeǀen�adǀeƌse� tƌeatŵentͲƌeůated�occuƌƌences�weƌe�
detected͖�aůů�weƌe�consideƌed�͞ŵinoƌ͟�and�ƌetƌeated�on�tŚeiƌ�
own.� dŚeƌe� weƌe� no� siŐniĮcant� adǀeƌse� occuƌƌences.� �s� a�
ƌesuůt͕� ŚeaůtŚǇ� ǀoůunteeƌs� toůeƌated� sinŐůe� oƌaů� dosaŐes� oĨ�
baicaůein�oĨ�ϭϬϬͲϮϴϬϬ�ŵŐ�witŚout�anǇ�adǀeƌse�eīects�;ϭϮϳͿ.

dŚe�studǇ�bǇ�>i�D͕�^Śi��͕�WanŐ�,͕�et�aů.�ƉubůisŚed�in�tŚe�
:ouƌnaů� oĨ� �tŚnoƉŚaƌŵacoůoŐǇ� in� ϮϬϭϰ� inǀestiŐated� tŚe�
saĨetǇ͕ �toůeƌabiůitǇ͕ �and�ƉŚaƌŵacoŬinetics�oĨ�a�sinŐůe�ascend-
inŐ� dose� oĨ� baicaůein� cŚewabůe� tabůets� in� ŚeaůtŚǇ� subũects.�
dŚe�ƌeseaƌcŚ�Ĩound�tŚat�sinŐůe�oƌaů�doses�oĨ�ϭϬϬͲϮϴϬϬ�ŵŐ�oĨ�
baicaůein�weƌe� saĨe� and�weůů� toůeƌated�bǇ�ŚeaůtŚǇ� indiǀidu-
aůs͕�witŚ�no�seƌious�adǀeƌse�eǀents�occuƌƌinŐ.�dŚe�studǇ�con-
cůuded� tŚat� baicaůein� cŚewabůe� tabůets�weƌe� ŐeneƌaůůǇ� saĨe�

and� weůůͲtoůeƌated͕� suƉƉoƌtinŐ� tŚe� ĨuƌtŚeƌ� eǆƉůoƌation� oĨ�
baicaůein�in�cůinicaů�studies�due�to�its�Ĩaǀoƌabůe�saĨetǇ�ƉƌoĮůe�
and�ƉŚaƌŵacoŬinetic�ƉƌoƉeƌties�;ϭϮϴͿ.��aicaůein�suƉƉƌessed�
tŚe� Őeneƌation� oĨ� ŵidͲůate� ŵZE�͕� Śence� suƉƉƌessinŐ� tŚe�
,ϭEϭ� and� ,ϯEϮ� inŇuenǌa� ǀiƌuses͕� �/&Dϭ/ϭ/ϰϳ͕� and� �/
�eiũinŐ/ϯϮ/ϵϮ͕� ƌesƉectiǀeůǇ� ;ϭϲϯͿ.��aicaůein�and� its�ŵetabo-
ůites�weƌe�Ĩound�at�ŚiŐŚeƌ�concentƌations͕�but�not�in�a�doseͲ
ƉƌoƉoƌtionate�waǇ.� /n�ŚeaůtŚǇ��Śinese�ǀoůunteeƌs͕�baicaůein�
tabůets�witŚin�tŚe�studied�dosaŐe�ƌanŐe�weƌe�weůůͲtoůeƌated�
and�saĨe͕�witŚ�no�seǀeƌe�oƌ�ƉotentiaůůǇ�Ĩataů�side�eīects�;ϭϮϴͿ.

/n�oƌdeƌ�to�assess�tŚe�saĨetǇ�and�eĸcacǇ�oĨ�caƉecitabine�
;��WͿ� in� conũunction� witŚ� W,zϵϬϲ͕� a� coŵbination� oĨ� Ĩouƌ�
tƌaditionaů� �Śinese� ŚeƌbsͶScutellaria baicalensis 'eoƌŐi͕�
Glycyrrhiza uralensis &iscŚ.͕� Ziziphus jujuba� Diůů.͕� and�
Paeonia lactiflora Waůů.Ͷin� tŚe� tƌeatŵent�oĨ�adǀanced�Ɖan-
cƌeatic� caƌcinoŵa� ;�W�Ϳ͕� anotŚeƌ� studǇ� was� caƌƌied� out� in�
ϮϬϬϲ.� Wƌecůinicaů� studies� indicate� tŚat� W,zϵϬϲ� is� a� Ɖotent�
inŚibitoƌ�oĨ�E&Ͳʃ��and�tŚat� it�woƌŬs� in�conceƌt�witŚ���W�to�
eǆŚibit� sǇneƌŐistic� antituŵoƌ� eīects� in� W�E�Ͳϭ� ceůů� ůines.�
W,zϵϬϲ�does�not�aůteƌ� tŚe�W<�oĨ���W͕ �as�studies�on�seǀeƌaů�
tuŵoƌ�tǇƉes�Śaǀe�sŚown͕�but�it�ŵaǇ�ƌeduce�tŚe�'/�toǆicities�
associated� witŚ� cŚeŵotŚeƌaƉǇ͕ � esƉeciaůůǇ� diaƌƌŚea.� dŚese�
data�Śaǀe�ŵotiǀated� tŚe�ƉŚase� ////� studǇ�oĨ� tŚe� saĨetǇ�and�
toůeƌabiůitǇ�oĨ�a�weeŬůǇ�;ϳ/ϳͿ�doseͲintense�scŚeduůe�Ĩoƌ���W�
Ɖůus�W,zϵϬϲ.�Watients�witŚ�adǀanced�soůid�tuŵoƌs�;^dsͿ�wŚo�
did�not�ƌesƉond�to�conǀentionaů�tŚeƌaƉǇ�weƌe�ƌecƌuited�Ĩoƌ�
tŚe�ƉŚase� /� ƌeseaƌcŚ.�Kn�daǇs�ϭͲϰ͕�Ɖatients�weƌe�Őiǀen�ϴϬϬ�
ŵŐ�oĨ�W,zϵϬϲ�twice�a�daǇ͕ �and�Ĩoƌ�ϭϰ�daǇs͕�tŚeǇ�weƌe�Őiǀen�
ϭ͕ϱϬϬ�ŵŐ/ŵ2� oĨ� ��W�eǀeƌǇ�daǇ.� Watients�witŚ� ŐeŵcitabineͲ
ƌeĨƌactoƌǇ��W��wiůů�be�ƌecƌuited�Ĩoƌ�tŚe�ƉŚase�//�ƌeseaƌcŚ.�dŚe�
studǇ s͛� ĮndinŐs� sŚow� tŚat� ��W� and� W,zϵϬϲ� toŐetŚeƌ� Śaǀe�
toůeƌabůe�toǆicitǇ�in�Ɖatients�witŚ�^d�;ϭϯϬͿ.�

/n� ƉŚase� ////� cůinicaů� tƌiaůs� oƌaů� adŵinistƌation� oĨ� baica-
ůein�Śas�been�sŚown�to�be�saĨe�Ĩoƌ�Śuŵans�;ϭϯϬͿ.�,oweǀeƌ͕ �
ŵoƌe�detaiůed� ƌeseaƌcŚ�on�baicaůein s͛� tŚeƌaƉeutic�Ɖotentiaů�
in�Ɖatients�witŚ�ǀaƌious�diseases�is�ƌeƋuiƌed.

Nano-formulations of baicalein

^ƌiǀastaǀa�et�aů�cƌeated�baicaůeinͲůoaded�ŵiǆed�ŵiceůůes�to�
iŵƉƌoǀe�tŚe�soůubiůitǇ�and�bioaǀaiůabiůitǇ�oĨ�baicaůein�oƌaů�ƉƌeƉ-
aƌation�to�tƌeat�bƌeast�canceƌ.�Diceůůes�encaƉsuůatinŐ�baicaůein�
in�Ɖůuƌonic�&ϭϮϳ�;&ϭϮϳͿ�and��ͲtocoƉŚeƌoů�ƉoůǇetŚǇůene�ŐůǇcoů�
ϭϬϬϬ�succinate� ;dW'^Ϳ�weƌe� inǀestiŐated� Ĩoƌ� tŚeiƌ�anticanceƌ�
ƉƌoƉeƌties.�dŚe�ŵiceůůes�in�tŚe�oƉtiŵaů�Ĩoƌŵuůation�eǆŚibited�a�
ǌeta�Ɖotentiaů�oĨ�ϰ.Ϭϭ�ŵs�and�a�ŵean�Ɖaƌticůe�siǌe�oĨ�Ϯϱ.Ϭϰ�nŵ.�
�aicaůein�was�ƌeůeased�Ĩƌoŵ�ŵiceůůes�in�ǀitƌo�witŚ�a�sustained�
ƌeůease�ƉƌoĮůe�at�Ɖ,�ϳ.ϰ͕�and�an�ϴϯ.ϰϯй�coŵƉuted�entƌaƉŵent�
eĸciencǇ�ƉeƌcentaŐe�was�obtained.�/n�ǀitƌo�ceůů�cuůtuƌe�studies�
sŚowed�a� siŐniĮcant� incƌease� in� tŚe�absoƌƉtion�and�cǇtotoǆ-
icitǇ�oĨ�baicaůein� Ĩoƌŵuůation�and�ƉeƌĨoƌŵance�eǀaůuation�oĨ�
ƉoůǇŵeƌic�inͲůoaded�ŵiceůůes�taƌŐetinŐ�D��D�ͲϮϯϭ�ceůů�ůines.�
dŚe�ceůů� cǇcůe�anaůǇsis�ĮndinŐs�deŵonstƌated� tŚat� ceůůs�weƌe�
Śaůted�in�tŚe�'Ϭ/'ϭ�ƉŚase�oĨ�tŚe�ceůů�cǇcůe�and�tŚat�baicaůein�
ŵiceůůes�Śad�a�Őƌeateƌ�caƉacitǇ� to� induce�aƉoƉtosis� tŚan�did�
baicaůein�in�its�Ĩƌee�Ĩoƌŵ.�dŚe�ƌesuůts�oĨ�tŚe�ZK^�and�ŵitocŚon-
dƌiaů� ŵeŵbƌane� Ɖotentiaů� eǆƉeƌiŵent� deŵonstƌate� tŚat� tŚe�
noǀeů� Ĩoƌŵuůation� suƉƉƌesses� ceůů� ŐƌowtŚ� tŚƌouŐŚ� tŚe� ZK^Ͳ
deƉendent�ŵitocŚondƌiaůͲŵediated�aƉoƉtotic�ƉatŚwaǇ�;ϭϯϭͿ.�
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Daũuŵdaƌ� et� aů� deǀeůoƉed� baicaůeinͲůoaded� nanoůiƉo-
soŵe�Őeů�Ĩoƌŵuůation͕�wŚicŚ�was�easǇ�to�aƉƉůǇ�to�tŚe�sŬin s͛�
suƌĨace�because� it�Śas�a�ŚiŐŚ�deŐƌee�oĨ�ŚoŵoŐeneitǇ͕ �a�Ɖ,�
tŚat�is�about�eƋuiǀaůent�to�tŚat�oĨ�tŚe�sŬin͕�and�an�aƉƉƌoƉƌi-
ate�tŚiǆotƌoƉic�cŚaƌacteƌistic.��aicaůein s͛�ƌeůease�was�ŐƌeatůǇ�
eǆtended�and�concentƌationͲindeƉendent�aŌeƌ�tŚe�deǀeůoƉ-
ŵent�oĨ�nanoůiƉosoŵaů�Őeů.�/n�contƌast�to�coŵŵeƌciaůůǇ�aǀaiů-
abůe�Ĩoƌŵuůations͕�tŚe�nanoůiƉosoŵes�ůoaded�witŚ�baicaůein�
deŵonstƌated� ƌeŵaƌŬabůe� antiͲinŇaŵŵatoƌǇ� eīectiǀeness�
tŚƌouŐŚout�testinŐ.��ccoƌdinŐůǇ͕ �tŚe�enŐineeƌed�nanoůiƉoso-
ŵaů� Őeů� Įůůed�witŚ�baicaůein�ŵaǇ�be� eŵƉůoǇed� as� an� eīec-
tiǀe� caƌƌieƌ� Ĩoƌ� baicaůein� toƉicaů� adŵinistƌation� to� suƉƉƌess�
inŇaŵŵatoƌǇ�ƌeactions�;ϭϯϮͿ.

dŚe�eĸcacǇ�oĨ�baicaůeinͲůoaded�iƌon�oǆide�nanoƉaƌticůes�
;EWsͿ� aŐainst� tŚe� tƌiƉůeͲneŐatiǀe� bƌeast� canceƌ� ;dE��Ϳ� ceůů�
ůine�D��ͲD�ͲϮϯϭ�was�eǆaŵined�bǇ�<aǀitŚaa�et�aů.�hsinŐ�an�
eůectƌon�ŵicƌoscoƉe� to� anaůǇǌe� a� subset� oĨ� canceƌ� ceůůs͕� it�
was� ƌeǀeaůed� tŚat� tŚe�Ɖaƌticůes�weƌe�absoƌbed�bǇ� tŚe�ǀaƌi-
ous� subceůůuůaƌ� coŵƉonents� oĨ� tŚe� ceůůs.� &uƌtŚeƌŵoƌe͕� tŚe�
assessŵent�oĨ�ŵitocŚondƌiaů�ŵeŵbƌane�Ɖotentiaů�was�con-
ducted� usinŐ� Ňow� cǇtoŵetƌǇ� eŵƉůoǇinŐ� :�Ͳϭ� ůabeůinŐ.� dŚe�
ƌesuůts� indicated� tŚe� Ɖƌesence� oĨ� siŐniĮcant� aŐŐƌeŐates� in�
ceůůs�tƌeated�witŚ�iƌon�oǆide�EWs�ůoaded�witŚ�baicaůein͕�indi-
catinŐ�a�consideƌabůe�ƌeduction�in�ŵitocŚondƌiaů�ŵeŵbƌane�
Ɖotentiaů.� �aicaůeinͲůoaded� iƌon� oǆide� EWs� eůeǀated� aƉoƉ-
totic�Őenes�sucŚ�as��ad͕��aǆ͕�'���ϰϱ͕�and�ƉoůǇ;��WͲƌiboseͿ�
ƉoůǇŵeƌase� ;W�ZWͿ� cůeaǀaŐe� in� a� doseͲdeƉendent� ŵanneƌ�
wŚiůe�downƌeŐuůatinŐ�antiͲaƉoƉtotic�Őenes.��oŵƉƌeŚensiǀe�
ŬitͲbased� Ňow� cǇtoŵetƌic� anaůǇsis� conĮƌŵs� tŚat� nano� con-
ũuŐates�ŵaǇ�cůeaƌůǇ�induce�aƉoƉtosis͕��E��daŵaŐe͕�and�ceůů�
cǇcůe�aƌƌest͕�as�weůů�as�ƌeduce�tŚe�ƌate�oĨ�ceůů�ƉƌoůiĨeƌation�in�
dE���ceůůs�;ϭϯϯͿ.�

>i� et� aů� inǀestiŐated� tŚe� ƌeůeasinŐ� ƉaƩeƌns� and� ůoadinŐ�
eĸciencies� oĨ� baicaůein� ;��Ϳ� and� baicaůin� ;��Ϳ� encůosed� in�
ŵesoƉoƌous�siůica�nanoƉaƌticůes�;D^EsͿ�tŚat�weƌe�Ɖƌoduced�
and�ŵodiĮed�witŚ� aŵines� ;EanoͲ��� and�EanoͲ��͕� ƌesƉec-
tiǀeůǇͿ.�hsinŐ�ƉƌiŵaƌǇ�Śuŵan�ŐinŐiǀaů�eƉitŚeůiaů�ceůůs�;Ś'��sͿ͕�
tŚe�cǇtotoǆicitǇ�oĨ�EanoͲ���and�EanoͲ���was�eǆaŵined͕�and�
a� tƌansŵission� eůectƌon� ŵicƌoscoƉe� was� used� to� obseƌǀe�
tŚe�ceůůs͛�uƉtaŬe�oĨ�tŚe�coŵƉounds.�dŚeiƌ�antiͲinŇaŵŵatoƌǇ�
eīects�in�/>ͲϭͲtƌeated�Ś'��s�weƌe�ŵeasuƌed�usinŐ�tŚe�cǇto-
Ŭine� aƌƌaǇ� and� tŚe� enǌǇŵeͲůinŬed� iŵŵunosoƌbent� test.�
dŚis�studǇ�sŚows�tŚat�aŵineͲŵodiĮed�D^Es�aƌe�caƉabůe�oĨ�
encaƉsuůatinŐ����and���͕�and� tŚat� tŚis�nanoͲencaƉsuůation�
ŐƌeatůǇ�incƌeases�tŚe�ƌate�oĨ�dƌuŐ�deůiǀeƌǇ�and�ƉƌoůonŐs�tŚe�
ƌeůease�oĨ����and����Ĩoƌ�uƉ�to�Ϯϭϲ�Śouƌs.�&uƌtŚeƌŵoƌe͕�wŚen�
eǆƉosed�to�a�soůution�deǀoid�oĨ�EWs͕�Ś'��s�weƌe�abůe�to�inteƌ-
naůiǌe�EanoͲ���and�EanoͲ���and�ŵaintain�tŚeŵ�inside�tŚe�
ceůůs�Ĩoƌ�at�ůeast�Ϯϰ�Śouƌs.�/t�is�notewoƌtŚǇ�tŚat�/>ͲϭͲinduced�
eǆƉƌession�oĨ�/>Ͳϲ�and�/>Ͳϴ�in�Ś'��s�is�eīectiǀeůǇ�suƉƉƌessed�
bǇ�Ɖƌetƌeatŵent�witŚ�EanoͲ��.�do�suŵŵaƌiǌe͕����encaƉsu-
ůated�in�a�EW�ŵaǇ�eĸcientůǇ�ƌeůease�its�contents�and�be�taŬen�
uƉ�bǇ�ceůůs͕�wŚicŚ�Śas�ŵaũoƌ�antiͲinŇaŵŵatoƌǇ�eīects�;ϭϯϰͿ.

ZeseaƌcŚeƌs� cƌeated� a� Ɖ,ͲƌesƉonsiǀe� dƌuŐ� deůiǀeƌǇ�
sǇsteŵ� ;��^Ϳ� encaƉsuůatinŐ� baicaůein� ǌeoůite� iŵidaǌoůe�
ĨƌaŵewoƌŬͲϴ�;�/&ͲϴͿ.�dŚe�sǇntŚesiǌed�nanocoŵƉosite�eǆŚib-
ited� a� dƌuŐͲůoadinŐ� caƉacitǇ� oĨ� ϰϬ.ϯϮй.� dŚe� in� ǀitƌo� dƌuŐ�
ƌeůease� Ŭinetics� Ĩƌoŵ� tŚe� nanocoŵƉosite� sŚowed� eǆceů-
ůent�stiŵuůiͲƌesƉonsiǀe�dƌuŐ�ƌeůease�caƉabiůities� in�an�acidic�

enǀiƌonŵent.�dŚe ŐƌowtŚ�oĨ�E. coli͕�S. aureus͕�P. aeruginosa͕�
and  Staphylococcus epidermidis�was�siŐniĮcantůǇ�inŚibited�bǇ�
tŚe�nanocoŵƉosite.�dŚe�sǇneƌŐistic�eīect�oĨ�ǌinc�;//Ϳ�ions�and�
baicaůein�ŵoůecuůes�was�deŵonstƌated�to�be�tŚe�antibacte-
ƌiaů�ŵecŚanisŵ�oĨ�tŚe���Λ�/&Ͳϴ�nanocoŵƉosite.��ccoƌdinŐ�
to�in�ǀitƌo�biocoŵƉatibiůitǇ�tests͕���Λ�/&Ͳϴ�did�not�cause�anǇ�
cǇtotoǆicitǇ� in� >ϵϮϵ� Įbƌobůast� ceůůs.� dŚe� cƌeated� nanocoŵ-
Ɖosite� dƌaŵaticaůůǇ� enŚanced� tŚe� nuŵbeƌ� oĨ� ƉƌoůiĨeƌatinŐ�
and�ŵiŐƌatinŐ�ceůůs�in�tŚe�wounded�aƌea͕�accoƌdinŐ�to�tests�
conducted�on�a�scƌatcŚ�wound.��ccoƌdinŐ�to�tŚe�ĮndinŐs�oĨ�
tŚe�Ɖ,ͲƌesƉonsiǀe�dƌuŐ�ƌeůease�ŵecŚanisŵ͕�tŚe�sǇntŚesiǌed�
nanocoŵƉosite� eǆŚibited� Őƌeateƌ� stabiůitǇ� at� a� neutƌaů� Ɖ,.�
dŚe� nanocoŵƉosite� deŵonstƌated� ƌaƉid� baicaůein� ƌeůease�
;ϲϱ.ϴйͿ�in�acidic�conditions͕�indicatinŐ�tŚat�it�is�a�Őƌeat�cŚoice�
Ĩoƌ�Ɖ,ͲƌesƉonsiǀe�dƌuŐ�deůiǀeƌǇ�;ϭϯϱͿ.

dŚis� inǀestiŐation� oĨ� tŚe� anticanceƌ� ƉƌoƉeƌties� oĨ� �^�Ͳ
baicaůein�Λ�nͲ'ůu�nanostƌuctuƌeͲŵediated�'ůuZs�was�con-
ducted�usinŐ�Śuŵan�Őůiobůastoŵa�hϴϳ�ceůůs.�dŚe�tƌansƉoƌt�
oĨ�baicaůein�actiǀe�coŵƉonent�was�studied�witŚ�ŚǇbƌid�EWs�
oĨ� �^�Ͳ�aΛ�nͲ'ůu.� �^�Ͳ�aΛ�nͲ'ůu� EWs� weƌe� eīectiǀeůǇ�
sǇntŚesiǌed� in� a� sinŐůe� ƌeduction� Ɖƌocess.� dŚe� cǇtotoǆic�
eĸcacǇ� and� aƉoƉtotic� ƌate� oĨ� tŚe� nanostƌuctuƌes� on� hϴϳ�
Őůiobůastoŵa� ceůůs�weƌe� assessed�usinŐ� ϯͲ;ϰ͕ϱͲdiŵetŚǇůtŚi-
aǌoůͲaͲǇůͿͲϮ͕ϱ� diƉŚenǇůtetƌaǌoůiuŵ� bƌoŵide� ;DddͿ� assaǇs�
and�Ňow�cǇtoŵetƌǇ͕�ƌesƉectiǀeůǇ.�dŚe�sǇntŚesiǌed��^�Ͳ�aΛ
�nͲ'ůu�nanostƌuctuƌes͕�witŚ�diaŵeteƌs�ƌanŐinŐ�Ĩƌoŵ�ϭϰϮ.ϰϬ�
to�ϭϳϳ.ϭϬ�nŵ�and�ǌeta�Ɖotentiaůs�between�ϭϬ.ϱϳ�and�ϯϱ.ϳϳ�
ŵs͕�Śaǀe�tŚe�Ɖotentiaů�to�eǆtƌaǀasate�into�canceƌ�ceůůs.�dŚe�
dƌuŐ�ƌeůease�oĨ��^�Ͳ�aΛ�n�EWs�was�botŚ�Ɖ,ͲdeƉendent�and�
Ɖ,Ͳcontƌoůůed.�/n�ǀitƌo͕�it�was�deŵonstƌated�tŚat��^�Ͳ�aΛ
�nͲ'ůu�EWs�siŐniĮcantůǇ�ƌeduced�ceůů�ǀiabiůitǇ�and�incƌeased�
aƉoƉtosis� in� hϴϳ� canceƌ� ceůůs.� �� Őƌeen� ŵanuĨactuƌinŐ�
aƉƉƌoacŚ�was�used�to�cƌeate��n�EWs͕�and�it�was�sŚown�tŚat�
tŚese�Ɖaƌticůes�Śad�a�deadůǇ�eīect�in�addition�to�incƌeasinŐ�
tŚe�uƉtaŬe�oĨ�EWs�bǇ� ceůůs� ǀia�'ůu� ƌeceƉtoƌs.�'ůu� conũuŐa-
tion�and�dƌuŐ�deůiǀeƌǇ�oĨ�baicaůein�weƌe�acŚieǀed�tŚƌouŐŚ�
tŚe�use�oĨ��^��EWs�as�a�nanoͲƉůaƞoƌŵ.��^�Ͳ�aΛ�nͲ'ůu�EWs�
can�cause�doseͲdeƉendent�cǇtotoǆicitǇ�and�deatŚ�in�Śuŵan�
bƌain�canceƌ�ceůůs�;hϴϳͿ.�&inaůůǇ͕�Ĩutuƌe�ƌeseaƌcŚ�on�taƌŐeted�
ŵedication�deůiǀeƌǇ�in�ǀiǀo�ŵaǇ�ŵaŬe�use�oĨ�tŚis�nanostƌuc-
tuƌe.� /t�ŵaǇ�aůso�be�Ɖaiƌed�witŚ�otŚeƌ�tƌeatŵents͕�sucŚ�as�
ǆͲƌaǇ�iƌƌadiation�;dabůe�ϯͿ�;ϭϯϲͿ.�

Patents on baicalein

dŚe�Ɖatents�ƌeůated�to�ƉŚaƌŵacoůoŐicaů�actiǀitǇ�oĨ�baica-
ůein�Śaǀe�been�tabuůated�in�dabůe�ϰ.�

Conclusion

dŚis�sǇsteŵatic�ƌeǀiew�Ɖƌoǀides�a�new�scientiĮc�and�ŵod-
eƌn� ƉeƌsƉectiǀe� on� tŚe� tƌaditionaů� �Śinese�ŵedicine� baica-
ůein�as�a�Ɖossibůe�suƉƉůeŵentaƌǇ�tŚeƌaƉǇ.��aicaůein�contains�
anticanceƌ͕ � antiŵicƌobiaů͕� antidiabetic͕� and� antiaŐinŐ� ƉƌoƉ-
eƌties� in� addition� to� Ɖƌotectiǀe� eīects� on� tŚe� bƌain͕� Śeaƌt͕�
ůunŐs͕� stoŵacŚ͕� ŚeƉatic͕� and� ƌenaů� sǇsteŵs͕� based� on� tŚe�
ƉubůisŚed�data�ƌeǀiewed.�ZeƉeatedůǇ�adŵinisteƌinŐ�baicaůein�
oƌaůůǇ͕ � at�dosaŐes� ƌanŐinŐ� Ĩƌoŵ�ϮϬϬ� to�ϲϬϬ�ŵŐ͕�was� sŚown�
to� be� saĨe� and�weůůͲtoůeƌated� bǇ� ŚeaůtŚǇ indiǀiduaůs.� dŚeƌe�
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TABLE 3 -�^tudies�oĨ�nanoͲĨoƌŵuůated�baicaůein/baicaůin�in�seǀeƌaů�disoƌdeƌs

S. no. Disorder Formulation Combination Application Outcome Reference

1. Diabetes NLC No In vitro and 
in vivo

B-NLCs possess favorable physical stability and 
enhanced capability for drug retention along with 
improved antidiabetic effectiveness

(137)

Selenium NPs Naringenin + 
baicalin

In vitro and 
in vivo

Maintain optimal blood glucose levels by enhancing 
insulin sensitivity, production, and mitigating the 
dysfunction of pancreatic β-cells in T2DM

(138)

2 Breast 
cancer

Iron oxide NPs No In vitro At a very low dose, it inhibits antiapoptotic protein 
and increases apoptotic proteins

(139)

Nanoemulsion Paclitaxel + 
baicalein

In vitro and 
in vivo

Improved permeability and retention effects (140)

3. Human lung 
cancer cells

Nanoparticles
(prodrug)

Paclitaxel + 
baicalein

In vitro and 
in vivo

Exhibited synergism and anticancer potential and 
reduction of multidrug resistance of paclitaxel occurs

(142)

4. Cervical 
tumor

Nanoliposomes No In vivo This formulation demonstrated significant antitumor 
efficacy

(142)

5. Cerebral 
ischemia

SLN OX26 
antibody + 
baicalin

In vivo It regulates amino acid levels, which are responsible 
for the therapeutic effect of treating excitotoxic 
neuronal damage

(143)

NLC = nanostructured lipid carriers; NP = nanoparticle; SLN = solid lipid nanoparticles; T2DM = type 2 diabetes mellitus.

TABLE 4 -�Watents�ƌeůated�to�baicaůein�

S. no. Patent number Year of 
publishing/grant

Details of patent

1. CN1411815A 2003 The current innovation relates to the preparation method for baicalin eye drops. The root 
of the natural Chinese medicinal plant Scutellaria is the source of baicalin, the main active 
element in the product. It exhibits a robust therapeutic effect in the management of pathogen-
induced ophthalmopathy without causing ocular discomfort or deleterious side effects.

2. CN103720650A 2014 The innovation is an injection of baicalin that has anti-influenza viral properties. Baicalin, 
2.16 g of disodium hydrogen phosphate, 0.6 g of sodium dihydrogen phosphate, and 
100 mL of injection water make up this mixture. The injection is sterilized by applying 
high pressure while keeping the sodium hydroxide pH at 7.0. The medication blocks 
neuraminidase action, which prevents the virus from releasing its infection. It is highly 
bioavailable and rarely causes negative side effects.

3. CN101642426B 2009 The innovation is a technique for making nanoscale eye drops of the baicalein adhesion 
type. Baicalein (w/w) = 0.001%-3%, lipid (w/w) = 0.1%-20%, surfactant (w/w) = 0.1%-
10%, preservative (w/w) = 0.001%-3%, isotonic regulator (w/w) = 0.1%-10%, penetration 
enhancer (w/w) = 0.005%-10%. The remaining volume of deionized water is used to create 
the baicalin adhesion type nanoscale eye drops, with the pH being kept between 5 and 9.

4. CN101856350A 2010 The use of baicalein in the preparation of medications for the treatment and prevention 
of PD is disclosed in the invention. The formulation has the ability to improve and treat PD 
symptoms while also lowering the trembling frequencies and amplitudes. By preventing 
damage to dopaminergic neurons, the formulation can effectively prevent and treat 
pathological changes and the development of PD. Baicalein, on the other hand, inhibits 
Parkinson’s symptoms by acting on nervous systems and protects dopaminergic neurons 
through apoptosis resistance, inflammatory resistance, and antioxidation.

5. CN101701245A 2010 The innovation offers a way to extract the major proteinase inhibitor of the SARS coronavirus 
from a traditional Chinese remedy. The steps in the procedure are as follows: (1) Determining 
the exosomatic suppressive activities of different extractives from a single traditional Chinese 
medicine that are main proteinase inhibitors of the SARS coronavirus; (2) choosing the 
extractive that has the highest exosomatic suppressive activity; and (3) sorting and choosing 
the extractives chosen in step (2) at least once. The substance that the procedure separated 
has exosomatic inhibitory actions on the major proteinase of the SARS coronavirus, making it a 
potentially ideal medication or a viable prodrug for commercialization.

(Continued)
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S. no. Patent number Year of 
publishing/grant

Details of patent

6. CN102068452A 2011 The invention relates to a pharmaceutical composition with a synergistic antiviral ratio 
of 20:1 to 1:10 for baicalein and ribavirin. It lessens the minimum medicine tolerance as 
well as the adverse effects and side effects. Moreover, the antiviral component works 
by inhibiting viral replication. It has great advantages and looks to have a bright future in 
treating and preventing influenza viruses.

7. CN105560177A 2016 The invention discloses the veterinary mixed suspension containing amoxicillin and 
baicalein, as well as the manufacturing process. The suspension is made by dispersing the 
active components, amoxicillin and baicalein, 1:1, in a dispersion medium. The problems 
of amoxicillin being easily broken down in an aqueous solution and the medication 
being slowly released in an oily mixed suspension are both solved for time-dependent 
antibiotics. T>MIC is prolonged, effective acting time is prolonged, and a user only needs to 
take the medication three times consecutively at intervals of 12 hours.

8. CN112007023A 2020 According to the invention, baicalein alpha, beta, or (beta 0+ beta 1) mixed crystal 
form can be used for preventing and/or treating obesity and its related conditions. 
More precisely, to the administration of a drug in the range of 0.001-2000 mg/kg/day/po 
as an active element in the management of obesity and its by-products, including 
hyperlipidemia, insulin resistance, and blood sugar.

9. CN108653206B 2020 The innovation, which falls under the category of pharmaceutical preparations, describes 
how to prepare a baicalein nanosuspension. The following elements comprise the 
baicalein nanosuspension prescription, expressed as a percentage by mass: phospholipid 
(0.05%-10%), F-68 (0.1-3%), glycerol (1%-10%), and the rest water. 0.1%-2% of the 
phospholipid compound is called baicalein. The invention offers a low cost and energy 
consumption, excellent safety, enhanced stability, better medication loading rate, and a 
straightforward and convenient operation.

10. CN112691102A 2021 The invention describes using baicalein to make a medication that treats and prevents 
PD as well as the depressive symptoms of Parkinson’s syndrome. The invention finds that 
baicalein can clearly increase the levels of neurotransmitters like DA, NE, and 5-HT in the 
brain and metabolites thereof, decrease the level of neuroinflammation factors in blood 
plasma, and improve the symptoms of a rotenone-induced depression mood model 
of a PD/Parkinson syndrome mouse. Consequently, baicalein can be utilized to make 
medications that prevent and treat PD as well as the symptoms of depression associated 
with the condition.

11. CN113244216A 2021 The innovation reveals the use of baicalein in the development of a medication to suppress 
a novel coronavirus and reveals that baicalein and SARS-CoV-2Mpro can be coupled, also 
preventing SARS-CoV-2Mpro from functioning as an enzyme in vitro. The protease activity, 
which impedes the new coronavirus’s ability to replicate, has promising applications in the 
field of creating new coronavirus drugs.

12. WO2021159570A1 2021 This invention involves using baicalein to make a drug that will either treat or prevent 
a disease caused by a novel coronavirus infection. The invention in question pertains 
specifically to the use of baicalein and a pharmaceutical composition containing baicalein 
in the preparation of a drug intended to prevent and/or treat diseases caused by novel 
coronavirus infections (SARS-CoV-2). These infections can range in severity from mild to 
severe, and they include novel coronavirus pneumonia.

13. CN113925861A 2022 The invention describes the use of a Scutellaria flavone active ingredient and its 
preparation in the manufacturing of a medication intended to cure or prevent 
inflammatory storm. Wogonin, oroxylin A, and baicalein are the components from which 
the active ingredient of baicalein is chosen. Reducing the frequency of inflammatory 
storms, particularly in patients who are severely ill, helps to lessen organ damage and 
halt the disease’s course. The innovation finds that wogonin, baicalein, and oroxylin A 
all operate to varying degrees to block the mouse cytokine storm. Lung damage and 
inflammatory cell infiltration brought on by an inflammatory storm can be lessened by 
baicalein. Thus, the medication for both preventing and treating the inflammatory storm 
can be made using the active ingredient of baicalein.

DA = dopamine; MIC = minimum inhibitory concentration; NE = norepinephrine; PD = Parkinson’s disease; SARS-CoV = severe acute respiratory syndrome coro-
navirus.

TABLE 4 -�;Continued )
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was� no� iŵƉaiƌŵent� seen� in� ůiǀeƌ� and� ƌenaů� Ĩunction͖� Śow-
eǀeƌ͕ �it�ŵaǇ�aīect�tŚe�ŵetaboůisŵ�oĨ�tƌiŐůǇceƌides.��aicaůein�
is�ƌaƉidůǇ�and�eǆtensiǀeůǇ�ŵetaboůiǌed�in�tŚe�bodǇ͕ �ƌesuůtinŐ�
in� tŚe�Ɖƌoduction�oĨ� seǀeƌaů�ŵetaboůites.�Kut�oĨ� tŚe� seǀen�
ŵetaboůites͕� ϳͲ�^� and� �''� eǆŚibited� a� siŐniĮcantůǇ� ůaƌŐeƌ�
aŵount� in� tŚe� Ɖůasŵa.� dŚe� scientiĮc� ůiteƌatuƌe� Śas� sŚown�
tŚe�antiǀiƌaů� actiǀitǇ�oĨ�baicaůein�and�baicaůin� ;ϳͲ�'Ϳ.� dŚeƌe�
aƌe�diƌect�and�indiƌect�conseƋuences�aŵonŐ�tŚeŵ.�/t�is�cƌiti-
caů� to�Ŭnow�eacŚ�ŵode�oĨ�action� in�oƌdeƌ� to�ŵaǆiŵiǌe� tŚis�
Ňaǀonoid s͛�eĸcacǇ�in�tƌeatinŐ�diseases.�dŚeƌe�aƌe�diƌect�and�
indiƌect�conseƋuences�aŵonŐ�tŚeŵ.��ůinicaů�ƌeseaƌcŚ�on�tŚis�
natuƌaů�substance s͛�eĸcacǇ͕ �Śoweǀeƌ͕ �did�not�Ɖƌoǀide�enouŐŚ�
inĨoƌŵation.��onseƋuentůǇ͕ � additionaů� eǀidenceͲbased� cůini-
caů� tƌiaůs�aƌe�ƌeƋuiƌed�to�ǀeƌiĨǇ� tŚe�saĨetǇ�and�eīectiǀeness�
oĨ�baicaůein�as�a�Ɖotentiaů� tŚeƌaƉeutic�aŐent� Ĩoƌ�a� ƌanŐe�oĨ�
Śuŵan�iůůnesses�and�Ĩoƌ�tŚe�Őood�oĨ�ŚuŵanitǇ.
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ABSTRACT
Background: Pistacia chinensis is extensively employed in traditional medicine. This study aimed to isolate and 
evaluate the therapeutic effects of 3’4’78-tetrahydroxy-3-methoxyflavone from P. chinensis crude extract.
Materials and Methods: The study utilized column chromatography for isolation. The plant extract and its iso-
lated compound were assessed for in vivo analgesic (hot plate model), anti-inflammatory (carrageenan-induced 
paw edema), sedative (open field model), and muscle relaxing properties (inclined plane and traction test).
Results: In the thermal-induced analgesic model, a significant analgesic effect was observed for the extract  
(25, 50, and 100 mg/kg) and the isolated compound (2.5, 5, 10, and 15 mg/kg) at higher doses. The extract  
(100 mg/kg) significantly prolonged latency time (21.98 seconds) after 120 minutes of administration. The iso-
lated compound elevated the latency time (20.03 seconds) after 30 minutes, remaining significant up to 120 min-
utes with a latency time of 24.11 seconds. The anti-inflammatory effect showed a reduction in inflammatory 
reactions by 50.23% (extract) and 67.09% (compound) after the fifth hour of treatment. Both samples demon-
strated significant sedative effects, with the extract hindering movement by 54.11 lines crossed compared to 
the negative control (180.99 lines). The isolated compound reduced the number of lines crossed to 15.23±SEM 
compared to the negative control. Both samples were also significant muscle relaxants. Docking studies indicated 
that the compound’s therapeutic effect is due to inhibiting COX and nociceptive pathways.
Conclusion: The isolated compound from Pistacia chinensis exhibits significant analgesic, anti-inflammatory, sedative, 
and muscle relaxing properties, with potential therapeutic applications by inhibiting COX and nociceptive pathways.
Keywords: Anacardiaceae, Analgesic, Anti-inflammatory, In vivo, Muscle relaxant, Pistacia chinensis, Sedative
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to pistag. The term pistachio can also be traced back to the 
word pista in many languages, such as Persian and the early 
classical tongues of Central Asia (3,4). The Anacardiaceae 
(R.Br.) Lindl. family (order Sapindales) originally comprised 82 
genera and 700 species of pantropical (tropical and subtropi-
cal) trees, shrubs, and lianas that secrete gums and resins (5). 
Recently included are 83 genera and 860 tree species (6).

The kakra shringi is the Chinese Pistacia chinensis vari-
ety integerrima. Located in the Himalayas from the Indus to 
Kumaon, this moderate-sized deciduous tree reaches heights 
of 18 m (7). The leaves and petioles of plants infested by 
the Pemphigus species of bug develop hard, horn-shaped, 
rugose, hollow galls (8). The crushed and dried galls possess 

Introduction

Plants have been acknowledged for millennia as having 
direct therapeutic effects for treating common disorders 
(1,2). The etymology of the term pistachio can be traced back 
to its Avestan origin, precisely the word pstk, which translates 
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a distinct aroma and flavor reminiscent of terebinth. The fla-
vor profile of these items exhibits a sharp and slightly spicy 
taste reminiscent of terebinthine notes. Additionally, there is 
a subtle balsamic aroma present (9). 

P. chinensis is a widespread Pistacia species found in Asia. 
Traditional applications of P. chinensis include wood, seed oil, 
ornamental uses, and folk remedies for detoxification, sore 
pharynx, and diarrhea (10). According to De Pooter et al (11), 
the primary chemical components of P. chinensis leaf essen-
tial oils grown in Egypt were trans-8-ocimene limonene. Two 
3-3ʹ-dimeric 4-phenyl dihydro coumarin compounds with 
estrogen-like activity were isolated from the twig extract of P. 
chinensis (12). The galls of P. chinensis are used in Ayurvedic 
medicine to treat a wide range of ailments, including but not 
limited to hiccups, asthma, chronic bronchitis, fever, vomit-
ing in infants, skin diseases, psoriasis, snake bites, scorpion 
stings, and increased hunger (13). The plant has considerable 
therapeutic potential under its pharmacological activity and 
active constituents. The P. integerrima plant has captured the 
interest of researchers, and a wealth of literature is already 
available (14). Few studies explored particular aspects of 
P. chinensis. In Pakistan, hepatitis and liver disorders are 
treated with P. chinensis galls. There have been reports of 
its leishmanicidal (15), depressant (16), analgesic and anti-
inflammatory (17), spasmolytic (18), and hyperuricemic (10) 
properties. Noureen et al (19) concluded that bioactive anti-
oxidants found in the bark of P. chinensis could be a suitable 
source for isolating potent antioxidant compounds.

In addition to its therapeutic uses, P. chinensis has numer-
ous applications in ecology and energy production, among 
others (19). P. chinensis oil, mostly fatty acids with 16 to 18 
carbon chain lengths, is chemically identical to fossil die-
sel (C15 C19) (20). P. chinensis biodiesel meets EU, US, and 
Chinese light diesel standards (21). A compound with a 
chemical structure of 2-(3,4-dihydroxyphenyl)-7,8-dihydroxy-
3-methoxy-4H-chromen-4-one compound derived from P. 
chinensis exhibits properties that can help regulate blood 
sugar levels and prevent glycation (22). P. chinensis isolated 
flavonoids have been shown to exhibit ENPP1 inhibition, 
which is a therapeutic intervention (23).

To date, only a limited number of flavones have been 
successfully commercialized, despite their potential as anal-
gesics, sedatives, muscle relaxants, and anti-inflammatory 
agents. Considerable evidence exists regarding the poten-
tial toxicity and adverse effects associated with nearly all 
commercially available flavones. Hence, the present study 
was designed to investigate the potential in vivo analgesic, 
sedative, muscle relaxant, and anti-inflammatory properties 
of the compound 3’,4’,7,8-tetrahydroxy-3-methoxyflavone 
derived from P. chinensis. The aim was to determine if these 
effects could be achieved with minimal adverse effects, tak-
ing into consideration the traditional use of the plant.

Materials and methods

Plant collection 

P. chinensis (Bunge) seeds were acquired from the 
University of Peshawar’s botanical garden. Dr. Muhammad 
Ilyas, Department of Botany, University of Swabi, KP, Pakistan, 

identified the plant species delivered to the department. The 
specimen with the voucher number Pistacia chinensis was 
stored in the department’s herbarium.  

The obtained seeds were shade-dried for 20 days and 
washed with water to remove grit. After that, the desiccated 
grain was ground into a powder using a grinder. One kilogram 
of powdered plant material was immersed in methanol for 
10 days to extract the most significant number of polar sec-
ondary metabolites. The obtained extract was concentrated 
at low temperature and pressure using a rotary evaporator, 
yielding 18.9 g of extract (2.11%).

Extraction and isolation

The seeds of P. chinensis were rinsed with water to 
remove dust. The washed seeds (8.32 kg) were pulverized 
using a machine to produce the powdered plant materials. 
The plant material was subjected to a 20-day cold extraction 
with methanol (10 mL). The extract was concentrated using 
a rotary evaporator under reduced temperature and pres-
sure, yielding 112 g of crude extract. To remove the less polar 
compounds from the crude extract, it was defatted with 
n-hexane. The 22.2 g defatted crude extract was subjected 
to column chromatography, yielding compound 1 (Figure 1). 
Physical and spectroscopic data were compared to previously 
reported data to determine the isolated compound chemical 
structure (20,21,24).

O
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FIGURE 1 - The chemical structure of the isolated compound 1 from 
Pistacia chinensis.

Classification of animals

The BLAB/c mice of either sex weighing 23-27 g were 
obtained from the National Institute of Heath Islamabad, 
Pakistan. The animals were classified for the in vivo experi-
ments as negative control (treated with normal saline, 
10 mL/kg), positive control (treated with standard drug), and 
extract/compounds were administered to the tested groups. 
This study was approved by the ethical committee (SOU/
Pharm-23), Department of Pharmacy, University of Swabi, KP, 
Pakistan, on January 15, 2023.

Analgesic screening 

A hot plate analgesia meter was used to evolve the anal-
gesic effect. Animals were classified as above. All the animals 
were tested on hot plates for positive responses. The animals 
were treated with extract or compound, and after 30 min-
utes of treatment, each animal was placed at the center of a 
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hot plate, and the time of stay on the hot plate was counted 
in seconds (latency time). The animal that stayed more than 
25 seconds (cut-off time) was excluded from the study. The 
latency time was periodically observed at 30, 60, 90, and 120 
minutes posttreatment (25). Tramadol was used as a stan-
dard drug.

Anti-inflammatory activity 

After correctly classifying animals into the abovemen-
tioned categories, the negative control group was admin-
istered normal saline, and the positive control group was 
administered diclofenac sodium. The rest of the groups were 
treated with extract and isolated compound 1. After 30 min-
utes of these treatments, carrageenan (1%, 0.05 mL) was 
administered subcutaneously to the right hind paw of each 
animal. The induced inflammation was determined in the 
form of paw edema. This paw volume was measured regu-
larly, and the anti-inflammatory effect percentage was calcu-
lated using the following formula:

Percent effect
A B
A

=
−
×100

where A and B represent the paw edema of the negative 
and positive control groups, respectively (26).  

Sedative screening 

Using our previously published paradigm, the open-field 
method was used to evaluate the sedative effect of the 
extract and the compound. The experimental room’s sound-
proofing consisted of a wooden cage with equal space. The 
animals were categorized as described earlier, and the posi-
tive control group was administered diazepam (0.5 mg/kg). 
After 30 minutes of treatment with normal saline (negative 
control), diazepam (positive control), and extract/compound 
(tested groups), the sedative effect of each animal in the spe-
cial wooden box was evaluated. The animal was deposited 

in the center of the box, and for 10 minutes, the number 
of lines it crossed was recorded. The greater the number of 
crossed lines, the less sedative the drug, and vice versa (27).

Muscle relaxant activity 

Inclined plane and traction tests were used to determine 
muscle coordination potential. In the inclined plane test, a 
plane was designed with an angle of 65° on which an animal 
will slide. A metallic wire coated with rubber was used in case 
of traction test on which the animal will hang. After correctly 
classifying animals into various groups as above, the groups 
were appropriately treated with normal saline, diazepam, 
and extract/compound. After 30 minutes of these treat-
ments, the animal’s muscle coordination effect was checked 
on an inclined plan for 5 seconds and the hanging duration 
for 5 seconds. The sliding of animals within 5 seconds meant 
animals with relaxed muscles, and the passing of animals to 
hang with wire for 5 seconds reflects no muscle relaxation 
effect.

Docking

Interaction analysis via docking between receptors and 
ligands is essential for finding ligand inhibition patterns. We 
performed docking studies using MOE software version MOE 
2016.0802 (Chemical Computing Group, Canada). Interactions 
of the new ligand and the superimposed co-crystallized ligand 
have been found.

Results

The extract and isolated compound were significantly 
analgesic in thermally induced algesia, as shown in Table 1. 
The analgesic effect of the extract (25, 50, and 100 mg/kg) 
and the isolated compound (2.5, 5, 10, and 15 mg/kg) was 
dose dependent. The extract (100 mg/kg) exhibited a sig-
nificant (p<0.01) prolonged latency time (16.76 seconds) as 

TABLE 1 - Analgesic effect of Pistacia chinensis crude extract and isolated compound

Group Dose (mg/kg) Time (minutes)

30 60 90 120

NS 10 mL 9.18 ± 0.06 9.19 ± 0.09 9.17 ± 0.10 9.20 ± 0.08

Tramadol 10 25.23 ± 0.07*** 25.30 ± 0.13*** 26.00 ± 0.15*** 26.43 ± 0.12***

Extract 25 9.65 ± 0.90 13.98 ± 0.43 14.00 ± 0.27 13.90 ± 0.87

50 12.43 ± 0.79 16.09 ± 0.66** 16.98 ± 0.64** 17.00 ± 0.54**

100 14.76 ± 0.66 19.49 ± 0.65** 17.07 ± 0.43** 16.90 ± 0.23**

250 16.76 ± 0.76** 21.65 ± 0.54*** 22.24 ± 0.21*** 21.98 ± 0.11***

Compound 1 2.5 11.76 ± 0.45 14.98 ± 0.54 15.00 ± 0.34 14.87 ± 0.39

5 13.09 ± 0.66 17.34 ± 0.28** 17.98 ± 0.54** 17.32 ± 0.40**

10 17.32 ± 0.55 20.87 ± 0.51*** 20.98 ± 0.28*** 20.07 ± 0.45***

15 20.03 ± 0.45*** 24.08 ± 0.55 24.65 ± 0.54*** 24.11 ± 0.43***

ANOVA = analysis of variance; NS = normal saline, SEM = standard error of the mean.
***p<0.001, **p<0.01.
Data are presented as mean ± SEM. The level of statistical significance was calculated through GraphPad Prism using an ANOVA analysis test. 
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compared to negative control after 30 minutes of administra-
tion, and this effect remained significant (p<0.001) up to 120 
minutes (21.98 seconds latency time) after administration. 
The isolated compound elevated the latency time (20.03 sec-
onds) after 30 minutes where the effect remained significant 
up to 120 minutes with a latency time of 24.11 seconds.

The anti-inflammatory effect of the extract and com-
pound is exhibited in Figure 2. The extract reduced the 
edema by 20.23% after 3 hours of administration and sig-
nificantly by 50.23% after 5 hours of experimental duration. 
The isolated compound attenuated the inflammatory reac-
tions up to 86.32% after 3 hours, and this anti-inflammatory 
process was improved by 67.09% after 5 hours of compound 
administration.

FIGURE 2 - Percentage of the anti-inflammatory effect of crude 
extract and isolated compound 1 of Pistacia chinensis on carrage-
enan paw in mice. 

The crude extract and isolated compound from P. chinen-
sis were found to be significant sedatives in the open-field 
model, as shown in Table 2. No sedative effect was observed 
in lower doses (25 and 50 mg/kg), while the higher doses 
(100 and 250 mg/kg) demonstrated significant (p<0.001) 
hindrance in the movement of animals. The isolated com-
pound resulted in a more sedative effect as compared to the 
extract. The movement of animals was significantly (p<0.01) 

hindered (54.11 lines crossed as compared to the negative 
control – 180.99 lines crossed by animals). The isolated com-
pound reduced the number of lines crossed up to 15.23 com-
pared to the negative control.   

The effect on muscle coordination of crude extract and 
isolated compound from P. chinensis is presented in Table 3. 
A significant muscle relaxant effect was noticed in both experi-
mental models. Uniform muscle relaxation was noted dose-
dependently and time-dependently. The extract (250 mg/kg)  
demonstrated a 42.88% and 43.56% effect in the inclined 
plane and traction model, respectively. The isolated com-
pound exhibited up to 70% muscle relaxation at 15 mg/kg.

We also performed docking studies by using Molecular 
Operating Environment (MOE) software. Compound 3’,4’,7,8- 
tetrahydroxy-3-methoxyflavone isolated from P. chinensis 

TABLE 2 - Sedative activity of crude extract and isolated compound 
from Pistacia chinensis

Samples Dose (mg/kg) Number of lines crossed 

NS 5 mL 180.99 ± 3.54

Diazepam 0.5 2.32 ± 0.43***

Extract 25 85.29 ± 3.33

50 76.76 ± 3.09

100 67.09 ± 2.64*

250 54.11 ± 2.65**

Compound 1 2.5 45.24 ± 2.01**

5 36.23 ± 1.77***

10 25.09 ± 1.50***

15 15.23 ± 1.32***

ANOVA = analysis of variance; NS = normal saline, SEM = standard error of 
the mean.
***p<0.001, **p<0.01.
Data are presented as mean ± SEM. The level of statistical significance was 
calculated through GraphPad Prism using the ANOVA analysis test.

TABLE 3 - Muscle relaxant effect of crude extract and isolated compound from Pistacia chinensis

Group Dose (mg/kg) Inclined plane model (%) Traction model (%)

30 60 90 30 60 90

NS 10 mL/kg – – – – – –

Diazepam 0.5 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0

Crude extract 25 14.43 ± 3.02 20.43 ± 2.76 21.98 ± 2.00 15.23 ± 2.54 21.43 ± 2.87 22.06 ± 2.41

50 20.98 ± 2.87 26.98 ± 2.80 27.55 ± 2.04 21.64 ± 2.89 27.98 ± 2.98 28.54 ± 2.47

100 27.43 ± 2.88 33.98 ± 2.82 34.80 ± 2.76 28.09 ± 2.54 34.09 ± 2.93 34.87 ± 2.44

250 34.54 ± 2.90 41.09 ± 2.66 42.88 ± 2.54 35.88 ± 2.34 43.09 ± 2.65 43.56 ± 2.56

Compound 1 2.5 41.67 ± 2.20 47.54 ± 2.12 48.54 ± 2.10 42.01 ± 2.11 47.99 ± 2.04 48.39 ± 3.01

5 48.09 ± 2.80 55.87 ± 2.00 55.32 ± 2.11 49.32 ± 1.80 56.43 ± 2.13 56.91 ± 2.98

10 56.43 ± 2.32 63.98 ± 2.34 63.98 ± 2.65 57.13 ± 1.90 64.36 ± 2.06 65.08 ± 2.662

15 62.09 ± 2.77 68.33 ± 2.66 69.03 ± 2.90 62.78 ± 1.66 70.02 ± 2.08 70.98 ± 2.14

ANOVA = analysis of variance; NS = normal saline, SEM = standard error of the mean.
***p<0.001, **p<0.01.
Data are presented as mean ± SEM. The level of statistical significance was calculated through GraphPad Prism using the ANOVA analysis test. 
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(Anacardiaceae) docked in the binding sites of pain modulat-
ing and inflammatory receptors having PDB accession codes 
1EQG, 1CX2, 4EJ4, 4DJH, 4DKL for COX-1, COX-2, DOR, KOR, 
and MOR (28-31). 

Two-dimensional interaction plots of native ligand ibu-
profen and isolated flavon in the binding sites of cyclooxy-
genase (COX)-1 are shown in Figure 3. Ibuprofen showed 
hydrogen bonding interaction with the receptor COX-1 
(Fig. 3A). Isolated flavone interacts with COX-1 residues 
(Gly526, Ser530, Tyr355) and showed good interactions for 
inhibiting pain and inflammation modulation that includes 
one conventional hydrogen bond with residue Ser530, π-π 
interaction with residue Gly526, and amide-π stacking with 
residue Tyr355 (Fig. 3B).

FIGURE 3 - A) Ibuprofen (co-crystalized native ligand) two-
dimensional interaction plot in the cyclooxygenase-1 (COX-1) 
receptor binding site. B) Isolated compound 3’,4’,7,8-tetrahydroxy-3- 
methoxyflavone two-dimensional interaction plot in the COX-1 
receptor.

Two-dimensional interaction plots of native ligand SC-558 
and isolated compound in the binding site of COX-2 are 
shown in Figure 4. SC-558 inhibitor has good hydrogen bond-
ing interaction with the receptor COX-2 (Fig. 4A). Isolated 
flavone interacts with the COX-2 receptor and showed five 
conventional hydrogen bond interactions with residues 
Tyr385, Leu352, His90, Arg120, and Tyr355, which enhance 
the ligand-inhibiting efficacy (Fig. 4B). 

FIGURE 4 - A) SC-558 (co-crystalized native ligand) two-dimensio-
nal interaction plot in the cyclooxygenase-2 (COX-2) receptor bin-
ding site. B) Isolated flavone two-dimensional interaction plot in 
the COX-2 receptor binding site.

Two-dimensional interaction plots of native ligand nal-
trindole and isolated compound in the binding site of  delta 
opioid receptor (DOR) are shown in Figure 5. Naltrindole has 
good interactions such as conventional hydrogen bonding 

interaction and π-sulfur with the DOR (Figure 5A). Isolated 
compound flavone interacts with the DOR by residues 
Met132, His278, Asp128, Ile304 and exhibited three conven-
tional hydrogen bonds with residues His278, Asp128, Ile304 
and a π-sulfur interaction with residue Met132 (Figure 5B).

FIGURE 5 - A) Naltrindole (co-crystalized native ligand) two-dimen-
sional interaction plot in the delta opioid receptor (DOR) receptor 
binding site. B) Isolated flavone two-dimensional interaction plot in 
the DOR binding site.

Two-dimensional interaction plots of native ligand JDTic 
and isolated compound in the binding site of  kappa opioid 
receptor (KOR) are shown in Figure 6. JDTic inhibitor has 
good interactions such as conventional hydrogen bond-
ing, π-π stacking, and π-sulfur interaction with KOR (Figure 
6A). Isolated flavone interacted with KOR residues (Met142, 
His291, Tyr312, Tyr139) and showed three conventional 
hydrogen bonds with residues His291, Tyr312, Tyr139 and 
π-sulfur interaction with residue Met142 (Figure 6B).

FIGURE 6 - A) JDTic (co-crystallized native ligand) two-dimensional 
interaction plot in the kappa opioid receptor (KOR) receptor bin-
ding site. B) Isolated flavone two-dimensional interaction plot in 
the KOR binding site.

Two-dimensional interaction plots of native ligand 
(b-FNA) and isolated compound in the binding site of  mu opi-
oid receptor (MOR) are shown in Figure 7. The co-crystalized 
ligand has good interactions, such as conventional hydrogen 
bonding and π-sulfur interaction with the MOR (Figure 7A). 
Isolated compound interacts with MOR binding site residues 
Val300, Asp147, Tyr326, Asn150, and His297 and showed 
good interactions for inhibiting pain, euphoria, sedation, 
and respiratory depression receptors, which included three 
conventional hydrogen bonds with residues Asp147, Asn150, 
His297, π-π stacking with residue Tyr326, and π-sigma inter-
action with residue Val300 (Figure 7B).



Studies of 3’,4’,7,8-tetrahydroxy-3-methoxyflavone52 

© 2024 The Authors. Drug Target Insights - ISSN 1177-3928 - www.aboutscience.eu/dti

FIGURE 7 - A) b-FNA (co-crystalized native ligand) two-dimensional 
interaction plot in the mu opioid receptor (MOR) receptor binding 
site. B) Isolated compound two-dimensional interaction plot in the 
MOR binding site.

Discussion

The search for new, safe and effective economical drug 
candidates is challenging for medicinal chemists in the mod-
ern era. The pain, inflammation, and insomnia are treated 
with various drug regimens, and each of these analgesic, 
anti-inflammatory, and sedative drugs has mild or significant 
side effects. Due to these side effects, patient compliance 
is declining, and ultimately, the patient seeks an alterna-
tive therapeutic agent. This switching of therapeutic options 
leads to therapy failure. Therefore, searching for a safe and 
effective drug molecule is essential. The present study was 
conducted to find a suitable drug molecule from P. chinensis. 
This medicinal plant is used locally to treat pain, inflamma-
tion (31), fever, and depression (10). To provide a scientific 
background to this folklore, the crude extract and isolated 
compound of P. chinensis were tested for analgesic, anti-
inflammatory, and muscle coordination effects. The extract 
and isolated constituent demonstrated a significant analgesic 
effect in the thermal-induced pain model. This pain model 
is used to find central analgesic potential (32). The prolon-
gation of latency time by extracting and isolating molecules 
reflects the central analgesic potential. The central analgesic 
pathway is attributed to the stimulation of opioid receptors 
(25). Once these inhibitor receptors link with inhibitor pro-
teins and are stimulated with ligand, the neurotransmitters’ 
(substance p) release is blocked, and pain sensation is dimin-
ished. The results of the hot plate indicate that the extract or 
compound might be agnostic for opioid receptors. The sam-
ples to be tested also attenuated the induced paw edema in 
the inflammatory model. This attenuation of induced paw 
edema by inflammatory mediators (carrageenan) indicates 
the COX inhibitory potential. The extract and compound also 
proved to be a sedative following previous studies (33). The 
muscle relaxation effect is also a promising adjuvant with 
analgesic and anti-inflammatory effects.

Docking studies were performed for the isolated com-
pound against COX-1,2, DOR, KOR, and MOR, and their 
interactions were also compared with native co-crystalized 
ligands of each receptor. Analgesic drugs help to reduce the 
pain and are also called painkillers. In our current study, we 
performed analgesic and anti-inflammatory in vivo activity 
by keeping the tramadol and diclofenac as standard drugs. 

Results showed that isolated compounds have good anal-
gesic and anti-inflammatory effects. COX receptors synthe-
size prostaglandins, prostanoids, and thromboxane, which 
cause inflammation and pain. COX receptor inhibition helps 
to get relief from pain and inflammation. COX-1 and COX-2 
are the two COX receptors. Opioid receptors belong to the 
seven transmembrane G protein-coupled receptors (GPCRs). 
Opioid receptors are known for mediating the hormones and 
neurotransmitters. Opioid receptors are also the primary tar-
get for anti-analgesics, anti-inflammatory drugs, antidepres-
sants, sedatives, and muscle relaxant medications. Opioid 
receptors are extensively dispersed in the central and periph-
eral nervous systems (CNS and PNS). Opioid receptors are 
classified as delta, kappa, and mu opioid receptors.  

In our current study, the experimental results showed 
that the isolated compound has a significant sedative and 
muscle relaxant effect. We performed docking studies on 
two forms of COX (COX-1, COX-2) and three opioid recep-
tors (delta, kappa, and mu). Isolated flavone from P. chinen-
sis (Anacardiaceae) showed strong interactions with COXs. 
In the binding site of COX-1, the compound exhibited one 
hydrogen bond formed with residue Ser530, π-π interaction 
with Gly526, and amide-π stacking with residue Tyr355. In 
contrast, the isolated flavone interacted with two critical resi-
dues (His90 and Leu352) in the COX-2-specific binding site. 
The computed crucial energy values for isolated flavone in 
the binding sites of COX-1 and COX-2 are −6.374 and −7.019 
kcal/mol, respectively. These values showed that it predomi-
nantly inhibited COX-2. However, it may be classified as a non-
selective COX inhibitor. Isolated flavone also exhibited strong 
interactions with all studied opioid receptors. The calculated 
binding energy values for DOR, KOR, and MOR are −6.2942, 
−6.7136, and −6.6148 kcal/mol, respectively. Docking stud-
ies on COX isoforms and opioid receptors showed that the 
compound exerts its therapeutic effect by inhibiting COX and 
nociceptive pathways. 

P. chinensis extract and isolated compound exhibited 
potent analgesic, anti-inflammatory, sedative, and muscle 
relaxant properties. Consequently, our findings justify using P. 
chinensis extract and isolated compounds to treat numerous 
diseases. The discovery of novel pharmaceutical products will 
result from the detailed mechanism studies conducted for 
drug discovery. Docking studies on COX isoforms and opioid 
receptors showed that the compound exerts its therapeutic 
effect by inhibiting COX and nociceptive pathways. 
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ABSTRACT
Objective:��ntiͲƉatŚoŐenic�Ɖotentiaů�oĨ�a�ƉoůǇŚeƌbaů�Ĩoƌŵuůation��nteƌoƉanΠwas�inǀestiŐated�aŐainst�a�ŵuůtidƌuŐͲ
ƌesistant�stƌain�oĨ�tŚe�bacteƌiuŵ�Pseudomonas aeruginosa. 
Methods:�'ƌowtŚ͕�ƉiŐŵent�Ɖƌoduction͕�antibiotic�susceƉtibiůitǇ͕ �etc.͕�weƌe�assessed�tŚƌouŐŚ�aƉƉƌoƉƌiate�in vitro
assaǇs.�siƌuůence�oĨ�tŚe�test�ƉatŚoŐen�was�assessed�eŵƉůoǇinŐ�tŚe�neŵatode�woƌŵ�Caenorhabditis elegans as 
a�ŵodeů�Śost.�Doůecuůaƌ�ŵecŚanisŵs�undeƌůininŐ�tŚe�antiͲƉatŚoŐenic�actiǀitǇ�oĨ�tŚe�test�Ĩoƌŵuůation�weƌe�eůuci-
dated�tŚƌouŐŚ�wŚoůe�tƌanscƌiƉtoŵe�anaůǇsis�oĨ�tŚe�eǆtƌactͲeǆƉosed�bacteƌiaů�cuůtuƌe.�
Results:� �nteƌoƉanͲƉƌeͲeǆƉosed�P. aeruginosa� disƉůaǇed� ƌeduced� ; ~ ϳϬйљͿ�ǀiƌuůence� towaƌds� tŚe�ŵodeů�Śost�
C. elegans.� �nteƌoƉan�aīected�ǀaƌious� tƌaits� ůiŬe�bioĮůŵ� Ĩoƌŵation͕�Ɖƌotein� sǇntŚesis�and� secƌetion͕�ƋuoƌuŵͲ
ŵoduůated�ƉiŐŵent�Ɖƌoduction͕� antibiotic� susceƉtibiůitǇ͕ � nitƌoŐen�ŵetaboůisŵ͕�etc.͕� in� tŚis�ƉatŚoŐen.�P. aeru­
ginosa� couůd� not� deǀeůoƉ� coŵƉůete� ƌesistance� to� tŚe� ǀiƌuůenceͲaƩenuatinŐ� actiǀitǇ� oĨ� �nteƌoƉan� eǀen� aŌeƌ�
ƌeƉeated�eǆƉosuƌe�to�tŚis�ƉoůǇŚeƌbaů�Ĩoƌŵuůation.�tŚoůe�tƌanscƌiƉtoŵe�anaůǇsis�sŚowed�ϭϳй�oĨ�P. aeruginosa
Őenoŵe�to�Őet�diīeƌentiaůůǇ�eǆƉƌessed�undeƌ�inŇuence�oĨ��nteƌoƉan.�Daũoƌ�ŵecŚanisŵs�tŚƌouŐŚ�wŚicŚ��nteƌo-
Ɖan�eǆeƌted�its�antiͲǀiƌuůence�actiǀitǇ�weƌe�Ĩound�to�be�Őeneƌation�oĨ�nitƌosatiǀe�stƌess͕�oǆidatiǀe�stƌess͕�enǀeůoƉ�
stƌess͕�Ƌuoƌuŵ�ŵoduůation͕�distuƌbance�oĨ�Ɖƌotein�Śoŵeostasis�and�ŵetaů�Śoŵeostasis.�EetwoƌŬ�anaůǇsis�oĨ�tŚe�
diīeƌentůǇ�eǆƉƌessed�Őenes�ƌesuůted�in�identiĮcation�oĨ�ϭϬ�Ɖƌoteins�witŚ�ŚiŐŚ�netwoƌŬ�centƌaůitǇ�as�Ɖotentiaů�taƌ-
Őets�Ĩƌoŵ�aŵonŐ�tŚe�downƌeŐuůated�Őenes.��iīeƌentiaů�eǆƉƌession�oĨ�Őenes�codinŐ�Ĩoƌ�Įǀe�;rpoA͕�tig͕�rpsB͕�rpsL͕�
and  rpsJͿ�oĨ�tŚese�taƌŐets�was�ǀaůidated�tŚƌouŐŚ�ƌeaůͲtiŵe�ƉoůǇŵeƌase�cŚain�ƌeaction�too͕�and�tŚeǇ�can�ĨuƌtŚeƌ�be�
Ɖuƌsued�as�Ɖotentiaů�taƌŐets�bǇ�ǀaƌious�dƌuŐ�discoǀeƌǇ�ƉƌoŐƌaŵŵes.
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Detaů�Śoŵeostasis͕�EetwoƌŬ�anaůǇsis͕�Eitƌosatiǀe�stƌess͕�WoůǇŚeƌbaů͕�dƌanscƌiƉtoŵe
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ŵuůtidƌuŐͲƌesistant� ;D�ZͿ� P. aeruginosa� was� ƌesƉonsibůe�
Ĩoƌ�an�estiŵated�ϯϮ͕ϲϬϬ�ŚosƉitaůiǌations͕�and�Ϯ͕ϳϬϬ�deatŚs�
in� ϮϬϭϳ� ;ϮͿ.� ,eaůtŚcaƌe� costs� in� tŚe� hnited� ^tates� aůone�
aƩƌibuted� to� tŚese� inĨections� weƌe� estiŵated� to� be� ϳϲϳ�
ŵiůůion�h^�.�>ateƌ�ƌeůeased�uƉdate�to�tŚis�ƌeƉoƌt�indicated�
an� incƌease� in� nuŵbeƌ� oĨ� inĨections� caused� bǇ� ŚosƉitaůͲ
onset�D�Z�P. aeruginosa� in� ϮϬϮϮ� as� coŵƉaƌed� to� tŚat� in�
ϮϬϭϵ� ;KnůineͿ.� �ccoƌdinŐ� to� a� studǇ� conducted� bǇ�taƩaů�
et�aů�;ϯͿ͕�/ndia�Śoůds�a�ůeadinŐ�Ɖosition�ŐůobaůůǇ�witŚ�ƌesƉect�
to� consuŵƉtion� oĨ� antibiotics� Ĩoƌ� Śuŵan� use.� dŚis� ŚeaǀǇ�
antibiotic�usaŐe�contƌibutes�siŐniĮcantůǇ�towaƌds�antibiotic�
ƌesistance͕� ƌesuůtinŐ� in� a� substantiaů� incƌease� in� ŵoƌtaů-
itǇ� aŵonŐ� newboƌns�wŚo� contƌact� seƉsis� caused� bǇ�D�Z�
ƉatŚoŐens. P. aeruginosa� disƉůaǇs� ǀeƌsatiůitǇ� witŚ� ƌesƉect�
to� tǇƉes�oĨ� inĨections� it� causes͕� as� it� Śas�been� inǀoůǀed� in�
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�ntibioticͲƌesistant� stƌains� oĨ� tŚe� ŐƌaŵͲneŐatiǀe� bacte-

ƌiaů� ƉatŚoŐen� Pseudomonas aeruginosa� aƌe� ƌesƉonsibůe�
Ĩoƌ� consideƌabůe� ŵoƌbiditǇ� and� ŵoƌtaůitǇ� ŐůobaůůǇ� ;ϭͿ.� �s�
Ɖeƌ� ���͛s� �ntibiotic� Zesistance� dŚƌeat� ZeƉoƌt� ;ϮϬϭϵͿ͕�
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Ɖneuŵonia͕� uƌinaƌǇ� tƌact� inĨections͕� bůoodstƌeaŵ� inĨec-
tions͕�and�suƌŐicaů� site� inĨections.�,osƉitaůiǌed�Ɖatients�on�
ǀentiůatoƌs͕�tŚose�witŚ�catŚeteƌs͕�suƌŐicaů�wounds͕�oƌ�buƌns�
aƌe� ƉaƌticuůaƌůǇ� at� ŚiŐŚeƌ� ƌisŬ� oĨ� contƌactinŐ�P. aeruginosa
inĨection� ;ϰͿ.� tŚiůe tƌeatinŐ� D�Z� P. aeruginosa� inĨec-
tions͕� tŚe� cŚoice� oĨ� aǀaiůabůe� eīectiǀe� antibiotics� ƌeŵains�
Ƌuite� naƌƌow� ;ϱͿ͕� and� Śence� tŚeƌe� is� an� uƌŐent� need� Ĩoƌ�
discoǀeƌǇ� and� deǀeůoƉŵent� oĨ� noǀeů� antibacteƌiaů� aŐents/
Ĩoƌŵuůations�aŐainst�tŚis�notoƌious�ƉatŚoŐen.

dƌaditionaů�ŵedicine�;dDͿ�Ĩoƌŵuůations�can�be�a�Ɖotentiaů�
souƌce� oĨ� noǀeů� ůeads� aŐainst� bacteƌiaů� ƉatŚoŐens� incůudinŐ�
P. aeruginosa.� ^ince� dD� oŌen� ƌeůies� on� ƉoůǇŚeƌbaů� Ĩoƌŵuůa-
tions� ;ϲ͕ϳͿ� Ĩoƌ� tƌeatŵent͕� and� tŚese�ƉoůǇŚeƌbaů� Ĩoƌŵuůations�
disƉůaǇ� ͚ŵuůtiƉůicitǇ� oĨ� taƌŐets͛� ;ϴͿ� aŐainst� susceƉtibůe�ƉatŚo-
Őens͕�inǀestiŐatinŐ�tŚe�eīect�oĨ�sucŚ�Ĩoƌŵuůations�in�tŚe�ƉatŚo-
Őens�at�wŚoůe�ŵetaboůoŵe�oƌ�tƌanscƌiƉtoŵe�ůeǀeů�can�ƌesuůt�
in� discoǀeƌǇ� oĨ� new� ŵoůecuůaƌ� taƌŐets� in� ƉatŚoŐens.� tŚiůe�
deaƌtŚ�oĨ�noǀeů�ceůůuůaƌ�and�ŵoůecuůaƌ�taƌŐets�Śas�been�one�oĨ�
tŚe�ŵaũoƌ�Śuƌdůes�in�new�antibiotic�discoǀeƌǇ�;ϵ͕ϭϬͿ͕�eůucidat-
inŐ�tŚe�antiͲƉatŚoŐenic�Ɖotentiaů�oĨ�ƉoůǇŚeƌbaů�Ĩoƌŵuůations�at�
ŵoůecuůaƌ�ůeǀeů�can�be�Ƌuite�ƌeůeǀant.�KŌen�tŚese�ƉoůǇŚeƌbaů�
Ĩoƌŵuůations� eǆŚibit� antiͲǀiƌuůence� eīect� ;ϭϭͿ� ƌatŚeƌ� tŚan�
diƌectůǇ� inŚibitinŐ�ŐƌowtŚ�oĨ� tŚe�taƌŐet�ƉatŚoŐens.�dŚeǇ�ŵaǇ�
do�so�bǇ�aīectinŐ�eǆƉƌession�oĨ�nonͲessentiaů�Őenes�;i.e.�otŚeƌ�
tŚan�ŚouseŬeeƉinŐ�ŐenesͿ�in�tŚe�ƉatŚoŐens.�

Wƌesent� studǇ� inǀestiŐated� one� ƉoůǇŚeƌbaů� Ĩoƌŵuůation�
;�nteƌoƉanͿ�Ĩoƌ� its�antiͲƉatŚoŐenic�Ɖotentiaů�aŐainst�a�D�Z�
P. aeruginosa.� dŚis� Ĩoƌŵuůation� oƌ� its� coŵƉonent� Ɖůant�
eǆtƌacts� aƌe� tƌaditionaůůǇ� beinŐ�Ɖƌescƌibed� Ĩoƌ� tƌeatŵent�oĨ�
iƌƌitabůe� boweů� sǇndƌoŵe͕� diaƌƌŚoea͕� dǇsenteƌǇ͕ � and� otŚeƌ�
Őastƌointestinaů�Ɖƌobůeŵs�;Knůine) . 

Materials and methods
Test formulation

dest�Ĩoƌŵuůation��nteƌoƉanΠ�was�Ɖƌocuƌed�Ĩƌoŵ��ƌ. WaůeƉ s͛�
Dedicaů�ZeseaƌcŚ�&oundation�Wǀt.� >td͕�Duŵbai.��ůů� tŚe�nine�
inŐƌedient�Ɖůants�and�tŚeiƌ�Ɖaƌts�wŚose�ŚǇdƌoaůcoŚoůic�eǆtƌacts�
Śaǀe� been� ŵiǆed� to� ƉƌeƉaƌe� tŚis� Ĩoƌŵuůation� aƌe� ůisted� in�
dabůe ϭ.�te�obtained�tŚe�ƉoůǇŚeƌbaů�ŵiǆ� Ĩƌoŵ�tŚe�ŵanuĨac-
tuƌeƌ� in� dƌied� Ɖowdeƌ� Ĩoƌŵ�witŚout� anǇ� buůŬinŐ� aŐent͕� and�
ŵiǆed�ϰ�Ő�oĨ� it� in�ϴ�ŵ>�oĨ�diŵetŚǇůsuůĨoǆide�;�D^K͖�DeƌcŬͿ.�
dŚe� �D^KͲsoůubůe� Ĩƌaction� oĨ� �nteƌoƉan� was� Ĩound� to� be�
ϳϭ.ϭϳй�ц�ϯ.Ϭϳ.��Ōeƌ�seƉaƌatinŐ�tŚe�insoůubůe�Ĩƌaction�tŚƌouŐŚ�
centƌiĨuŐation͕� tŚe� ƌeŵaininŐ� �D^KͲdissoůǀed� Ĩƌaction� was�
stoƌed�undeƌ�ƌeĨƌiŐeƌation.

Test organisms

P. aeruginosa�stƌain�was�souƌced�Ĩƌoŵ�ouƌ�inteƌnaů�ůab�cuů-
tuƌe�coůůection.� /ts�antibioŐƌaŵ�;dab.�^ϭͿ�Őeneƌated�tŚƌouŐŚ�
disc�diīusion�assaǇ� ƌeǀeaůed� it� to�be� ƌesistant� to� tŚƌee�diĨ-
Ĩeƌent� cůasses�oĨ�antibiotics͕� tŚat� is͕� coͲtƌiŵoǆaǌoůe� ;coŵbi-
nation�oĨ�tƌiŵetŚoƉƌiŵ�and�suůĨaŵetŚoǆaǌoůeͿ͕�stƌeƉtoŵǇcin�
;aŵinoŐůǇcosideͿ͕�and�auŐŵentin� ;coŵbination�oĨ�aŵoǆiciů-
ůin�and�cůaǀuůanic�acidͿ.��ntibiotic�susceƉtibiůitǇ�oĨ�tŚis�stƌain�
to�ŬanaŵǇcin�was�cůassiĮed�as�͚inteƌŵediate .͛�Pseudomonas
bƌotŚ�;ϮϬ�Ő/>�ƉeƉtic�diŐest�oĨ�aniŵaů�tissue͕�ϭϬ�Ő/>�Ɖotassiuŵ�
suůƉŚate͕� ϭ.ϰ� Ő/>�ŵaŐnesiuŵ� cŚůoƌide͕� ϯй� ǀ/ǀ� ŐůǇceƌoů͕� Ɖ,�

ϳ.Ϭ ц Ϭ.ϮͿ�oƌ�aŐaƌ� ;,iDediaͿ�was�used�to�cuůtiǀate�tŚis�bac-
teƌiuŵ.�/nocuůuŵ�densitǇ�oĨ�tŚis�bacteƌiuŵ�to�be�used�in�aůů�
eǆƉeƌiŵents� was� adũusted� at� K� 6 25 � с� Ϭ.ϬϴͲϬ.ϭϬ� to� acŚieǀe�
eƋuiǀaůence�to�Dc&aƌůand�tuƌbiditǇ�standaƌd�Ϭ.ϱ.

Escherichia coli� KWϱϬ� Ɖƌocuƌed� Ĩƌoŵ� >abd/�� �.s.� tŚe�
EetŚeƌůands�was�used�as� Ĩood� Ĩoƌ�Caenorhabditis elegans͕�
wŚiůe� ŵaintaininŐ� tŚe� woƌŵ� on� E'D� ;neŵatode� ŐƌowtŚ�
ŵediuŵ͖�ϯ� Ő/>�Ea�ů͕� ϭ�D��a�ů2͕� ϭ�D�DŐ^K4͕� Ϯ.ϱ� Ő/>�ƉeƉ-
tone͕�ϱ�ŵŐ/ŵ>�cŚoůesteƌoů͕�ϭ�D�ƉŚosƉŚate�buīeƌ�oĨ�Ɖ,�ϲ͕�
ϭϳ�Ő/>�aŐaƌͲaŐaƌͿ.

dŚe� neŵatode� woƌŵ� C. elegans� ;EϮ� �ƌistoů͕� Ɖƌocuƌed�
Ĩƌoŵ� //d�'andŚinaŐaƌ͕ �'uũaƌat͕� /ndiaͿ�was� used� as� a�ŵodeů�
Śost� Ĩoƌ�P. aeruginosa.�dŚe�woƌŵ�was�ŵaintained�on�E'D�
aŐaƌ�Ɖůates.�toƌŵ�sǇncŚƌoniǌation�was�done�as�descƌibed�in�
ůiteƌatuƌe�;ϭϮͿ�and�in�ouƌ�Ɖƌeǀious�studies�;ϭϯ͕ϭϰͿ�too.�Wƌioƌ�
to�aůů�in vivo�assaǇs͕�woƌŵs�weƌe�ŬeƉt�witŚout�Ĩood�Ĩoƌ�Ϯ�daǇs�
to�ŵaŬe�tŚeŵ�Őnotobiotic.�

In vivo assays

&ouƌ� diīeƌent� tǇƉes� oĨ� in vivo� assaǇs� ƉeƌĨoƌŵed� aƌe�
descƌibed�beůow.��acŚ�oĨ� tŚeŵ� inǀoůǀed� ůiǀeͲdead�countinŐ�
oǀeƌ�a�Ɖeƌiod�oĨ�ϱ�daǇs�undeƌ�a�ŵicƌoscoƉe�;ϰпͿ�witŚ�ŚaůoŐen�
ůiŐŚt�souƌce.�Kn�tŚe�ůast�daǇ�oĨ�tŚe�eǆƉeƌiŵent͕�wŚen�Ɖůates�
couůd� be� oƉened͕� deatŚ� was� conĮƌŵed� bǇ� toucŚinŐ� tŚeŵ�
witŚ�a�stƌaiŐŚt�wiƌe͕�wŚeƌein�no�ŵoǀeŵent�was�consideƌed�
as�conĮƌŵation�oĨ�deatŚ.�/n�eacŚ�weůů͕�tŚeƌe�weƌe�ϭϬ�woƌŵs�
in�Dϵ�buīeƌ�;ϯ�Ő/>�<,2WK4͖�ϲ�Ő/>�Ea2,WK4͖�ϱ�Ő/>�Ea�ůͿ͕�wŚicŚ�
weƌe�cŚaůůenŐed�witŚ�P. aeruginosa�bǇ�addinŐ�ϭϬϬ�ђ>�;K�76 4=  
ϭ.ϱϬ�ц�Ϭ.ϬϱͿ�oĨ�bacteƌiaů�cuůtuƌe�Őƌown�in�Pseudomonas b roth 
Ĩoƌ�Ϯϭ ц ϭ�Śouƌs�at�ϯϱ ц Ϭ.ϱΣ�.

TABLE 1 - /nŐƌedients�oĨ��nteƌoƉan�Ĩoƌŵuůation

Scientific 
name

Common 
English name
(Indian name)

Part 
used

Proportion in the 
polyherbal mix
(mg/capsule)

Aegle 
marmelos

Wood apple
(Bael)

Leaves 100

Myristica 
fragrans

Nutmeg
(Jaiphal)

Fruit 15

Zingiber 
officinale

Ginger
(Sunthi)

Rhizome 60

Aconitum 
heterophyllum

Indian Atees
(Ativisha)

Bulb 30

Coriandrum 
sativum

Coriander
(Dhanyak)

Seeds 40

Cyperus 
rotundus

Nutgrass
(Nagarmotha)

Rhizome 25

Vetiveria 
zizanioides

Khas Khas grass
(Usheer)

Roots 50

Punica 
granatum

Pomegranate
(Dadim)

Rind 50

Holarrhena 
antidysenterica

Star gooseberry
(Kutaj)

Bark 27

https://www.palepmrf.com/pdf/Enteropan_IBS.pdf
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Anti-pathogenic assay 

den� woƌŵs� oĨ� >ϯͲ>ϰ� staŐe� contained� in� ϵϬϬ� ђ>� Dϵ� buĨ-
Ĩeƌ�weƌe�cŚaůůenŐed�witŚ�P. aeruginosa�;ϭϬϬ�ђ>�oĨ�tŚe�cuůtuƌe�
bƌotŚͿ�in�absence�oƌ�Ɖƌesence�oĨ��nteƌoƉan�;ϱϬͲϭ͕ϬϬϬ�ђŐ/ŵ>Ϳ͕�
wŚeƌein� neitŚeƌ� tŚe� bacteƌiuŵ� noƌ� tŚe� woƌŵs� weƌe� ƉƌeͲ
eǆƉosed�to��nteƌoƉan.�/ncubation�was�done�at�ϮϮΣ��Ĩoƌ�ϱ daǇs�
witŚ�ůiǀeͲdead�ŵicƌoscoƉic�count�once�a�daǇ.

Anti-infective assay

P. aeruginosa�was�Őƌown�at�ϯϱΣ��Ĩoƌ�ϮϬͲϮϮ�Śouƌs�in�Pseu­
domonas�bƌotŚ�witŚ�oƌ�witŚout��nteƌoƉan�;ϱͲϭ͕ϬϬϬ�ђŐ/ŵ>Ϳ.�
WostͲincubation͕�ϭϬϬ�ђ>�oĨ�tŚe�cuůtuƌe�bƌotŚ�was�ŵiǆed�witŚ�
ϵϬϬ�ђ>�oĨ�Dϵ�buīeƌ�containinŐ�ϭϬ�woƌŵs�;>ϯͲ>ϰ�staŐeͿ�in�a�
ϮϰͲweůů�Ɖůate�;suƌĨace�nonͲtƌeated͖�,iDediaͿ.�dŚis�Ɖůate�was�
incubated�at�ϮϮΣ��Ĩoƌ�ϱ�daǇs�;ϭϱ͕ϭϲͿ.�

Prophylactic assay

'notobiotic� woƌŵs� weƌe� incubated� in� Dϵ� buīeƌ� suƉ-
Ɖůeŵented� witŚ� �nteƌoƉan� ;ϱͲϭ͕ϬϬϬ� ђŐ/ŵ>Ϳ� Ĩoƌ� ϵϲ� Śouƌs.�
&oůůowinŐ� incubation͕� tŚese� woƌŵs� weƌe� wasŚed� witŚ�Dϵ�
buīeƌ�twice͕�and�tŚen�cŚaůůenŐed�witŚ�P. aeruginosa�not�ƉƌeͲ
eǆƉosed�to��nteƌoƉan�;ϭϬϬ�ђ>�oĨ�tŚe�cuůtuƌe�bƌotŚͿ�in�ϮϰͲweůů�
Ɖůates�;,iDediaͿ.�toƌŵ�suƌǀiǀaů�was�ŵonitoƌed�oǀeƌ�a�ϱͲdaǇ�
Ɖeƌiod�undeƌ�ŵicƌoscoƉe�;ϭϳͿ.�

Post-infection assay 

den�woƌŵs�contained�in�Dϵ�buīeƌ�weƌe�Įƌst�cŚaůůenŐed�
witŚ�ƉatŚoŐen͕�and�aŌeƌ�aůůowinŐ�P. aeruginosa� ;ϭϬϬ�ђ>�oĨ�
tŚe� cuůtuƌe� bƌotŚͿ� Ĩoƌ� ϯ� oƌ� ϲ� Śouƌs� to� estabůisŚ� inĨection͕�
�nteƌoƉan�;ϱϬͲϭ͕ϬϬϬ�ђŐ/ŵ>Ϳ�was�added�into�tŚe�weůů�as�a�Ɖos-
sibůe�ƉostͲinĨection�tŚeƌaƉǇ.�^uƌǀiǀaů�oĨ�woƌŵs�was�obseƌǀed�
tŚƌouŐŚ�a�ůiǀeͲdead�count�undeƌ�ŵicƌoscoƉe�oǀeƌ�ϱ�daǇs�;ϭϴͿ.

�ƉƉƌoƉƌiate� contƌoůs� weƌe� incůuded� in� aůů� tŚe� aboǀe�
eǆƉeƌiŵents�as�ƌeůeǀant͗

^teƌiůitǇ��ontƌoů͗�^teƌiůe�Dϵ�buīeƌ�containinŐ�neitŚeƌ�bacte-
ƌia�noƌ�woƌŵs
^uƌǀiǀaů��ontƌoů͗�Dϵ�buīeƌ�containinŐ�ϭϬ�woƌŵs�;no�bacteƌia�
ad d ed )
doǆicitǇ��ontƌoů͗�ϭϬ�woƌŵs�in�Dϵ�buīeƌ�suƉƉůeŵented�witŚ�
�nteƌoƉan
/nĨection� �ontƌoů͗� ϭϬ�woƌŵs� in�Dϵ� buīeƌ� н� ϭϬϬ� ђ>� oĨ� tŚe�
P. aeruginosa cuůtuƌe�bƌotŚ�;K�76 4�с�ϭ.ϱϬ�ц�Ϭ.ϬϱͿ.�dŚese�weůůs�
did�not�contain�anǇ�Ɖůant�eǆtƌact.
seŚicůe� �ontƌoů͗� Ϭ.ϱй� ǀ/ǀ� �D^K� was� used� in� Ɖůace� oĨ�
�nteƌoƉan.
Wositiǀe� �ontƌoů͗� ^tandaƌd� antibiotics� eŵƉůoǇed� as� Ɖositiǀe�
contƌoůs�aƌe�detaiůed�in�tŚe�ĮŐuƌe�ůeŐends.

In vitro assays

Growth and pigment quantification

dŚe�bƌotŚ�diůution�assaǇ�was�used�to�eǀaůuate�P. aerugi­
nosa s͛� ŐƌowtŚ�and�Ƌuoƌuŵ�sensinŐ� ;Y^ͿͲƌeŐuůated�ƉiŐŵent�
sǇntŚesis�in�tŚe�Ɖƌesence�oƌ�absence�oĨ�tŚe�test�Ĩoƌŵuůation.�

�iīeƌent�concentƌations�;ƌanŐinŐ�Ĩƌoŵ�ϱ�to�ϭ͕ϬϬϬ�ʅŐ/ŵ>Ϳ�oĨ�
�nteƌoƉan�Ĩoƌŵuůation�weƌe�used�to�cŚaůůenŐe�tŚe�oƌŐanisŵ.�
dŚe�ŐƌowtŚ�ŵedia�eŵƉůoǇed�was�Pseudomonas�bƌotŚ͕� into�
wŚicŚ�bacteƌiaů�inocuůuŵ�set�to�Ϭ.ϱ�Dc&aƌůand�tuƌbiditǇ�stan-
daƌd�was�added�at�ϭϬй�ǀ/ǀ͕ �Ĩoůůowed�bǇ� incubation�at�ϯϱo��
Ĩoƌ�ϮϬͲϮϮ�Śouƌs͕�witŚ� inteƌŵiƩent�sŚaŬinŐ.�dŚe�eǆƉeƌiŵent�
aůso� contained� an� aƉƉƌoƉƌiate� ǀeŚicůe� contƌoů� witŚ� �D^K�
;Ϭ.ϱй� ǀ/ǀͿ� and� an� abiotic� contƌoů� witŚ� eǆtƌact� and� ŐƌowtŚ�
ŵediuŵ�but�no�inocuůuŵ.

�acteƌiaů� ŐƌowtŚ� was� ŵeasuƌed� ƉŚotoŵetƌicaůůǇ� at� tŚe�
end� oĨ� tŚe� incubation� bǇ�ŵeasuƌinŐ� tŚe� cuůtuƌe� densitǇ� at�
ϳϲϰ� nŵ� ;�Őiůent� �aƌǇ� ϲϬ� hsͲǀisibůe� sƉectƌoƉŚotoŵeteƌͿ�
;ϭϵͿ.�&oůůowinŐ�tŚis͕�ƉiŐŵent�was�eǆtƌacted�and�ƋuantiĮed�in�
accoƌdance�witŚ�tŚe�Ɖƌoceduƌe�outůined�Ĩoƌ�eacŚ�ƉiŐŵent.�

Kne�ŵ>�oĨ� cuůtuƌe�bƌotŚ�was�ŵiǆed� in�a�Ϯ͗ϭ� ƌatio�witŚ�
cŚůoƌoĨoƌŵ� ;DeƌcŬ͕� DuŵbaiͿ͕� Ĩoůůowed� bǇ� centƌiĨuŐa-
tion�;ϭϱ͕ϯϬϬ�ŐͿ� Ĩoƌ�ϭϬ�ŵinutes.�dŚis�ƌesuůted� in�tŚe�Ĩoƌŵa-
tion� oĨ� two� iŵŵiscibůe� ůaǇeƌs.� K�� oĨ� tŚe� uƉƉeƌ� aƋueous�
ůaǇeƌ� containinŐ� tŚe� ǇeůůowͲŐƌeen� Ňuoƌescent� ƉiŐŵent�
ƉǇoǀeƌdine�was�ŵeasuƌed�at�ϰϬϱ�nŵ.�WǇoǀeƌdine�hnit�was�
caůcuůated�as�K�405 / O D76 4.�dŚe�ůoweƌ�cŚůoƌoĨoƌŵ�ůaǇeƌ�con-
taininŐ�tŚe�bůue�ƉiŐŵent�ƉǇocǇanin�was�ŵiǆed�witŚ�Ϭ.ϭ�E�,�ů�
;ϮϬй�ǀ/ǀ͖�DeƌcŬͿ.�dŚis�caused�a�cŚanŐe�oĨ�coůouƌ�Ĩƌoŵ�bůue�
to�ƉinŬ.�dŚis�was� Ĩoůůowed�bǇ�centƌiĨuŐation�;ϭϱ͕ϯϬϬ�ŐͿ� Ĩoƌ�
ϭϬ�ŵinutes͕�and�K��oĨ�uƉƉeƌ�ůaǇeƌ�acidic� ůiƋuid�containinŐ�
ƉǇocǇanin� was� ƋuantiĮed� at� ϱϮϬ� nŵ.� WǇocǇanin� hnit� was�
caůcuůated�as�K� 5 20/ O D76 4.

Biofilm assays

�ioĮůŵ� Ĩoƌŵation� is� an� iŵƉoƌtant� ǀiƌuůence� tƌait͕� and�
Śence� tŚe�eīect�oĨ��nteƌoƉan�on�bioĮůŵ� ĨoƌŵinŐ�abiůitǇ�oĨ�
P. aeruginosa͕� as�weůů� as� on� ƉƌeͲĨoƌŵed� bioĮůŵ�was� inǀes-
tiŐated.� �� Ňow� diaŐƌaŵ� deƉictinŐ� aůů� Ĩouƌ� diīeƌent� bioĮůŵ�
assaǇs� is� incůuded� in� suƉƉůeŵentaƌǇ� Įůe� ;&iŐ.� ^ϮͿ.� �ioĮůŵ�
ƋuantiĮcation�was�acŚieǀed�tŚƌouŐŚ�cƌǇstaů�ǀioůet�assaǇ�;ϮϬͿ.�
�ioĮůŵ�ǀiabiůitǇ�was�assessed�tŚƌouŐŚ�ϯͲ;ϰ͕ϱͲ�iŵetŚǇůtŚiaǌoůͲ
ϮͲǇůͿͲϮ͕ϱͲdiƉŚenǇůtetƌaǌoůiuŵ�bƌoŵide�;DddͿ�assaǇ�;ϮϭͿ.�

&oƌ�tŚe�cƌǇstaů�ǀioůet�assaǇ͕ �tŚe�bioĮůŵͲcontaininŐ�tubes�
;aŌeƌ�discaƌdinŐ� tŚe� inside� ůiƋuidͿ�weƌe�wasŚed�witŚ�ƉŚos-
ƉŚateͲbuīeƌed�saůine�;W�^Ϳ�in�oƌdeƌ�to�ƌeŵoǀe�aůů�nonͲadŚeƌ-
ent�;ƉůanŬtonicͿ�bacteƌia͕�and�aiƌͲdƌied�Ĩoƌ�ϭϱ�ŵinutes.�dŚen͕�
eacŚ�oĨ�tŚe�wasŚed�tubes�was�stained�witŚ�ϭ.ϱ�ŵ>�oĨ�Ϭ.ϰй�
aƋueous�cƌǇstaů�ǀioůet�;�entƌaů��ƌuŐ�,ouse͕��eůŚiͿ�soůution�Ĩoƌ�
ϯϬ�ŵinutes.��Ōeƌwaƌds͕�eacŚ�tube�was�wasŚed�twice�witŚ�Ϯ�
ŵ>�oĨ�steƌiůe�distiůůed�wateƌ�and�iŵŵediateůǇ�deͲstained�witŚ�
ϭ.ϱ�ŵ>�oĨ�ϵϱй�etŚanoů.��Ōeƌ�ϰϱ�ŵinutes�oĨ�deͲstaininŐ͕�ϭ�ŵ>�
oĨ�deͲstaininŐ�soůution�was�tƌansĨeƌƌed� into�seƉaƌate�tubes͕�
and�ƌead�at�ϱϴϬ�nŵ�;�Őiůent��aƌǇ�ϲϬ�hsͲsisͿ.�

&oƌ� tŚe� Ddd� assaǇ͕ � tŚe� bioĮůŵͲcontaininŐ� tubes� ;aŌeƌ�
discaƌdinŐ�tŚe�inside�ůiƋuidͿ�weƌe�wasŚed�witŚ�W�^�in�oƌdeƌ�
to� ƌeŵoǀe� aůů� nonͲadŚeƌent� ;ƉůanŬtonicͿ� bacteƌia͕� and� aiƌͲ
dƌied�Ĩoƌ�ϭϱ�ŵinutes.�dŚen�ϭ.ϴ�ŵ>�oĨ�ŵiniŵaů�ŵedia�;sucƌose�
ϭϱ�Ő/>͕�<2,WK4�ϱ�Ő/>͕�E,4�ů�Ϯ�Ő/>͕�Ea�ů�ϭ�Ő/>͕�DŐ^K4�Ϭ.ϭ�Ő/>͕�
Ǉeast�eǆtƌact�Ϭ.ϭ�Ő/>͕�Ɖ,�ϳ.ϰ�ц�Ϭ.ϮͿ�was�added�into�eacŚ�tube͕�
Ĩoůůowed�bǇ�addition�oĨ�ϮϬϬ�ʅ>�oĨ�Ϭ.ϯй�Ddd�΀,iDedia΁.�dŚen�
aŌeƌ�Ϯ�Śouƌs�oĨ�incubation�at�ϯϱΣ�͕�aůů�ůiƋuid�content�was�dis-
caƌded͕�and�tŚe�ƌeŵaininŐ�ƉuƌƉůe�Ĩoƌŵaǌan�deƌiǀatiǀes�weƌe�
dissoůǀed�in�Ϯ�ŵ>�oĨ��D^K�and�ŵeasuƌed�at�ϱϰϬ�nŵ.
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Nitrite estimation

YuantiĮcation�oĨ�nitƌite�in�bacteƌiaů�cuůtuƌe�was�acŚieǀed�
tŚƌouŐŚ� a� coůoƌiŵetƌic� assaǇ�usinŐ�ŵodiĮed�'ƌiess� ƌeaŐent�
;ϮϮ͕ϮϯͿ.� ^uƉeƌnatant� ;ϮϱϬ�ђ>Ϳ� obtained� Ĩƌoŵ� centƌiĨuŐation�
;ϭϯ͕ϱϬϬ�Ő͖�ϮϱΣ�͖�ϭϬ�ŵinutesͿ�oĨ�P. aeruginosa�cuůtuƌe�Őƌown�in�
tŚe�Ɖƌesence�oƌ�absence�oĨ��nteƌoƉan�was�ŵiǆed�witŚ�ϮϱϬ ђ>�
oĨ� 'ƌiess� ƌeaŐent� ;ϭп͖� ^iŐŵaͲ�ůdƌicŚͿ͕� Ĩoůůowed� bǇ� ϭϱ�ŵin-
utes�oĨ�incubation�in�daƌŬ�at�ƌooŵ�teŵƉeƌatuƌe.��bsoƌbance�
oĨ� tŚe� ƌesuůtinŐ�ƉinŬ� coůouƌ�was�ŵeasuƌed�at�ϱϰϬ�nŵ.�dŚis�
absoƌbance� was� ƉůoƩed� on� tŚe� standaƌd� cuƌǀe� ƉƌeƉaƌed�
using NaNO 2 ;Ϭ.ϰϯͲϲϱ�ђDͿ�to�caůcuůate�nitƌite�concentƌation.�
^odiuŵ�nitƌoƉƌusside�;^iŐŵaͲ�ůdƌicŚͿ�was�used�as�a�Ɖositiǀe�
contƌoů͕�as�it�is�Ŭnown�to�Őeneƌate�nitƌosatiǀe�stƌess�in�bacte-
ƌia�;ϮϰͿ.��eioniǌed�wateƌ�was�used�as�neŐatiǀe�contƌoů.

Antibiotic susceptibility test

�ntibioŐƌaŵ�oĨ�P. aeruginosa s͛�oǀeƌniŐŚt�Őƌown�cuůtuƌe�in�
Pseudomonas�bƌotŚ�in�tŚe�Ɖƌesence�oƌ�absence�oĨ��nteƌoƉan�
was� Őeneƌated� tŚƌouŐŚ� disc� diīusion� assaǇ� in� accoƌdance�
witŚ��ůinicaů�and�>aboƌatoƌǇ�^tandaƌds�/nstitute�;�>^/Ϳ�Őuide-
ůines�;ϮϱͿ.��eůůs�Őƌown�in�Pseudomonas�bƌotŚ�weƌe�seƉaƌated�
tŚƌouŐŚ� centƌiĨuŐation� ;ϭϯ͕ϲϬϬ� ŐͿ� and� wasŚed� witŚ� ƉŚos-
ƉŚate�buīeƌ� ;Ɖ,�ϳ.Ϭ�ц�Ϭ.ϮͿ� Ĩoůůowed�bǇ�centƌiĨuŐation.�dŚe�
ƌesuůtinŐ�ceůů�Ɖeůůet�was�used�to�ƉƌeƉaƌe�inocuůuŵ�Ĩoƌ�subse-
Ƌuent�disc�diīusion�assaǇ�bǇ�susƉendinŐ�tŚe�ceůůs�in�noƌŵaů�
saůine�and�adũustinŐ� tŚe�K� 6 25  b etw een 0.08 and  0.10. This 
inocuůuŵ�;ϭϬϬ�ђ>Ϳ�was�sƉƌead�onto�cationͲadũusted�DueůůeƌͲ
,inton� aŐaƌ� ;,iDediaͿ� Ɖůates� ;�oƌosiů͖� ϭϱϬ� ŵŵͿ� Ĩoůůowed�
bǇ� ƉůacinŐ� tŚe� antibiotic� discs� ;/cosa� 'Ͳ/� D/Eh^͖� ,iDedia͕�
DuŵbaiͿ�on�tŚe�aŐaƌ�suƌĨace.�/ncubation�at�ϯϱ°��was�ŵade�
Ĩoƌ�ϭϴ�ц�ϭ�Śouƌs͕�Ĩoůůowed�bǇ�obseƌǀation�and�ŵeasuƌeŵent�
oĨ�ǌone�oĨ�inŚibition.�

Protein estimation 

�ǆtƌaceůůuůaƌ�Ɖƌotein�Ɖƌesent� in�bacteƌiaů� cuůtuƌe� ;Őƌown�
in�tŚe�Ɖƌesence�oƌ�absence�oĨ��nteƌoƉanͿ�suƉeƌnatant͕�and�
intƌaceůůuůaƌ�Ɖƌotein�in�tŚe�ceůů�ůǇsate�was�ƋuantiĮed�tŚƌouŐŚ�
&oůinͲ>owƌǇ� ŵetŚod� ;Ϯϲ͕ϮϳͿ.� �Ōeƌ� ŵeasuƌinŐ� ceůů� densitǇ͕ �
ϭ ŵ>�oĨ�P. aeruginosa�cuůtuƌe�was�centƌiĨuŐed�;ϭϯ͕ϲϬϬ�ŐͿ͕�and�
tŚe�ƌesuůtinŐ�suƉeƌnatant�was�used�Ĩoƌ�eǆtƌaceůůuůaƌ�Ɖƌotein�
estiŵation.�dŚe�ƌeŵaininŐ�ceůů�Ɖeůůet�was�subũected� to� ůǇsis�
;ϮϴͿ�Ĩoƌ�ƌeůease�oĨ�intƌaceůůuůaƌ�Ɖƌoteins.��ƌieŇǇ͕ �tŚe�ceůů�Ɖeů-
ůet�was�wasŚed�witŚ�ƉŚosƉŚate�buīeƌ� ;Ɖ,�ϳ.ϰͿ�and�centƌi-
ĨuŐed�;ϭϯ͕ϲϬϬ�ŐͿ.�ZesuůtinŐ�Ɖeůůet�was�ƌesusƉended�in�ϭ�ŵ>�oĨ�
cŚiůůed�ůǇsis�buīeƌ�;Ϭ.ϴϳϲ�Ő�Ea�ů͕�ϭ�ŵ>�oĨ�dƌiton�yͲϭϬϬ͕�Ϭ.ϱ Ő�
sodiuŵ� deoǆǇcŚoůate͕� Ϭ.ϭ� Ő� sodiuŵ� dodecǇů� suůƉŚate͕� and�
Ϭ.ϲϬ�Ő�dƌis�,�ů͕� in�ϵϵ�ŵ>�oĨ�distiůůed�wateƌͿ�and�centƌiĨuŐed�
;ϱϬϬ�ƌƉŵͿ�Ĩoƌ�ϯϬ�ŵinutes�at�ϰΣ��Ĩoƌ�aŐitation�ƉuƌƉose.�dŚis�
was�Ĩoůůowed�bǇ�ĨuƌtŚeƌ�centƌiĨuŐation�;ϭϲ͕ϬϬϬ�Ő�at�ϰΣ�Ϳ�Ĩoƌ�
ϮϬ�ŵin.�ZesuůtinŐ�ceůů�ůǇsate�;suƉeƌnatantͿ�was�used�Ĩoƌ�Ɖƌo-
tein�estiŵation.�<anaŵǇcin�;,iDedia͖�at�/� 5 0͗�ϮϬϬ�ђŐ/ŵ>Ϳ͕�an�
aŵinoŐůǇcoside�antibiotic�Ŭnown�to�inŚibit�bacteƌiaů�Ɖƌotein�
sǇntŚesis�;Ϯϵ͕ϯϬͿ͕�was�used�as�a�Ɖositiǀe�contƌoů.

Whole transcriptome analysis

do�Őain�insiŐŚt�into�tŚe�ŵoůecuůaƌ�ŵecŚanisŵs�bǇ�wŚicŚ�
�nteƌoƉan� aƩenuates� bacteƌiaů� ǀiƌuůence� and� ŵoduůates�

ǀaƌious�tƌaits�ůiŬe�ƉiŐŵent�Ɖƌoduction͕�antibiotic�susceƉtibiů-
itǇ͕ � nitƌoŐen� ŵetaboůisŵ͕� Ɖƌotein� sǇntŚesis/eǆcƌetion͕� etc.͕�
we� coŵƉaƌed� tŚe� Őene� eǆƉƌession� ƉƌoĮůe� oĨ� �nteƌoƉanͲ
ƉƌeͲtƌeated�P. aeruginosa�witŚ�tŚat�oĨ�contƌoů�cuůtuƌe�at�tŚe�
wŚoůe�tƌanscƌiƉtoŵe�ůeǀeů.�

RNA extraction

dƌiǌoů�;/nǀitƌoŐen��ioseƌǀices͖�ϯϰϯϵϬϵͿ�was�used�to�eǆtƌact�
ZE��Ĩƌoŵ�bacteƌiaů�ceůůs�;ϯϭͿ.�ZE��was�dissoůǀed�in�nucůeaseͲ
Ĩƌee� wateƌ� aŌeƌ� ƉƌeciƉitation� witŚ� isoƉƌoƉanoů� and� wasŚ-
inŐ�witŚ�ϳϱй�etŚanoů.�hsinŐ� tŚe�ZE��,^�assaǇ�Ŭit� ;dŚeƌŵo�
&isŚeƌ͖�YϯϮϴϱϭͿ�and�adŚeƌinŐ�to�tŚe�ŵanuĨactuƌeƌ s͛�instƌuc-
tions͕� tŚe� eǆtƌacted� ZE��was� ƋuantiĮed� usinŐ� a� Yubit� ϰ.Ϭ�
Ňuoƌoŵeteƌ� ;dŚeƌŵo� &isŚeƌ͖� YϯϯϮϯϴͿ.� ZE�� concentƌation�
and�ƉuƌitǇ�weƌe�eǀaůuated�usinŐ�EanodƌoƉ�ϭϬϬϬ.�&inaůůǇ͕ �ZE��
was� cŚecŬed�on� tŚe� daƉe^tation�usinŐ�,^�ZE�� ^cƌeendaƉe�
;�ŐiůentͿ�to�Ǉieůd�Z/E�;ZE��/nteŐƌitǇ�EuŵbeƌͿ�ǀaůues�;dab.�̂ ϮͿ.

Library preparation

&inaů�ůibƌaƌies�weƌe�ŵeasuƌed�usinŐ�a�Yubit�ϰ.Ϭ�Ňuoƌoŵ-
eteƌ�;dŚeƌŵo�&isŚeƌ͖�YϯϯϮϯϴͿ͕�a��E��,^�assaǇ�Ŭit� ;dŚeƌŵo�
&isŚeƌ͖� YϯϮϮϴϱϭͿ͕� and� a� daƉe^tation� ϰϭϱϬ� ;�ŐiůentͿ� usinŐ�
ŚiŐŚͲsensitiǀitǇ� �ϭϬϬϬ� ^cƌeendaƉes� ;�Őiůent͖� ϱϬϲϳͲϱϱϴϮͿ.�
dŚe�acƋuiƌed�siǌes�oĨ�aůů�ůibƌaƌies�aƌe�ƌeƉoƌted�in�dabůe�^ϯ.

Genome annotation and functional analysis

&astY��ǀ.Ϭ.ϭϭ.ϵ�;deĨauůt�ƉaƌaŵeteƌsͿ�was�used�to�undeƌ-
taŬe�a�ƋuaůitǇ�assessŵent�oĨ�tŚe�saŵƉůe s͛�ƌaw�ĨastƋ�ƌeadinŐs�
;ϯϮͿ.� dŚe� ƌeads͛� ƋuaůitǇ� was� tŚen� ƌeeǀaůuated� usinŐ� &astƋ�
ǀ.Ϭ.ϮϬ.ϭ� ;ϯϯͿ� aŌeƌ� ƉƌeͲƉƌocessinŐ� tŚe� ƌaw� ĨastƋ� ƌeads�witŚ�
&astƋ�ǀ.Ϭ.ϮϬ.ϭ.

The P. aeruginosa� Őenoŵe� ;'��ͺϬϬϬϬϬϲϳϲϱ.ϭͺ
�^DϲϳϲǀϭͿ� was� indeǆed� usinŐ� bowtieϮͲbuiůd� ;ϯϰͿ� ǀϮ.ϰ.Ϯ�
;deĨauůt� ƉaƌaŵeteƌsͿ.� dŚe� Ɖƌocessed� ƌeads� weƌe� ŵaƉƉed�
to the P. aeruginosa� Őenoŵe� usinŐ� bowtieϮ� ǀϮ.ϰ.Ϯ.� 'ene�
counts� weƌe� deteƌŵined� usinŐ� Ĩeatuƌe� count� ǀ.Ϭ.ϰϲ.ϭ� ;ϯϱͿ�
to� ƋuantiĨǇ� tŚe� aůiŐned� ƌeads� Ĩƌoŵ� tŚe� indiǀiduaů� saŵƉůes.�
�iīeƌentiaů� eǆƉƌession� was� estiŵated� usinŐ� tŚe� eǆact� test�
;Ɖaƌaŵeteƌs͗�disƉeƌsion�Ϭ.ϭͿ�witŚ�tŚese�Őene�counts�as�inƉuts�
in�edŐeZ�;ϯϲͿ.�dŚe�uƉͲ�and�downƌeŐuůated�seƋuences�weƌe�
eǆtƌacted�Ĩƌoŵ�tŚe�P. aeruginosa�codinŐ�Įůe�and�annotated�
usinŐ��ůastϮ'K�;ϯϳͿ�to�obtain�tŚe�'ene�KntoůoŐǇ�;'KͿ�ŬeǇ-
woƌds.�dŚese�'K�teƌŵs�weƌe�used�to�cƌeate�'K�baƌ�ŐƌaƉŚs�
witŚ�tŚe�weŐo�tooů�;ϯϴͿ.

�ůů� tŚe� ƌaw� seƋuence� data� Śas� been� subŵiƩed� to� tŚe�
^eƋuence� Zead� �ƌcŚiǀe.� dŚe� ƌeůeǀant� accession� nuŵbeƌ� is�
^ZyϭϱϮϰϴϬϵϮ�;Knůine ) .

Network analysis

EetwoƌŬ�anaůǇsis�was�caƌƌied�out�Ĩoƌ��nteƌoƉanͲeǆƉosed�
P. aeruginosa s͛�diīeƌentiaůůǇ�eǆƉƌessed�Őenes�;��'Ϳ�ĨuůĮůůinŐ�
tŚe�duaů�cƌiteƌia�oĨ�ůoŐ�Ĩoůd�cŚanŐe�шϮ�and�Ĩaůse�discoǀeƌǇ�ƌate�
;&�ZͿ�чϬ.ϬϬϭ.�>ist�oĨ���'�was�Ĩed�into�tŚe�database�^dZ/E'�
;ǀ.ϭϭ.ϱͿ� ;ϯϵͿ� Ĩoƌ� ŐeneƌatinŐ� tŚe� WƌoteinͲWƌotein� /nteƌaction�
;WW/Ϳ�netwoƌŬ.�dŚen�tŚe�Őenes�weƌe�aƌƌanŐed�in�decƌeasinŐ�
oƌdeƌ�oĨ�͚node�deŐƌee͛�;a�ŵeasuƌe�oĨ�connectiǀitǇ�witŚ�otŚeƌ�
Őenes�oƌ�ƉƌoteinsͿ͕�and�tŚose�aboǀe�an�eŵƉiƌicaůůǇ�seůected�

https://www.ncbi.nlm.nih.gov/sra/SRX15248092
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tŚƌesŚoůd�ǀaůue�;ϭϵ�and�ϱϯ�Ĩoƌ�uƉͲ�and�downƌeŐuůated�Őenes͕�
ƌesƉectiǀeůǇͿ�weƌe�subũected�to�ƌanŬinŐ�bǇ�cǇto,ubba�;ǀ.ϯ.ϵ.ϭͿ�
ƉůuŐin�;ϰϬͿ�oĨ��ǇtoscaƉe�;ϰϭͿ.�^ince�cǇto,ubba�uses�ϭϮ�diĨ-
Ĩeƌent�ƌanŬinŐ�ŵetŚods͕�we�consideƌed�tŚe���'�beinŐ�toƉͲ
ƌanŬed�bǇ�шϲ�diīeƌent�ŵetŚods�;i.e.�ϱϬй�oĨ�tŚe�totaů�ƌanŬinŐ�
ŵetŚodsͿ� Ĩoƌ� ĨuƌtŚeƌ�anaůǇsis.�dŚese� toƉͲƌanŬed�sŚoƌtůisted�
Ɖƌoteins�weƌe�ĨuƌtŚeƌ�subũected�to�netwoƌŬ�cůusteƌ�anaůǇsis�
tŚƌouŐŚ�^dZ/E'͕�and�tŚose�tŚat�weƌe�Ɖaƌt�oĨ�ŵuůtiƉůe�cůus-
teƌs�weƌe�consideƌed�as�͚Śubs͛�wŚicŚ�can�be�taŬen�uƉ�Ĩoƌ�Ĩuƌ-
tŚeƌ�conĮƌŵation�oĨ�tŚeiƌ�taƌŐetabiůitǇ.�,eƌe�͚Śub͛�ƌeĨeƌs�to�a�
Őene�oƌ�Ɖƌotein�inteƌactinŐ�witŚ�ŵanǇ�otŚeƌ�Őenes/Ɖƌoteins.�
,ubs�tŚus�identiĮed�weƌe�ĨuƌtŚeƌ�subũected�to�coͲoccuƌƌence�
anaůǇsis� to� see� wŚetŚeƌ� an� antiͲǀiƌuůence� aŐent� taƌŐetinŐ�
tŚeŵ�is�ůiŬeůǇ�to�satisĨǇ�tŚe�cƌiteƌion�oĨ�seůectiǀe�toǆicitǇ�;i.e.�
taƌŐetinŐ�tŚe�ƉatŚoŐen�witŚout�ŚaƌŵinŐ�ŚostͿ.�dŚis�seƋuence�
anaůǇsis�aůůowed�us�to�end�witŚ�a�ůiŵited�nuŵbeƌ�oĨ�Ɖƌoteins�
wŚicŚ�satisĮed�ǀaƌious�statisticaů�and�bioůoŐicaů�siŐniĮcance�
cƌiteƌia�siŵuůtaneousůǇ͕ �tŚat�is͕�;ϭͿ�ůoŐ�Ĩoůd�cŚanŐe�шϮ͖�;ϮͿ�&�Z�
чϬ.ϬϬϭ͖�;ϯͿ�ƌeůatiǀe�ŚiŐŚeƌ�node�deŐƌee͖�;ϰͿ�toƉͲƌanŬinŐ�bǇ�at�
ůeast�siǆ�cǇto,ubba�ŵetŚods͖�;ϱͿ�ŵeŵbeƌ�oĨ�ŵoƌe�tŚan�one�
ůocaů�netwoƌŬ�cůusteƌ͖�;ϲͿ�ŚiŐŚ�ƉƌobabiůitǇ�oĨ�tŚe�taƌŐet�beinŐ�
absent�Ĩƌoŵ�tŚe�Śost.

Real-time polymerase chain reaction analysis

WoůǇŵeƌase�cŚain�ƌeaction�;W�ZͿ�was�used�to�conĮƌŵ�tŚe�
diīeƌentiaů�eǆƉƌession�oĨ�tŚe�Ɖossibůe�Śubs�discoǀeƌed�bǇ�net-
woƌŬ�anaůǇsis�oĨ�tŚe���'�ƌeƉoƌted�Ĩƌoŵ�wŚoůe�tƌanscƌiƉtoŵe�
anaůǇsis� ;td�Ϳ.�WƌiŵeƌϯWůus� ;ϰϮͿ�was�used�to�desiŐn�Ɖƌiŵeƌs�
Ĩoƌ�tŚe�taƌŐet Őenes�;dab.�ϮͿ.�dŚese�Ɖƌiŵeƌ�seƋuences�weƌe�ǀeƌ-
iĮed�Ĩoƌ�tŚeiƌ�abiůitǇ�to�sƉeciĮcaůůǇ�bind�onůǇ�to�tŚe�taƌŐet�Őene�
seƋuence�tŚƌouŐŚout�tŚe�wŚoůe�Őenoŵe�Įůe�oĨ�P. aeruginosa. 
ZE��eǆtƌaction�and�ƉuƌitǇ�cŚecŬ�was�eǆecuted�as�descƌibed�in�
tŚe�Ɖƌeǀious�section.�dŚe�^uƉeƌ^cƌiƉtΡ�s/>KΡ�c�E��^ǇntŚesis�
<it� ;/nǀitƌoŐen� �iosciencesͿ� was� used� to� Őeneƌate� coŵƉůe-
ŵentaƌǇ� �E�.� hsinŐ� ŐeneͲsƉeciĮc� Ɖƌiŵeƌs� ƉuƌcŚased� Ĩƌoŵ�
^iŐŵaͲ�ůdƌicŚ͕�tŚe�W�Z�eǆƉeƌiŵent�was�caƌƌied�out�eŵƉůoǇinŐ�
tŚe�teŵƉeƌatuƌe�ƉƌoĮůe�sŚown�in�dabůe�^ϰ.�dŚe�Őene�W�ϯϳϮϱ�
;recJͿ�was� ŬeƉt� as� an� endoŐenous� contƌoů.� dŚe ƌeaction�ŵiǆ�

used�was�&ast^taƌt� �ssentiaů��E��'ƌeen�Dasteƌ�ŵiǆ� ;ZocŚe͖�
ϬϲϰϬϮϳϭϮϬϬϭͿ.�ZeaůͲtiŵe�W�Z� ;ZdͲW�ZͿ�assaǇ�was�ƉeƌĨoƌŵed�
on�Yuant^tudio�ϱ�ZdͲW�Z�ŵacŚine� ;dŚeƌŵo�&isŚeƌ�^cientiĮc͕�
h^�Ϳ.�̂ aŵƉůe�Őeneƌation�Ĩoƌ�W�Z�ǀaůidation�was�done�indeƉen-
dent�oĨ�tŚat�Ĩoƌ�tƌanscƌiƉtoŵe�assaǇ.

Statistical analysis

�ůů�ƌesuůts�ƌeƉoƌted�aƌe�ŵeans�oĨ�tŚƌee�oƌ�ŵoƌe�indeƉen-
dent� eǆƉeƌiŵents͕� eacŚ� ƉeƌĨoƌŵed� in� tƌiƉůicate.� ^tatisticaů�
siŐniĮcance� was� assessed� tŚƌouŐŚ� tͲtest� ƉeƌĨoƌŵed� usinŐ�
DicƌosoŌ��ǆceůΠ͕�and�data�witŚ�Ɖ�ч�Ϭ.Ϭϱ�was�consideƌed�to�
be�siŐniĮcant.

Results and discussion
In vivo assays

P. aeruginosa displayed reduced virulence towards 
C. elegans in the presence of Enteropan

tŚen�C. elegans�was�cŚaůůenŐed�witŚ�P. aeruginosa in the 
Ɖƌesence�oĨ��nteƌoƉan͕�tŚe�bacteƌiuŵ�couůd�Ŭiůů�ůesseƌ�woƌŵs�
tŚan� in� tŚe� absence� oĨ� �nteƌoƉan� ;&iŐ.� ϭ�͖� ^uƉƉůeŵentaƌǇ�
ǀideos͗��Ͳ�Ϳ.�dŚe�ŵost�eīectiǀe�concentƌation�oĨ��nteƌoƉan�
witŚ�ƌesƉect�to�oīeƌinŐ�Ɖƌotection�to�tŚe�woƌŵ�ƉoƉuůation�
Ĩƌoŵ�bacteƌiaů�aƩacŬ�was�Ĩound�to�be�ϮϱϬ�ђŐ/ŵ>.�̂ ince�ŚiŐŚeƌ�
concentƌations�oīeƌed�eitŚeƌ�at�Ɖaƌ�oƌ� ůesseƌ�Ɖƌotection� to�
tŚe�woƌŵs͕�tŚe�doseͲƌesƉonse�ƌeůationsŚiƉ�Śeƌe�can�be�said�
to�be�nonůineaƌ.�/ƌƌesƉectiǀe�oĨ�tŚe�ŵaŐnitude�oĨ�Ɖƌotection�
oīeƌed�to�woƌŵ�ƉoƉuůation�in�tŚe�Ɖƌesence�oĨ��nteƌoƉanΠ͕�
ƉƌoŐenǇ� woƌŵs� weƌe� obseƌǀed� ;tŚiƌd� daǇ� onwaƌdsͿ� in� aůů�
eǆƉeƌiŵentaů�and�Ɖositiǀe�contƌoů�weůůs͕�but�not�in�tŚe�weůůs�
ƉeƌtaininŐ�to�ǀeŚicůe�contƌoů.�/t�ŵiŐŚt�Śaǀe�occuƌƌed�tŚat�tŚe�
ǀiƌuůenceͲaƩenuated�P. aeruginosa�weƌe�used�bǇ�tŚe�woƌŵs�
as�Ĩood͕�and�tŚat�aůůowed�tŚeŵ�to�ƌeƉƌoduce.�

Enteropan pre-treatment reduced bacterial virulence towards 
C. elegans

�nteƌoƉan� ;ϱͲϭ͕ϬϬϬ� ʅŐ/ŵ>ͿͲƉƌeͲtƌeated� P. aeruginosa 
was� Ĩound�to�eǆeƌt� ůesseƌ�ǀiƌuůence�aŐainst�C. elegans than 
its� notͲeǆƉosed� counteƌƉaƌt.� �nteƌoƉan� concentƌations�
чϮϱϬ� ђŐ/ŵ>� couůd� not� coŵƉƌoŵise� P. aeruginosa s͛� abiů-
itǇ� to� Ŭiůů�C. elegans͖� Śoweǀeƌ͕ � concentƌations� шϱϬϬ� ђŐ/ŵ>�
did� coŵƉƌoŵise� bacteƌiaů� ǀiƌuůence� siŐniĮcantůǇ� ;&iŐ.� ϭ�͖�
^uƉƉůeŵentaƌǇ�ǀideos͗�&Ͳ/Ϳ.��nteƌoƉan ƉƌeͲtƌeatŵent�oĨ�tŚe�
ƉatŚoŐen�at�tŚese�eīectiǀe�concentƌations�not�onůǇ�aƩenu-
ated� bacteƌiaů� ǀiƌuůence� but� aůso� suƉƉoƌted� woƌŵ� ĨeƌtiůitǇ�
as� eǀidenced� bǇ� tŚe� aƉƉeaƌance� oĨ� nuŵeƌous� ƉƌoŐenies�
in� tŚe� eǆƉeƌiŵentaů�weůůs� bǇ� tŚe� ĮŌŚ�daǇ.� dŚe�ŵost� eīec-
tiǀe� concentƌation� oĨ� �nteƌoƉan�witŚ� ƌesƉect� to� ǀiƌuůenceͲ
aƩenuatinŐ�eīect�was�Ĩound�to�be�ϲϬϬ�ђŐ/ŵ>͕�as�tŚe�eīect�
oĨ�ŚiŐŚeƌ�concentƌations�tiůů�ϭ�ŵŐ/ŵ>�was�statisticaůůǇ�not�diĨ-
Ĩeƌent�tŚan�tŚat�oĨ�ϲϬϬ�ђŐ/ŵ>.

�Ōeƌ�conĮƌŵinŐ�tŚe�antiͲǀiƌuůence�actiǀitǇ�oĨ��nteƌoƉan�
against P. aeruginosa͕�we�asŬed�wŚetŚeƌ�tŚis�ƉatŚoŐen�can�
deǀeůoƉ� ƌesistance�uƉon� ƌeƉeatedůǇ�ŐeƫnŐ�eǆƉosed� to� tŚe�
test� Ĩoƌŵuůation.� do�answeƌ� tŚis͕�we� subcuůtuƌed�P. aerugi­
nosa in Pseudomonas� bƌotŚ� suƉƉůeŵented�witŚ� �nteƌoƉan�
;ϲϬϬ�ђŐ/ŵ>Ϳ�ŵuůtiƉůe�tiŵes.��nteƌoƉanͲƉƌeͲeǆƉosed�P. aeru­
ginosa�tŚus�obtained�aŌeƌ�ĮŌŚ�and�tentŚ�sucŚ�subcuůtuƌinŐ�

TABLE 2 - Wƌiŵeƌ�seƋuences�Ĩoƌ�tŚe�taƌŐet�Őenes

Gene ID Primers Amplicon 
size (bp)

PA4238 
(rpoA)

FP: 5′-CGCTGAACATGAAGCTGAAG-3′
RP: 5′-CAGGACCAGTTTGTCCAGGT-3′

194

PA1800 (tig)
FP: 5′-ACCGAAGTCAACAAGCGTCT-3′
RP: 5′-GGATTCAGCTTCTGCTCGAC-3′

208

PA3656 
(rpsB)

FP: 5′-GCGCAACAAGATCCATATCA-3′
RP: 5′-GATCGACTGACGGATGGTCT-3′

232

PA4268 (rpsL)
FP: 5′-TACATCGGTGGTGAAGGTCA-3′
RP: 5′-TACTTCGAACGACCCTGCTT-3′

155

PA4264 (rpsJ)
FP: 5′-GATTCGGTTGAAGGCTTTTG-3′
RP: 5′-TACTGATCACGCGCATCTTT-3′

174

Control gene
PA3725 (recJ)

FP: 5′-CCAGTTGAGCATCCAGGAGT-3′
RP: 5′-TTTCAGCACCAGCTTCAGGT-3′

157
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FIGURE 1 - �nteƌoƉan�aƩenuates�Pseudomo­
nas aeruginosa’s ǀiƌuůence�towaƌds�tŚe�ŵodeů�
host Caenorhabditis elegans. �iŵetŚǇůsuůĨo-
ǆide� ;�D^KͿ� Ɖƌesent� in� tŚe� ͚ǀeŚicůe� contƌoů͛�
at�Ϭ.ϱй�ǀ/ǀ�did�not�aīect�bacteƌiaů�ǀiƌuůence. 
Neither �D^K�noƌ��nteƌoƉan�sŚowed�anǇ�to-
ǆicitǇ�towaƌds�tŚe�woƌŵ�ƉoƉuůation�at�tested�
concentƌations.�do�aǀoid�oǀeƌcƌowdinŐ�in�tŚe�
ĮŐuƌes�;�͕��Ϳ͕�we�Śaǀe�not�sŚown�ůines�coƌƌe-
sƉondinŐ�to�concentƌations�wŚicŚ�Śad�no�eĨ-
Ĩect�on�bacteƌiaů� ǀiƌuůence͕� and�aůso� tŚat� Ĩoƌ�
ϳϱϬ�ʅŐ/ŵ>͕�as�its�ǀiƌuůenceͲaƩenuatinŐ�eīect�
was�statisticaůůǇ�a�Ɖaƌt�oĨ�tŚat�oĨ�ϲϬϬ�ʅŐ/ŵ>.�
^uƉƉůeŵentaƌǇ�ǀideos�ƉeƌtaininŐ�to�tŚese�eǆ-
Ɖeƌiŵents� aƌe� aǀaiůabůe� at͗� osĨ.io/ĨnǇwŬ.� �ůů�
tŚe�й�ǀaůues�ƌeƉoƌted�in�tŚis�ĮŐuƌe�ůeŐend�aƌe�
statisticaůůǇ�siŐniĮcant�at�ƉфϬ.ϬϬϭ.
A) P. aeruginosa’s ǀiƌuůence�towaƌds�tŚe�Śost�
woƌŵ�Őets�aƩenuated�in�tŚe�Ɖƌesence�oĨ��n-
teƌoƉan. �nteƌoƉan� conĨeƌƌed� a� suƌǀiǀaů� be-
neĮt�on�Śost�C. elegans at�concentƌations�oĨ�
ϮϱϬ͕�ϱϬϬ͕�ϲϬϬ͕�ϳϱϬ͕�and�ϭ͕ϬϬϬ�ʅŐ/ŵ>�witŚ�suƌ-
ǀiǀaů�ƌates�oĨ�ϰϱй�ц�ϱ.ϰϳ͕ �ϱϬй�ц�ϳ.Ϭϳ͕ �ϯϭ.ϭϭй�ц�
ϳ.ϴ͕�ϯϱй�ц�ϴ.ϯϲ͕�and�ϭϯ.ϯϯй�ц�ϱ͕�ƌesƉectiǀeůǇ.�
KŇoǆacin�;Ϭ.ϱ�ђŐ/ŵ>Ϳ�was�eŵƉůoǇed�as�a�Ɖosi-
tiǀe�contƌoů�and�conĨeƌƌed�ϴϱ.ϱϱй�ц�ϱ.Ϯϳ�suƌ-
ǀiǀaů�beneĮt�on�Śost�woƌŵ.�WƌoŐenies�;dEd��
ʹ�too�nuŵeƌous�to�countͿ�weƌe�obseƌǀed�on�
tŚe�tŚiƌd�daǇ�in�eǆƉeƌiŵentaů�weůůs�and�Ɖositi-
ǀe�contƌoů.�^ee�suƉƉůeŵentaƌǇ�ǀideos��Ͳ�.�B) 
�nteƌoƉan ƉƌeͲtƌeatŵent� ƌeduced� bacteƌiaů�
ǀiƌuůence� towaƌds� C. elegans.� WƌeͲtƌeatŵent�
oĨ�bacteƌia�witŚ��nteƌoƉan�at�concentƌations�
oĨ�ϱϬϬ͕�ϲϬϬ͕�ϳϱϬ͕�and�ϭϬϬϬ�ʅŐ/ŵ>�ƌeduced�its�
ǀiƌuůence�towaƌds�Śost�woƌŵ�bǇ�ϱϬй�ц�ϱ͕�ϳϬй�
ц�ϳ.Ϭϳ͕ �ϳϴ.ϴϴй�ц�ϲ͕�and�ϳϲ.ϲϲй�ц�ϱ͕�ƌesƉecti-
ǀeůǇ͕�as�Ɖeƌ�tŚe�ĮŌŚ�daǇ�endͲƉoint.�KŇoǆacin�
;Ϭ.ϱ�ђŐ/ŵ>Ϳ�ƉƌeͲtƌeatŵent�ƌeduced�bacteƌiaů�
ǀiƌuůence� towaƌds� tŚe� Śost� woƌŵ� bǇ� ϱϬй� ц�
ϱ.ϳϳ.� WƌoŐenies� weƌe� obseƌǀed� on� tŚe� tŚiƌd�
daǇ� in� eǆƉeƌiŵentaů� weůůs� coƌƌesƉondinŐ� to�
шϱϬϬ�ʅŐ/ŵ>��nteƌoƉan�as�weůů�as�Ɖositiǀe�con-
tƌoů. ^ee� suƉƉůeŵentaƌǇ� ǀideos� &Ͳ/.�C) P. ae­
ruginosa�did�not�deǀeůoƉ�coŵƉůete�ƌesistance�
eǀen� aŌeƌ� ƌeƉeated� eǆƉosuƌe� to� �nteƌoƉan.�
P. aeruginosa obtained� aŌeƌ� ĮŌŚ� and� tentŚ�
subcuůtuƌinŐs� in� �nteƌoƉan� ;ϲϬϬ� ʅŐ/ŵ>ͿͲ
containinŐ�ŵedia�disƉůaǇed�ϱϴ.ϯϯйцϰ.Ϭϰ�and�
ϰϯ.ϯϯйцϭϬ.ϯ� ůesseƌ� ǀiƌuůence͕� ƌesƉectiǀeůǇ͕�
tŚan�eǆtƌactͲnonͲeǆƉosed�ƉatŚoŐen.
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weƌe�aůůowed� to�aƩacŬ C. elegans in�Dϵ�buīeƌ� ;containinŐ�
no� �nteƌoƉanͿ.� Eo� ƌesistance� seeŵed� to� Śaǀe� eǀoůǀed� in�
P. aeruginosa� tiůů� ĮŌŚ� subcuůtuƌinŐ͖� Śoweǀeƌ͕ � ϭϬ� subcuůtuƌ-
inŐs� in� �nteƌoƉanͲsuƉƉůeŵented� ŵedia� seeŵed� to� aůůow�
tŚe�ƉatŚoŐen� to�oǀeƌcoŵe� tŚis� Ĩoƌŵuůation s͛�antiͲǀiƌuůence�
eīect�ŵaƌŐinaůůǇ�;Ϯϯ.ϯй͖�&iŐ.�ϭ�Ϳ.�dŚis�inabiůitǇ�oĨ�tŚe�ƉatŚo-
Ően�to�deǀeůoƉ�coŵƉůete�ƌesistance�aŐainst��nteƌoƉan�ŵiŐŚt�
be�aƩƌibutabůe�to�tŚe�ƉoůǇŚeƌbaů�natuƌe�oĨ�tŚe�Ĩoƌŵuůation.�
�s� tŚe�ƉoůǇŚeƌbaů� Ĩoƌŵuůations�can�Śaǀe�ŵuůtiƉůe�bioactiǀe�
coŵƉounds�in�tŚeŵ͕�tŚeǇ�ŵaǇ�eǆeƌt�a�ŵuůtiƉůicitǇ�oĨ�taƌŐets�
aŐainst� tŚe� susceƉtibůe� ƉatŚoŐen.� do� deǀeůoƉ� ƌesistance� in�
tŚis� scenaƌio͕� tŚe� ƉatŚoŐen� wouůd� be� ƌeƋuiƌed� to� deǀeůoƉ�
ŵuůtiƉůe� siŵuůtaneous� ŵutations͕� and� tŚat� is� a� Ƌuite� ůess�
Ɖƌobabůe�eǀent�bioůoŐicaůůǇ�as�weůů�statisticaůůǇ.�

Enteropan offered prophylactic protection to C. elegans

do� inǀestiŐate�wŚetŚeƌ� �nteƌoƉan� ƉƌeͲĨeedinŐ� can� oīeƌ�
anǇ�ƉƌoƉŚǇůactic�beneĮt� to�woƌŵ�ƉoƉuůation� in� tŚe� Ĩace�oĨ�
subseƋuent� ƉatŚoŐen� cŚaůůenŐe͕� we� aůůowed� P. aeruginosa
to� aƩacŬ� woƌŵs� ƉƌeͲĨed� witŚ� �nteƌoƉan� ;ϱͲϭ͕ϬϬϬ� ђŐ/ŵ>Ϳ.�
�nteƌoƉan�at�шϱϬ�ђŐ/ŵ>�did�conĨeƌ�ƉƌoƉŚǇůactic�beneĮt�on�
woƌŵ�ƉoƉuůation.�tŚiůe�concentƌations�tiůů�ϱϬϬ�ђŐ/ŵ>�suƉ-
Ɖoƌted�woƌŵ�suƌǀiǀaů�;ϭϯйͲϮϲйͿ�tiůů�ϰϴ�Śouƌs�ƉostͲƉatŚoŐen�
cŚaůůenŐe� ;&iŐ.� Ϯ�Ϳ͕� ŚiŐŚeƌ� concentƌations� suƉƉoƌted�woƌŵ�
suƌǀiǀaů�;ϮϬйͲϮϯйͿ�tiůů�tŚe�ĮŌŚ�daǇ�;&iŐ.�Ϯ�͖�^uƉƉůeŵentaƌǇ�
ǀideos͗�:ͲDͿ.��onsideƌinŐ�tŚe�ĮƌstͲdaǇ�endͲƉoint�;i.e.�bǇ�tŚe�
tiŵe�tŚe�ƉatŚoŐen�Ŭiůůed�ϭϬϬй�woƌŵs�in�contƌoů�weůůsͿ͕�ceƌ-
tain� �nteƌoƉan� concentƌations� ;ϱϬϬͲϳϱϬ�ђŐ/ŵ>Ϳ� ƉeƌĨoƌŵed�
at�Ɖaƌ�to�tŚe�Ɖositiǀe�contƌoů�oŇoǆacin.�

Enteropan is effective as a post-infection therapy

do� inǀestiŐate�wŚetŚeƌ��nteƌoƉan� is�eīectiǀe�as�a�ƉostͲ
inĨection� tŚeƌaƉǇ͕ � we� added� �nteƌoƉan� ;ϱϬͲϭ͕ϬϬϬ� ʅŐ/ŵ>Ϳ�
aŌeƌ�ϯ�oƌ�ϲ�Śouƌs�oĨ�ŵiǆinŐ�bacteƌia�witŚ�tŚe�woƌŵs.�tŚiůe�
�nteƌoƉan�addition�Ɖost�ϲ�Śouƌs�oĨ�bacteƌiaů�aƩacŬ�on�woƌŵs�
couůd�not�ƌescue�tŚe�Śost�;&iŐ.�̂ ϭͿ͕�its�addition�Ɖost�ϯ�Śouƌs�oĨ�
bacteƌiaů�aƩacŬ�couůd�ƌescue�ϭϬйͲϮϳй�oĨ�tŚe�woƌŵs�;&iŐ. Ϯ�͖�
^uƉƉůeŵentaƌǇ� ǀideos͗� EͲZͿ.� �s� a� ƉostͲinĨection� tŚeƌaƉǇ͕ �
�nteƌoƉan s͛� ƉeƌĨoƌŵance� did� not� iŵƉƌoǀe�witŚ� incƌease� in�
concentƌation.�

do�Śaǀe�a�ŵecŚanistic�insiŐŚt�into�tŚe��nteƌoƉanͲP. aeru­
ginosa� inteƌaction͕�we� cŚecŬed� tŚe� eīect� oĨ� �nteƌoƉan� on�
ǀaƌious� ǀiƌuůence� tƌaits� oĨ� tŚis� ƉatŚoŐen� in vitro͕� and� aůso�
coŵƉaƌed� tŚe� Őene� eǆƉƌession� ƉƌoĮůe� oĨ� tŚe� �nteƌoƉanͲ
treated  P. aeruginosa�witŚ�tŚat�oĨ�eǆtƌactͲnonͲeǆƉosed�con-
tƌoů�at�tŚe�wŚoůe�tƌanscƌiƉtoŵe�ůeǀeů.�

In vitro experiments

Enteropan forced overproduction of QS-regulated pigments 
without affecting the bacterial growth heavily

�nteƌoƉan�tiůů� ϭϬϬ�ђŐ/ŵ>�Śad�no�eīect�on�P. aeruginosa
ŐƌowtŚ.�dŚouŐŚ�Ĩƌoŵ�ϮϱϬ�ђŐ/ŵ>�onwaƌds�it�Śad�soŵe�ŐƌowtŚ�
inŚibitoƌǇ�eīect͕�tŚe�ŵaŐnitude�oĨ�tŚis�inŚibitoƌǇ�eīect�did�not�
incƌease�ŵucŚ�witŚ�incƌease�in�concentƌation�;&iŐ.�ϯ�Ϳ.��ǆceƉt�
ϱ�ђŐ/ŵ>͕��nteƌoƉan�at�aůů�tested�concentƌations�enŚanced�Ɖƌo-
duction�oĨ�Y^ͲƌeŐuůated�ƉiŐŵents�;ƉǇoǀeƌdine�and�ƉǇocǇaninͿ.�

,ence�concentƌations�oĨ�ϮϱͲϭϬϬ�ђŐ/ŵ>�can�be�said�to�Śaǀe�Ɖuƌe�
ƋuoƌuŵͲŵoduůatoƌǇ�eīect�on�P. aeruginosa.�dŚouŐŚ�in�Őeneƌaů�
�nteƌoƉan s͛�eīect�on�ƉiŐŵent�Ɖƌoduction�seeŵed�to�be�doseͲ
deƉendent͕� bacteƌiuŵ s͛� ƌesƉonse� at� ϲϬϬ� ђŐ/ŵ>� seeŵed� to�
deǀiate�Ĩƌoŵ�tŚis�ƉaƩeƌn�in�case�oĨ�botŚ�tŚe�ƉiŐŵents.�

Enteropan had a moderately negative effect on pre-formed 
biofilm

dŚouŐŚ� �nteƌoƉan s͛� Ɖƌesence� couůd� not� coŵƉƌoŵise�
P. aeruginosa s͛�abiůitǇ�to�Ĩoƌŵ�bioĮůŵ͕�wŚen��nteƌoƉan�was�
added� onto� tŚe� ƉƌeͲĨoƌŵed� bioĮůŵ͕� it� couůd� eƌadicate� tŚe�
bioĮůŵ�ƉaƌtůǇ�and�aůso�ƌeduced�tŚe�ŵetaboůic�actiǀitǇ�witŚin�
tŚe�bioĮůŵ�;&iŐ.�ϯ�Ϳ.�

Enteropan disturbed nitrogen metabolism in P. aeruginosa

^ince� ŵuůtiƉůe� Őenes� associated� witŚ� detoǆiĮcation� oĨ�
ƌeactiǀe� nitƌoŐen� sƉecies� weƌe� uƉƌeŐuůated� ;tƌanscƌiƉtoŵe�
data� descƌibed� ůateƌͿ͕� we� ŚǇƉotŚesiǌed� tŚat� �nteƌoƉanͲ
treated  P. aeruginosa’s�abiůitǇ�to�oǀeƌcoŵe�nitƌosatiǀe�stƌess�is�
coŵƉƌoŵised.�do�cŚecŬ�tŚis�ŚǇƉotŚesis͕�we�ƋuantiĮed�nitƌite�
concentƌation�in�eǆtƌactͲtƌeated�P. aeruginosa�cuůtuƌe�suƉeƌ-
natant͕�wŚeƌein� it�was� Ĩound� to�Śaǀe�ϰϳ.ϭϬй�ŚiŐŚeƌ�nitƌite�
concentƌation�as� coŵƉaƌed� to� contƌoů� ;&iŐ.� ϯ�Ϳ.� dŚis�ŚiŐŚeƌ�
accuŵuůation�oĨ�nitƌite�can�be�taŬen�as�an�indication�oĨ�coŵ-
Ɖƌoŵised�denitƌiĮcation�eĸciencǇ͕ �since�nitƌite� is�an� iŵƉoƌ-
tant� inteƌŵediate� in� denitƌiĮcation� ƉatŚwaǇ� aŚead� oĨ� tŚe�
toǆic�nitƌic�oǆide�;ϰϯͿ.�Eitƌosatiǀe�stƌess�can�iŵƉact�tŚe�oǀeƌ-
aůů�bacteƌiaů�Įtness�neŐatiǀeůǇ�in�ŵuůtiƉůe�waǇs�;ϰϰͿ.�Zeactiǀe�
nitƌoŐen�sƉecies�can�daŵaŐe�bioŵoůecuůes� ůiŬe��E�͕� ůiƉids͕�
and�Ɖƌoteins.�Zesistance� to�nitƌosatiǀe� stƌesses� is�oĨ� cƌuciaů�
iŵƉoƌtance�towaƌds� tŚe�suƌǀiǀaů�oĨ�bacteƌia� in� tŚe�enǀiƌon-
ŵent� as�weůů� as� inside� tŚe�Śost.� /n� ŐƌaŵͲneŐatiǀe�bacteƌia͕�
seǀeƌaů�ŵecŚanisŵs�ƉƌotectinŐ�aŐainst�oǆidatiǀe�and�nitƌosa-
tiǀe�stƌesses�aƌe�Ɖƌesent� in�tŚe�enǀeůoƉe.��ǆcessiǀe�nitƌosa-
tiǀe�stƌess�can�distuƌb�tŚe�enǀeůoƉe�Śoŵeostasis͕�and�tŚis�in�
Ĩact� is� ƌeŇected� in� tŚe� tƌanscƌiƉtoŵe�oĨ��nteƌoƉanͲeǆƉosed�
P. aeruginosa͕�wŚeƌein�ϯϮ�ceůů�enǀeůoƉe�;ceůů�waůů�and�ůiƉoƉoůǇ-
saccŚaƌide͕�>W^ͿͲassociated�Őenes�aƌe�eǆƉƌessed�diīeƌentůǇ.�

Enteropan-modulated P. aeruginosa’s susceptibility to 
imipenem and augmentin

tŚen� �nteƌoƉanͲƉƌeͲtƌeated� P. aeruginosa� ceůůs� weƌe�
subseƋuentůǇ� cŚaůůenŐed�witŚ�diīeƌent� antibiotics� in� a�disc�
diīusion�assaǇ͕ �tŚese�ceůůs�eǆŚibited�ŵaƌŐinaů�incƌease�in�tŚeiƌ�
susceƉtibiůitǇ� to� iŵiƉeneŵ͖� Śoweǀeƌ͕ � tŚeiƌ� susceƉtibiůitǇ� to�
auŐŵentin�disaƉƉeaƌed� ĨoůůowinŐ� �nteƌoƉan� ƉƌeͲtƌeatŵent�
;dab.�^ϱ͖�&iŐ.�ϯ�͕��Ϳ.�dŚis�eīect�oĨ��nteƌoƉan�ƉƌeͲtƌeatŵent�
on�iŵiƉeneŵ�susceƉtibiůitǇ�was�aůso�conĮƌŵed�in�ůiƋuid�cuů-
tuƌe͕� wŚeƌein� �nteƌoƉanͲƉƌeͲtƌeated� ceůůs� weƌe� obseƌǀed�
to� eǆŚibit� uƉ� to� Ϯϭ.ϰϯй� ŚiŐŚeƌ� susceƉtibiůitǇ� to� iŵiƉeneŵ�
;&iŐ. ϯ&Ϳ.�/ŵiƉeneŵ�beůonŐs�to�tŚe�caƌbaƉeneŵ�cůass�oĨ�betaͲ
ůactaŵs� ;ϰϱͿ͕� and� caƌbaƉeneŵ� ƌesistance� aŵonŐ�P. aerugi­
nosa� isoůates� aƌe� beinŐ� ǀiewed� as� a� seƌious� Ɖƌobůeŵ� ;ϰϲͿ.�
^ince�tŚis�cůass�oĨ�antibiotics�aƌe� ůooŬed�as�a� ůast� ƌesoƌt� Ĩoƌ�
tƌeatŵent� oĨ�D�Z�P. aeruginosa� ;ϰϳͿ͕� ƌesistance�ŵodiĮeƌs�
caƉabůe�oĨ�ŵaŬinŐ�tŚis�bacteƌiuŵ�ŵoƌe�susceƉtibůe�to�tŚeŵ�
can�be�oĨ�ŚeůƉ�in�eǆtendinŐ�tŚe�ůiĨesƉan�oĨ�tŚese�antibiotics�
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FIGURE 2 - WƌoƉŚǇůactic�and�ƉostͲinĨection�tŚeƌaƉeutic�Ɖotentiaů�oĨ�
�nteƌoƉan.��ůů�tŚe�й�ǀaůues�ƌeƉoƌted�in�tŚis�ĮŐuƌe�ůeŐend�aƌe�stati-
sticaůůǇ�siŐniĮcant�at�ƉфϬ.ϬϬϭ. A-B) �nteƌoƉan�oīeƌed�ƉƌoƉŚǇůactic�
Ɖƌotection� to� tŚe� woƌŵ� ƉoƉuůation� aŐainst� subseƋuent� bacteƌiaů�
cŚaůůenŐe. toƌŵs�ƉƌeͲĨed�witŚ �nteƌoƉan�concentƌations�oĨ�ϱϬ͕�ϳϱ͕�
ϭϬϬ͕�ϮϱϬ͕�and�ϱϬϬ�μŐ/ŵ>�ƌeŐisteƌed�ϭϯ.ϯй�цϱ͕�Ϯϲ.ϲй�цϱ͕�ϮϬй�цϴ.ϲϲ͕�
ϭϳй�ц�ϲ.ϲϲ͕�and�ϮϬй�цϴ.ϲϲ�beƩeƌ�suƌǀiǀaů͕�ƌesƉectiǀeůǇ͕�tiůů�tŚe�se-
cond� daǇ� in� tŚe� Ĩace� oĨ� subseƋuent� ƉatŚoŐen� cŚaůůenŐe.�toƌŵs�
ƉƌeͲĨed�witŚ�ŚiŐŚeƌ�concentƌations�oĨ��nteƌoƉan�at�ϲϬϬ͕�ϳϱϬ͕�and�
1000 μŐ/ŵ>� ƌeŐisteƌed� ϱϭ.ϭϭй� ц� ϳ.ϴ͕� ϱϯ.ϯϯ� ц� ϳ.Ϭϳ͕ � and� ϰϯ.ϯϯй� ц�
ϴ.ϲϲ�suƌǀiǀaů͕�ƌesƉectiǀeůǇ͕�tiůů�tŚe�end�oĨ�Įƌst�daǇ�oĨ�ƉatŚoŐen�cŚaů-
ůenŐe.�DaŐnitude�oĨ�tŚe�ƉƌoƉŚǇůactic�beneĮt�as�Ɖeƌ�ĮŌŚ�daǇ�Ɖoint�
was�ϮϬй�ц�ϱ͕�Ϯϯ.ϯϯ�ц�ϱ͕�and�ϮϬй�ц�ϳ.Ϭϳ͕ �ƌesƉectiǀeůǇ.�WƌeͲĨeedinŐ�
tŚe�woƌŵs�witŚ�diŵetŚǇůsuůĨoǆide� ;�D^K͕�Ϭ.ϱй�ǀ/ǀͿ�did�not�aůteƌ�
tŚeiƌ� susceƉtibiůitǇ� to� subseƋuent� bacteƌiaů� cŚaůůenŐe.� KŇoǆacin�
;Ϭ.ϱ�ђŐ/ŵ>Ϳ�eŵƉůoǇed�as�a�Ɖositiǀe�contƌoů�conĨeƌƌed�ϰϰ.ϵй�± 5.49 
ƉƌoƉŚǇůactic�beneĮt�on�tŚe�Śost�woƌŵs.�^ee�suƉƉůeŵentaƌǇ�ǀideos�
:ͲD. C) �nteƌoƉan couůd� ƉaƌtiaůůǇ� ƌescue� woƌŵ� ƉoƉuůation� wŚen�
used�as�a�ƉostͲinĨection�tŚeƌaƉǇ.�tŚen�ƉƌeͲinĨected�woƌŵs�weƌe�
eǆƉosed�to��nteƌoƉan at�ϮϱϬ͕�ϱϬϬ͕�ϲϬϬ͕�ϳϱϬ͕�and�ϭϬϬϬ�μŐ/ŵ>͕�tŚeǇ�
scoƌed�Ϯϲ.ϲϲй�ц�ϳ.Ϭ͕�ϮϮ.ϮϮй�ц�ϵ.ϳϭ͕�ϭϭ.ϭй�ц�ϯ.ϯϯ͕�ϭϯ.ϯй�ц�ϲ͕�and�
ϭϲ.ϲϲй� ц� ϳ.Ϭϳ� beƩeƌ� suƌǀiǀaů͕� ƌesƉectiǀeůǇ͕� tŚan� contƌoů� woƌŵs.�
KŇoǆacin�;Ϭ.ϱ�ђŐ/ŵ>Ϳ�eŵƉůoǇed�as�Ɖositiǀe�contƌoů͕�ϯ�Śouƌs�ƉostͲ
inĨection͕�ƌescued�ϳϭ.ϭϭй�ц�ϳ.ϴϭ�woƌŵs.��D^K�;Ϭ.ϱй�ǀ/ǀͿ�did�not�
conĨeƌ�anǇ�suƌǀiǀaů�beneĮt�wŚen�added�ƉostͲinĨection.�^ee�suƉƉůe-
ŵentaƌǇ�ǀideos�EͲZ.
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FIGURE 3 -  �nteƌoƉan͛s�eīect�on�ǀaƌious�ƉŚenotǇƉic�tƌaits�
oĨ�Pseudomonas aeruginosa ƌeǀeaůed�tŚƌouŐŚ�diīeƌent� in 
vitro� assaǇs. A) �nteƌoƉan� enŚances� Ɖƌoduction� oĨ� Ƌuo-
ƌuŵͲƌeŐuůated�ƉiŐŵents�in�P. aeruginosa͕�wŚiůe�eǆŚibitinŐ�
a�ŵiůd�ŐƌowtŚ�inŚibitoƌǇ�eīect.��acteƌiaů�ŐƌowtŚ�was�ŵe-
asured  as O D76 4.�WǇoǀeƌdine�hnit�and�WǇocǇanin�hnit�weƌe�
caůcuůated�as�tŚe�ƌatio�K�405 / O D76 4 and  O D5 20/ O D76 4 ;an�in-
dication�oĨ�ƉǇoǀeƌdine�and�ƉǇocǇanin�Ɖƌoduction�Ɖeƌ�unit�
oĨ� ŐƌowtŚͿ͕� ƌesƉectiǀeůǇ͖� ͚�ontƌoů͛� sŚown� in� tŚis� ĮŐuƌe� is�
tŚe� ǀeŚicůe� contƌoů� ;Ϭ.ϱй� ǀ/ǀ� diŵetŚǇůsuůĨoǆide� ;�D^KͿͿ͕�
wŚicŚ� aīected� neitŚeƌ� ŐƌowtŚ� noƌ� ƉiŐŵent� Ɖƌoduction.�
KŇoǆacin� ;Ϭ.ϱ� ђŐ/ŵ>Ϳ� inŚibited� ŐƌowtŚ� bǇ� ϲϱ.ϲй� цϱ.ϯϮ͕�
wŚiůe�inŚibitinŐ�ƉiŐŵent�Ɖƌoduction�coŵƉůeteůǇ.�B) �nteƌo-
Ɖan͛s�eīect�on�P. aeruginosa͛s bioĮůŵ�Ĩoƌŵation�caƉabiůitǇ�
and�on�ƉƌeͲĨoƌŵed�bioĮůŵ.�tŚiůe�P. aeruginosa͛s�bioĮůŵ�
Ĩoƌŵation�abiůitǇ� ƌeŵained�unaīected� in� tŚe�Ɖƌesence�oĨ�
�nteƌoƉan͕� �nteƌoƉanͲƉƌeͲeǆƉosed� ceůůs� subseƋuentůǇ� aů-
ůowed�to�Ĩoƌŵ�bioĮůŵ�on�Őůass�suƌĨace�accuŵuůated�ŚiŐŚeƌ�
bioŵass.��nteƌoƉan�wŚen�added�onto�ƉƌeͲĨoƌŵed�bioĮůŵ�
couůd�eƌadicate�tŚe�bioĮůŵ�ƉaƌtiaůůǇ͕�and�aůso�ƌeduced�tŚe�
bioĮůŵ�ŵetaboůic�actiǀitǇ�notabůǇ.��D^K�;Ϭ.ϱй�ǀ/ǀͿ�used�
as� ǀeŚicůe� contƌoů� did� not� aīect� bioĮůŵ�oĨ� tŚe�P. aerugi­
nosa� in�anǇ�oĨ�tŚese�Ĩouƌ�assaǇs.�C) P. aeruginosa�cuůtuƌe�
accuŵuůated�ŚiŐŚeƌ�eǆtƌaceůůuůaƌ�nitƌite�in�tŚe�Ɖƌesence�oĨ�
�nteƌoƉan.�tŚiůe� nitƌite� concentƌation� in� ǀeŚicůe� contƌoů�
;P. aeruginosa suƉƉůeŵented�witŚ�Ϭ.ϱй�ǀ/ǀ��D^KͿ�was�at�
Ɖaƌ�to�tŚat�witŚout��D^K͕��nteƌoƉan�caused�nitƌite�con-
centƌation�in�P. aeruginosa cuůtuƌe�suƉeƌnatant�to�ƌise.�^o-
diuŵ�nitƌoƉƌusside�used�as�Ɖositiǀe�contƌoů�caused�ϯϬ.ϴй�
ŚiŐŚeƌ�nitƌite�buiůdͲuƉ�in�P. aeruginosa cuůtuƌe.�Eitƌite�hnit�
;i.e.�Eitƌite�concentƌation͗ceůů�densitǇ�ƌatio�was�caůcuůated�
to�nuůůiĨǇ�anǇ�eīect�oĨ�ceůů�densitǇ�on�nitƌite�ƉƌoductionͿ.�
D, E) �nteƌoƉanͲƉƌetƌeated�ceůůs�ƌesƉonded�to�ceƌtain�an-
tibiotics� diīeƌentůǇ.� �nteƌoƉanͲƉƌeͲeǆƉosed� P. aerugino­
sa� eǆƉeƌienced� an� incƌeased� oƌ� decƌeased� susceƉtibiůitǇ�
to� iŵiƉeneŵ�and� auŐŵentin͕� ƌesƉectiǀeůǇ͕� as� ƌeǀeaůed� in�
disc�diīusion�assaǇ.�F) �nteƌoƉan�ƉƌeͲtƌeatŵent�enŚanced�
P. aeruginosa͛s� susceƉtibiůitǇ� to� iŵiƉeneŵ͕�as� ƌeǀeaůed� in�
tŚe� bƌotŚ� diůution� assaǇ. G) /ncƌeased� eǆtƌaceůůuůaƌ� Ɖƌo-
tein c ontent in P. aeruginosa�cuůtuƌe�Őƌown�in�tŚe�Ɖƌesen-
ce� oĨ� �nteƌoƉan.� Wƌotein� hnit� was� caůcuůated� as� ƌatio� oĨ�
O D75 0/ O D76 4 ;an� indication� oĨ� Ɖƌotein� Ɖƌoduction� Ɖeƌ� unit�
oĨ� ŐƌowtŚͿ.� H) Zeduced� intƌaceůůuůaƌ� Ɖƌotein� content� in�
P. aeruginosa�Őƌown�in�tŚe�Ɖƌesence�oĨ��nteƌoƉan. Wƌotein�
content� ƌeƉoƌted� in� ŵŐ/ŵ>� aƌe� ceůů� densitǇ� neutƌaůiǌed�
ǀaůues͕� wŚeƌein� K�76 4 was� adũusted� to� ϭ.ϬϬ� Ɖƌioƌ� to� ceůů�
ůǇsis.�<anaŵǇcin�eŵƉůoǇed�as�a�Ɖositiǀe�contƌoů�at�its�subͲ
ŵiniŵuŵ� inŚibitoƌǇ� concentƌation� ůeǀeů� aůso� Őeneƌated�
ƌesƉonse� siŵiůaƌ� to� tŚat�oĨ� �nteƌoƉan� Ĩƌoŵ�bacteƌiaů� cuů-
tuƌe�witŚ�ƌesƉect�to�eǆtƌaceůůuůaƌ�and�intƌaceůůuůaƌ�Ɖƌotein�
content.��D^K�;Ϭ.ϱй�ǀ/ǀͿ�used�as�͚ ǀeŚicůe�contƌoů͛�aīected�
neitŚeƌ� eǆtƌaceůůuůaƌ� noƌ� intƌaceůůuůaƌ� Ɖƌotein� content.�
aƉ�ч�Ϭ.Ϭϱ͕� b Ɖ ч�Ϭ.Ϭϭ͕�c Ɖ�ч�Ϭ.ϬϬϭ.



P arm ar et al Drug Target Insights 2024;  18:  6 3

© 2024 The Authors. P ub l ished  b y  Ab outSc ienc e - w w w .ab outsc ienc e.eu

bǇ�aůůowinŐ�tŚeiƌ�use�at�ůoweƌ�doses.�,oweǀeƌ�as�seen�witŚ�
auŐŵentin� in� tŚis� studǇ͕ � tŚe� eīect� oĨ� Śeƌbaůs� on� antibiotic�
susceƉtibiůitǇ�oĨ�ƉatŚoŐen�ŵaǇ�not�aůwaǇs�be�Ĩaǀouƌabůe.�

Enteropan alters protein synthesis and secretion in 
P. aeruginosa

�ǆtƌaceůůuůaƌ� Ɖƌotein� concentƌation� ;aŌeƌ� nuůůiĨǇinŐ� ceůů�
densitǇͿ�in�P. aeruginosa�cuůtuƌe�suƉeƌnatant�in�tŚe�Ɖƌesence�
oĨ��nteƌoƉan�was�Ĩound�to�be�ϭ.ϴϵͲĨoůd�ŚiŐŚeƌ�tŚan�tŚat� in�
tŚe�absence�oĨ��nteƌoƉan�;&iŐ.�ϯ'Ϳ.��eůů�densitǇͲneutƌaůiǌed�
intƌaceůůuůaƌ� Ɖƌotein� concentƌation� oĨ� P. aeruginosa� ceůůs�
Őƌown� in�tŚe�Ɖƌesence�oĨ��nteƌoƉan�was� Ĩound�to�be�ϭ.ϰϬͲ
Ĩoůd� ůoweƌ� tŚan� ceůůs� Őƌown� in� tŚe� absence� oĨ� �nteƌoƉan�
;&iŐ. ϯ,Ϳ.�/t�seeŵs�tŚat��nteƌoƉan�eǆeƌted�an�inŚibitoƌǇ�eīect�
on�Ɖƌotein�sǇntŚesis�in�P. aeruginosa�and�Ɖƌoŵoted�Ɖƌotein�
eǆƉoƌt.�dŚis�ŵiŐŚt�Śaǀe�caused�eǀen�soŵe�oĨ� tŚe�essentiaů�
Ɖƌoteins�to�ůeaǀe�tŚe�ceůů.�dŚe�incƌeased�eǆƉoƌt�oĨ�Ɖƌoteins�bǇ�
�nteƌoƉanͲtƌeated�ceůůs�ŵaǇ�be�assuŵed�to�Śaǀe�oƌiŐinated�
Ĩƌoŵ� oǀeƌeǆƉƌession� oĨ� eŋuǆ� ƉuŵƉ/tƌansƉoƌt� ŵacŚineƌǇ�
;as�suŐŐested�bǇ�tŚe�tƌanscƌiƉtoŵe�data�too�descƌibed�ůateƌͿ�
and�a�coŵƉƌoŵised�ceůů�enǀeůoƉe�inteŐƌitǇ�suŐŐested�bǇ�diĨ-
Ĩeƌentiaů�eǆƉƌession�oĨ�ϯϮ�Őenes� inǀoůǀed� in�ceůů�waůů�oƌ�>W^�
sǇntŚesis.�<anaŵǇcin͕�a�Ŭnown�inŚibitoƌ�oĨ�Ɖƌotein�sǇntŚesis�
in�bacteƌia͕�was�eŵƉůoǇed�as�a�Ɖositiǀe�contƌoů�in�tŚis�assaǇ.�
<anaŵǇcin�beůonŐs�to�tŚe�aŵinoŐůǇcoside�ŐƌouƉ�oĨ�antibiot-
ics͕� wŚicŚ� at� subͲŵiniŵuŵ� inŚibitoƌǇ� concentƌation� ;D/�Ϳ�
ůeǀeů�caused�P. aeruginosa�cuůtuƌe�suƉeƌnatants�to�Śaǀe�ϭ.ϳϵͲ
Ĩoůd�ŚiŐŚeƌ�eǆtƌaceůůuůaƌ�Ɖƌotein.�^ucŚ�incƌease�in�eǆtƌaceůůu-
ůaƌ�Ɖƌotein�concentƌation�in�P. aeruginosa�eǆƉosed�to�subͲD/��
ůeǀeů�oĨ�ŬanaŵǇcin�was�aůso�ƌeƉoƌted�bǇ�daŬaŚasŚi�et�aů�;ϰϴͿ.

Enteropan treatment causes large-scale differential gene 
expression in P. aeruginosa

A wŚoůe� tƌanscƌiƉtoŵe� ůeǀeů� coŵƉaƌison� oĨ� tŚe� Őene�
eǆƉƌession� ƉƌoĮůe� oĨ� �nteƌoƉan� ;ϲϬϬ� ђŐ/ŵ>ͿͲtƌeated�
P. aeruginosa witŚ� tŚat�oĨ� contƌoů� ƌeǀeaůed�a� totaů�oĨ�ϵϱϮ�

Őenes� ŐeƫnŐ� eǆƉƌessed� diīeƌentiaůůǇ� ;ůoŐ� Ĩoůd� cŚanŐe� шϮ�
and� &�Z� чϬ.ϬϬϭͿ.� dŚis� aŵounted� to� diīeƌentiaů� eǆƉƌes-
sion�oĨ�ϭϳй�oĨ�Őenoŵe͕�wŚeƌein�ϲϭϲ�Őenes�weƌe�uƉƌeŐu-
ůated� ;dab.� ^ϲͿ� and� ϯϯϲ� weƌe� downƌeŐuůated� ;dab.� ^ϵͿ.�
�oƌƌesƉondinŐ� ǀoůcano� Ɖůot� ;&iŐ.� ^ϯͿ� is� Őiǀen� in� suƉƉůe-
ŵentaƌǇ�Įůe.���ĨunctionͲwise�cateŐoƌiǌation�oĨ�aůů�tŚe���'�
is� Ɖƌesented� in� &iŐuƌe� ϰ.�tŚiůe� aůů� ��'� ƉeƌtaininŐ� to� ceůů�
diǀision�weƌe�downƌeŐuůated�;and�ŵaũoƌitǇ�oĨ���'�Ɖeƌtain-
inŐ�to�tƌansůation�tooͿ͕�tŚe�ŵaũoƌitǇ�oĨ���'�associated�witŚ�
eŋuǆ� ƉuŵƉ/tƌansƉoƌt� weƌe� uƉƌeŐuůated.� KǀeƌeǆƉƌession�
oĨ�eŋuǆ�ŵacŚineƌǇ� is�Ŭnown�to�coŵƉƌoŵise�bacteƌiaů�Įt-
ness�bǇ�causinŐ�ƉŚǇsioůoŐicaů�dǇsƌeŐuůation�;ϰϵͿ.�KwinŐ�to�
tŚe� iŵƉoƌtant� ƉŚǇsioůoŐicaů� ƌoůes� oĨ� eŋuǆ� ƉuŵƉs� in� ǀaƌi-
ous� Ĩunctions�sucŚ�as� inteƌceůůuůaƌ�coŵŵunication͕�bacte-
ƌiaů� ƉatŚoŐenicitǇ� and� ǀiƌuůence͕� and� bioĮůŵ� Ĩoƌŵation͕�
eǆƉƌession�oĨ�ŵaũoƌitǇ�oĨ�tŚeŵ�is�subũect�to�tiŐŚt�contƌoů�bǇ�
diīeƌent�tƌanscƌiƉtionaů�ƌeŐuůatoƌs.��nǇ�ŵiscŚieĨ�witŚ�tŚis�
ƌeŐuůation�ůeadinŐ�to�oǀeƌeǆƉƌession�oĨ�tŚe�eŋuǆ�Ĩunction�
ŵaǇ�ƌesuůt�in�ůeaŬinŐ�oĨ�eǀen�essentiaů�iteŵs.��n�eŵƉiƌicaů�
ůooŬ� at� tŚe� ůist� oĨ� ��'� suŐŐested� tŚat� �nteƌoƉan� aƩenu-
ated� ǀiƌuůence� oĨ� P. aeruginosa� bǇ� causinŐ� dǇsƌeŐuůation�
oĨ�ŵetaů�Śoŵeostasis͕�nitƌoŐen�ŵetaboůisŵ͕�tƌanscƌiƉtion͕�
aŵino� acid� and� Ɖƌotein� sǇntŚesis͕� caƌbon� ŵetaboůisŵ͕�
ŵotiůitǇ͕� eŋuǆ͕� etc.�Zesuůts�oĨ� ǀaƌious� in vitro� assaǇs�Ɖƌe-
sented�in�tŚe�ƉƌecedinŐ�section�coƌƌoboƌates�weůů�witŚ�tŚe�
tƌanscƌiƉtoŵe�data.

Network analysis of DEG in Enteropan-exposed 
P. aeruginosa

te�cƌeated�WW/�netwoƌŬ�Ĩoƌ�uƉͲ�and�downƌeŐuůated�Őenes�
seƉaƌateůǇ.� WW/� netwoƌŬ� Ĩoƌ� uƉƌeŐuůated� Őenes� Őeneƌated�
tŚƌouŐŚ�^dZ/E'�is�Ɖƌesented�in�&iŐuƌe�ϱ�͕�wŚicŚ�sŚows�ϲϭϬ�
nodes�connected�tŚƌouŐŚ�Ϯ͕ϮϳϮ�edŐes�witŚ�an�aǀeƌaŐe�node�
deŐƌee�oĨ�ϳ.ϰϱ.�̂ ince�tŚe�nuŵbeƌ�oĨ�edŐes�in�tŚis�WW/�netwoƌŬ�
is�Ϯ.ϬϲͲĨoůd�ŚiŐŚeƌ�tŚan�eǆƉected�;ϭ͕ϭϬϭͿ�witŚ�a�WW/�enƌicŚ-
ŵent�ƉͲǀaůue�фϭ.ϬeͲϭϲ͕�tŚis�netwoƌŬ�can�be�said�to�Ɖossess�

FIGURE 4 - &unctionͲwise� cateŐoƌiǌa-
tion�oĨ�tŚe�diīeƌentiaůůǇ�eǆƉƌessed�Őe-
nes� ;��'Ϳ� in� �nteƌoƉanͲtƌeated� Pseu­
domonas aeruginosa. Weƌcent� ǀaůues�
ƌeƉoƌted� aƌe� caůcuůated� consideƌinŐ�
tŚe�totaů�nuŵbeƌ�oĨ�diīeƌentůǇ�eǆƉƌes-
sed� Őenes� as� ϭϬϬй.� saůues� in� Ɖaƌen-
tŚesis�aƌe�nuŵbeƌ�oĨ���'�beůonŐinŐ�to�
tŚat�Ɖaƌticuůaƌ�cateŐoƌǇ.
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siŐniĮcantůǇ�ŵoƌe�inteƌactions�aŵonŐ�tŚe�ŵeŵbeƌ�Ɖƌoteins�
tŚat�wŚat�can�be�eǆƉected� Ĩoƌ�a� ƌandoŵ�set�oĨ�Ɖƌoteins�oĨ�
tŚe� identicaů� saŵƉůe� siǌe� and� deŐƌee� distƌibution.� ^ucŚ�
enƌicŚŵent� can� be� taŬen� as� an� indication� oĨ� tŚe� ŵeŵbeƌ�
Ɖƌoteins�beinŐ�at�ůeast�ƉaƌtiaůůǇ�bioůoŐicaůůǇ�connected.�tŚen�
we� aƌƌanŐed� aůů� tŚe� uƉƌeŐuůated� ��'s� in� decƌeasinŐ� oƌdeƌ�
oĨ�node�deŐƌee͕�ϱϳϮ�nodes�weƌe� Ĩound�to�Śaǀe�a�nonͲǌeƌo�
scoƌe� ;dab.�^ϳͿ͕�and�we�seůected� toƉ�ϱϮ�Őenes�witŚ�a�node�

deŐƌee�шϭϵ�Ĩoƌ�ĨuƌtŚeƌ�ƌanŬinŐ�bǇ�diīeƌent�cǇto,ubba�ŵetŚ-
ods.�dŚen�we�ůooŬed�Ĩoƌ�Őenes�wŚicŚ�aƉƉeaƌed�aŵonŐ�toƉͲϲ�
ƌanŬed�candidates�bǇ�шϲ�cǇto,ubba�ŵetŚods�;dab.�^ϴͿ͕�and�
siǆ�sucŚ�Őenes�weƌe�ĨuƌtŚeƌ�cŚecŬed�Ĩoƌ�inteƌactions�aŵonŐ�
tŚeŵseůǀes�bǇ�cůusteƌ�anaůǇsis� ;&iŐ.�ϱ�Ϳ͕�wŚose�oǀeƌeǆƉƌes-
sion� can� be� ŚǇƉotŚesiǌed� to� distuƌb� ƉatŚoŐen� ƉŚǇsioůoŐǇ.�
/nteƌaction� ŵaƉ� oĨ� tŚese� siǆ� Ɖotentiaů� Śubs� sŚowed� tŚeŵ�
to�be�stƌonŐůǇ�netwoƌŬed�as�tŚe�aǀeƌaŐe�node�deŐƌee�scoƌe�

FIGURE 5 - A) WƌoteinͲWƌotein�
/nteƌaction� ;WW/Ϳ� netwoƌŬ� oĨ�
uƉƌeŐuůated� Őenes� in� �nteƌo-
ƉanͲeǆƉosed�Pseudomonas ae­
ruginosa.� �dŐes� ƌeƉƌesent� Ɖƌo-
teinͲƉƌotein� associations� tŚat�
aƌe� ŵeant� to� be� sƉeciĮc� and�
ŵeaninŐĨuů͕� tŚat� is͕� Ɖƌoteins�
ũointůǇ� contƌibute� to� a� sŚaƌed�
Ĩunction.� dŚis� does� not� neces-
saƌiůǇ�ŵean� tŚeǇ� aƌe�ƉŚǇsicaůůǇ�
bindinŐ�to�eacŚ�otŚeƌ.�EetwoƌŬ�
nodes�ƌeƉƌesent�aůů�tŚe�Ɖƌoteins�
Ɖƌoduced� bǇ� a� sinŐůe͕� ƉƌoteinͲ
codinŐ� Őene� ůocus.� B) WW/� net-
woƌŬ�oĨ�toƉͲƌanŬed�Őenes�ƌeǀe-
aůed�tŚƌouŐŚ�cǇto,ubba�aŵonŐ�
uƉƌeŐuůated� diīeƌentiaůůǇ� eǆ-
Ɖƌessed�Őenes�;��'Ϳ� in��nteƌo-
ƉanͲeǆƉosed�P. aeruginosa.
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FIGURE 6 - A) WƌoteinͲWƌotein�
/nteƌaction� ;WW/Ϳ� netwoƌŬ� oĨ�
downƌeŐuůated�Őenes�in��nte-
ƌoƉanͲeǆƉosed� Pseudomonas 
aeruginosa. B)� WW/� netwoƌŬ�
oĨ� toƉͲƌanŬed�Őenes� ƌeǀeaůed�
tŚƌouŐŚ� cǇto,ubba� aŵonŐ�
downƌeŐuůated� diīeƌentiaůůǇ�
eǆƉƌessed� Őenes� ;��'Ϳ� in�
�nteƌoƉanͲeǆƉosed�P. aerugi­
nosa.

TABLE 3 - �oͲoccuƌƌence�anaůǇsis�oĨ�Őenes�codinŐ�Ĩoƌ�Ɖotentiaů�taƌŐets�in�P. aeruginosa

was ϱ.�dŚis netwoƌŬ�Ɖossessed�ϭϱ�edŐes�as�aŐainst�eǆƉected�
;ǌeƌoͿ�Ĩoƌ�anǇ�sucŚ�ƌandoŵ�set�oĨ�Ɖƌoteins.�dŚe�WW/�netwoƌŬ�
sŚowed�Įǀe�oĨ�tŚese�siǆ�Ɖotentiaů�Śubs�to�be�Ɖaƌt�oĨ�a�sinŐůe�
ůocaů�netwoƌŬ�cůusteƌ�;&iŐ.�ϱ�Ϳ.��oͲoccuƌƌence�anaůǇsis�sŚowed�
aůů�oĨ�tŚese�siǆ�Śubs�beinŐ�absent�Ĩƌoŵ�Śuŵans�;dab. ϯͿ�and�

Śence� aŐonists� oĨ� tŚese� Śubs� ŵaǇ� be� eǆƉected� to� taƌŐet�
ƉatŚoŐen� seůectiǀeůǇ� witŚout� inteƌĨeƌinŐ� witŚ� Śost� sǇsteŵ�
ĨunctioninŐ.�

WW/� netwoƌŬ� Ĩoƌ� downƌeŐuůated� Őenes� is� Ɖƌesented� in�
&iŐuƌe�ϲ�͕�wŚicŚ�sŚows�ϯϮϳ�nodes�connected�tŚƌouŐŚ�ϯ͕ϮϬϲ�
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edŐes�witŚ�an�aǀeƌaŐe�node�deŐƌee�oĨ�ϭϵ.ϲ.�̂ ince�tŚe�nuŵbeƌ�
oĨ�edŐes�in�tŚis�WW/�netwoƌŬ�is�ϭ.ϵϯͲĨoůd�ŚiŐŚeƌ�tŚan�eǆƉected�
;ϭ͕ϲϱϴͿ�witŚ�a�WW/�enƌicŚŵent�ƉͲǀaůue�фϭ.ϬeͲϭϲ͕�tŚis�netwoƌŬ�
can�be�said�to�Ɖossess�siŐniĮcantůǇ�ŵoƌe�inteƌactions�aŵonŐ�
tŚe�ŵeŵbeƌ�Ɖƌoteins� tŚat�wŚat�can�be�eǆƉected� Ĩoƌ�a� ƌan-
doŵ�set�oĨ�Ɖƌoteins�oĨ�tŚe�identicaů�saŵƉůe�siǌe�and�deŐƌee�
distƌibution.�^ucŚ�enƌicŚŵent�can�be�taŬen�as�an�indication�
oĨ� tŚe�ŵeŵbeƌ�Ɖƌoteins�beinŐ�at� ůeast�ƉaƌtiaůůǇ�bioůoŐicaůůǇ�
connected.�tŚen�we�aƌƌanŐed�aůů�tŚe�downƌeŐuůated���'s�
in�decƌeasinŐ�oƌdeƌ�oĨ�node�deŐƌee͕�Ϯϵϴ�nodes�weƌe�Ĩound�
to�Śaǀe�a�nonͲǌeƌo�scoƌe͕�and�we�seůected�toƉ�ϱϬ�Őenes�witŚ�
a�node�deŐƌee�шϱϯ� ;dab.� ^ϭϬͿ� Ĩoƌ� ĨuƌtŚeƌ� ƌanŬinŐ�bǇ�diīeƌ-
ent� cǇto,ubba�ŵetŚods.� dŚen�we� ůooŬed� Ĩoƌ� Őenes�wŚicŚ�
aƉƉeaƌ� aŵonŐ� toƉͲϭϬ� ƌanŬed� candidates� bǇ� шϲ� cǇto,ubba�
ŵetŚods͕� and� ϭϬ� sucŚ� Őenes� ;dab.� ^ϭϭͿ� weƌe� identiĮed� as�
Ɖotentiaů�Śubs͕�wŚose�downƌeŐuůation�can�be�ŚǇƉotŚesiǌed�
to� aƩenuate� P. aeruginosa� ǀiƌuůence.� /nteƌaction� ŵaƉ� oĨ�
tŚese�ϭϬ�Ɖotentiaů�Śubs�;&iŐ.�ϲ�Ϳ�sŚowed�tŚeŵ�to�be�stƌonŐůǇ�
netwoƌŬed� as� tŚe� aǀeƌaŐe� node� deŐƌee� scoƌe� was� ϵ.� dŚis�
netwoƌŬ� Ɖossessed� ϰϱ� edŐes� as� aŐainst� eǆƉected� ;ϭϱͿ� Ĩoƌ�
anǇ� sucŚ� ƌandoŵ�set�oĨ�Ɖƌoteins.� dŚe�WW/�netwoƌŬ� sŚowed�
tŚese� ϭϬ� Őenes� to� be� distƌibuted� aŵonŐ� siǆ� diīeƌent� ůocaů�
netwoƌŬ� cůusteƌs͕� wŚose� stƌenŐtŚ� scoƌe� ƌanŐed� Ĩƌoŵ� ϭ.ϵϳ�
to�Ϯ.Ϯ�;&iŐ. ϲ�Ϳ.��oͲoccuƌƌence�anaůǇsis� ;dab.�ϯͿ�oĨ�tŚese�ϭϬ�
Śub�Ɖƌoteins� indicated� Ĩouƌ� ;rpsD͕� rpsJ͕�rpoA͕�rplFͿ�oĨ� tŚeŵ�
to�be�absent� Ĩƌoŵ�Śuŵans͕� and�Śence� tŚeǇ� can�be� said� to�
Ɖossess�ŚiŐŚ� taƌŐetabiůitǇ�witŚ� ƌesƉect� to�discoǀeƌǇ�oĨ�new�
antibiotics�satisĨǇinŐ�tŚe�cƌiteƌia�oĨ�seůectiǀe�toǆicitǇ.�^ince�aůů�
tŚe�ϭϬ�Ɖƌedicted�Śubs�aƌe�indicated�bǇ�coͲoccuƌƌence�anaůǇ-
sis�to�be�Ɖƌesent�in�otŚeƌ�iŵƉoƌtant�bacteƌiaů�ƉatŚoŐens�too͕�
antaŐonists�oĨ�tŚese�Ɖƌoteins�aƌe�ůiŬeůǇ�to�be�useĨuů�as�bƌoadͲ
sƉectƌuŵ�antibiotics.�

Target validation through RT-PCR
&ƌoŵ�tŚe�ϭϬ�identiĮed�Śubs�aŵonŐ�tŚe�downƌeŐuůated�

Őenes͕�we�seůected�Įǀe� ;rpoA͕�tig͕�rpsB͕�rpsL͕�rpsJͿ� Ĩoƌ� Ĩuƌ-
tŚeƌ�ǀaůidation�tŚƌouŐŚ�ZdͲW�Z.�&ƌoŵ�tŚe�ϭϬ�Őenes�sŚown�
in� &iŐuƌe�ϲ�͕� Ĩouƌ� ;rpoA͕� rpsB͕� rpsL͕� rpsJͿ� ƉassinŐ� tŚe�duaů�
cƌiteƌia� oĨ� node� deŐƌee� шϳϬ� ;dab.� ^ϭϬͿ� and� been� Ɖaƌt� oĨ�
шϯ� cůusteƌs� weƌe� seůected� Ĩoƌ� ZdͲW�Z.� dŚouŐŚ� rpsD� ;node�
deŐƌee� ϳϬͿ� aůso� Ɖassed� tŚese� duaů� cƌiteƌia͕� since� aůƌeadǇ�
three rps� Őenes�weƌe�seůected� Ĩoƌ�W�Z͕�we�ƉƌeĨeƌƌed� rpoA
;node�deŐƌee�ϳϱͿ�oǀeƌ�it.��dditionaůůǇ͕�we�incůuded�one�Őene�
;tig͖�ϯ.ϳϯͲĨoůdљ͖�node�deŐƌee�ϳϬͿ�Ĩoƌ�W�Z�ǀaůidation͕�tŚouŐŚ�
it�was�not�aŵonŐ�tŚe�identiĮed�Śubs͕�because�tig is a trig-
Őeƌ�Ĩactoƌ�inǀoůǀed�in�Ɖƌotein�eǆƉoƌt͕�and�we�did�obseƌǀe�a�
ŚeaǀǇ�incƌease�in�eǆtƌaceůůuůaƌ�Ɖƌotein�content�in��nteƌoƉanͲ
eǆƉosed�P. aeruginosa. W�Z�did�conĮƌŵ�downƌeŐuůation�oĨ�
aůů�tŚe�seůected�Įǀe�Őenes�in��nteƌoƉanͲeǆƉosed�P. aerugi­
nosa ;&iŐ.�ϳͿ͕�and�tŚus�tŚeǇ�can�be�consideƌed�as�Ɖotentiaů�
antibacteƌiaů�taƌŐets�woƌtŚǇ�oĨ�aƩention�bǇ�dƌuŐ�discoǀeƌǇ�
ƉƌoŐƌaŵŵes.�

Conclusion
dŚe�ƉoůǇŚeƌbaů�Ĩoƌŵuůation��nteƌoƉan�was�Ĩound�to�Śaǀe�

ǀiƌuůenceͲaƩenuatinŐ� eīect� aŐainst� an� iŵƉoƌtant� ŐƌaŵͲ
neŐatiǀe�bacteƌiaů�ƉatŚoŐen�P. aeruginosa͕�witŚout�aīectinŐ�

its�ŐƌowtŚ�ŚeaǀiůǇ.��s�can�be�eǆƉected�Ĩƌoŵ�anǇ�ŵuůticoŵƉo-
nent�ƉoůǇŚeƌbaů� Ĩoƌŵuůation͕��nteƌoƉan�aůso�eǆeƌted�ŵuůti-
ƉůicitǇ�oĨ�taƌŐets�aŐainst�tŚe�test�ƉatŚoŐen.���ůaƌŐe�Ĩƌaction�oĨ�
tŚe�bacteƌiaů�Őenoŵe�was�eǆƉƌessed�diīeƌentůǇ�undeƌ�inŇu-
ence�oĨ�tŚis�antiͲƉatŚoŐenic�Ĩoƌŵuůation͕�wŚicŚ�coƌƌoboƌated�
weůů� witŚ� tŚe� aůteƌed� ƉŚenotǇƉic� tƌaits� in� eǆtƌactͲeǆƉosed�
bacteƌiaů� cuůtuƌe.� Daũoƌ� ŵecŚanisŵs� ƌeǀeaůed� ǀaƌious� in 
vitro / in vivo�assaǇs�and�tƌanscƌiƉtoŵe�anaůǇsis through w hic h 
�nteƌoƉan� eǆeƌted� its� antiͲǀiƌuůence� actiǀitǇ�weƌe� Ĩound� to�
be� ŐeneƌatinŐ� nitƌosatiǀe� stƌess͕� oǆidatiǀe� stƌess͕� Ƌuoƌuŵ�
ŵoduůation͕�distuƌbance�oĨ�Ɖƌotein�Śoŵeostasis͕�and�ŵetaů�
Śoŵeostasis.���wŚoůistic�suŵŵaƌǇ�deƉictinŐ� tŚe�ŵecŚanis-
tic� detaiůs� associated�witŚ� tŚe� antiͲƉatŚoŐenic� Ɖotentiaů� oĨ�
�nteƌoƉan�aŐainst�P. aeruginosa�is�Ɖƌesented�in�&iŐuƌe�ϴ͕�witŚ�
Ɖaƌticuůaƌ�aƩention�on��nteƌoƉan s͛�eīect�on�Y^�ŵacŚineƌǇ�
and� ǀiƌuůence� ƌeŐuůatoƌs� oĨ� tŚis� notoƌious� ƉatŚoŐen.� Kuƌ�
ƌesuůts�ǀaůidate� tŚe�antiͲƉatŚoŐenic�Ɖotentiaů�oĨ��nteƌoƉan͕�
and�aůso� tŚe�conceƉt�oĨ�ƉoůǇŚeƌbaůisŵ�and� its� ƌeůeǀance� in�
coŵbatinŐ�antiŵicƌobiaů�ƌesistance.

Acknowledgements
dŚe� autŚoƌs� tŚanŬ� Eiƌŵa� �ducation� and� ZeseaƌcŚ�

&oundation�;E�Z&Ϳ͕��Śŵedabad͕�Ĩoƌ�inĨƌastƌuctuƌaů�suƉƉoƌt͖�
siƌuƉaŬsŚi�^oƉƉina�;//dͲ'nͿ�Ĩoƌ�ƉƌoǀidinŐ�woƌŵs.�^W�and�''�
acŬnowůedŐe� ĨeůůowsŚiƉ� Ĩƌoŵ� 'uũaƌat� Őoǀeƌnŵent� undeƌ�
tŚeiƌ� ^,K�,� scŚeŵe.� Ed� acŬnowůedŐes� ĨeůůowsŚiƉ� Ĩƌoŵ�
Eiƌŵa�hniǀeƌsitǇ.

Disclosures
Conflict of interest:�,^W͕ �is�inǀoůǀed�in�ŵanuĨactuƌinŐ�and�ŵaƌŬetinŐ�
oĨ�tŚe�Ĩoƌŵuůation��nteƌoƉanΠ͖�Śoweǀeƌ͕ �tŚat�in�no�waǇ�Śas�aīected�
tŚe�desiŐn�oĨ�eǆƉeƌiŵents�oƌ�inteƌƉƌetation�oĨ�ƌesuůts.�KtŚeƌ�autŚoƌs�
decůaƌe�no�coŵƉetinŐ�inteƌest.

Financial support:�dŚis�studǇ�did�not�ƌeceiǀe�anǇ�eǆtƌaŵuƌaů�Įnan-
ciaů�suƉƉoƌt.�

Data availability statement:��ůů�tŚe�ƌeůeǀant�data�Śas�been�incůuded�
in�tŚe�ŵain�ŵanuscƌiƉt�and�suƉƉůeŵentaƌǇ�Įůes.

FIGURE 7 - �onĨiƌŵation�oĨ�diĨĨeƌentiaů� eǆƉƌession�oĨ� seůected�
Őenes� in� �nteƌoƉanͲtƌeated� Pseudomonas aeruginosa throu-
ŐŚ�ƌeaůͲtiŵe�ƉoůǇŵeƌase�cŚain�ƌeaction�;ZdͲW�ZͿ. recJ� seůected�
as�an�endoŐenous�contƌoů�was�not�eǆƉƌessed�diĨĨeƌentůǇ� ;Ĩaůse�
discoǀeƌǇ� ƌate� ϭͿ� between� contƌoů� and� eǆƉeƌiŵentaů� bacteƌiaů�
cuůtuƌes.�ΎΎΎƉ�ч�Ϭ.ϬϬϭ.
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FIGURE 8 - >aƌŐeͲscaůe�distuƌbance�oĨ�tƌanscƌiƉtionaů�ƌeŐuůation�in�Pseudomonas aeruginosa�caused�bǇ��nteƌoƉan�coŵƉƌoŵises�its�oǀeƌaůů�
ceůůuůaƌ�Śoŵeostasis�and�ǀiƌuůence. dŚis�ĮŐuƌe�Ɖƌesents�a�wŚoůistic�suŵŵaƌǇ�oĨ�ŵuůtiƉůe�eīects�eǆeƌted�bǇ��nteƌoƉan�aŐainst�P. aeruginosa.
saƌious�ceůůuůaƌ͕ �ƉŚǇsioůoŐicaů͕�and�ǀiƌuůenceͲassociated�tƌaits�oĨ�P. aeruginosa eǆƉƌessed�diīeƌentůǇ�undeƌ�tŚe�inŇuence�oĨ��nteƌoƉan�aƌe�
deƉicted.�dŚe�Őenes�sŚown�witŚ�an�uƉ�oƌ�down�aƌƌow�aƌe�tŚose�ŐeƫnŐ�diīeƌentiaůůǇ�eǆƉƌessed�witŚ�a�ůoŐ�Ĩoůd�cŚanŐe�oĨ�шϭ.ϱ�and�Ĩaůse�
discoǀeƌǇ�ƌate�;&�ZͿ�чϬ.Ϭϱ.�dŚe�Gac/Rsm pathway�inǀeƌseůǇ�ƌeŐuůates�tŚe�eǆƉƌession�oĨ�ǀiƌuůence�Ĩactoƌs�;T3SS͕�Tfp͕�eǆoƉoůǇsaccŚaƌidesͿ�
associated�witŚ�acute�and�cŚƌonic�disease�;ϱϬͿ.�T2SS�is�ƌesƉonsibůe�Ĩoƌ�secƌetinŐ�ŵanǇ�secƌetoƌǇ�Ɖƌoteins�ůiŬe�aůŬaůine�ƉŚosƉŚatase͕�ůiƉase͕�
eǆotoǆin��͕�ƉŚosƉŚoůiƉase͕�and�Ɖƌoteases.�T3SS is�ůaƌŐeůǇ�inǀoůǀed�in�secƌetion�oĨ�ǀiƌuůence�deteƌŵinants�associated�witŚ�acute�inĨection.�
Vfr is�a�Őůobaů�ƌeŐuůatoƌ�oĨ�ǀiƌuůence�Őene�eǆƉƌession͕�wŚicŚ�aůůows�cooƌdinated�Ɖƌoduction�oĨ�ƌeůated�ǀiƌuůence�Ĩunctions�;Tfp͕�T3SS )  nec es-
saƌǇ�Ĩoƌ�adŚeƌence�to�an�intoǆication�oĨ�Śost�ceůůs.�LasR is�a�tƌanscƌiƉtionaů�actiǀatoƌ�oĨ�ŵuůtiƉůe�ǀiƌuůenceͲassociated�Őenes�in�P. aeruginosa. 
/t�ƌeƉƌesents�a�centƌaů�cŚecŬƉoint͕�witŚ�tŚe�ŚiŐŚest�deŐƌee�oĨ� inteƌconnection�in�tŚe�netwoƌŬ.�RpoS͕�tŚe�stationaƌǇ�ƉŚase�siŐŵa�Ĩactoƌ͕ �
inŇuences�tŚe�eǆƉƌession�oĨ�ŵoƌe�tŚan�oneͲtŚiƌd�oĨ�aůů�tŚe�ƋuoƌuŵͲƌeŐuůated�Őenes.�/t� is�a�centƌaů�ƌeŐuůatoƌ�oĨ�ŵanǇ�stationaƌǇ�ƉŚaseͲ
inducibůe�Őenes�and�a�ŵasteƌ�stƌessͲƌesƉonse�ƌeŐuůatoƌ�undeƌ�a�ǀaƌietǇ�oĨ�stƌess�conditions�;ϱϭͿ.�Tfp͕�a�ŵaũoƌ�suƌĨace�adŚesin͕�ŵecŚano-
cŚeŵicaůůǇ�ƌeŐuůates�ǀiƌuůence�Ĩactoƌs�in�P. aeruginosa ;ϱϮͿ. The Rhl�sǇsteŵ�is�a�Ƌuoƌuŵ�sensinŐ�sǇsteŵ�acƋuiƌed�bǇ�P. aeruginosa through 
ůateƌaů�Őene�tƌansĨeƌ.�PQS is�an�essentiaů�ŵediatoƌ�oĨ�tŚe�sŚaƉinŐ�oĨ�tŚe�ƉoƉuůation�stƌuctuƌe�oĨ P. aeruginosa and�oĨ�its�ƌesƉonse�to�and�
suƌǀiǀaů�in�stƌess�conditions. a;ϱϯͿ͖�b ;ϰϰͿ͖� c ;ϱϰͿ͖� d ;ϱϱͿ͖�e;ϱϲͿ͖�Ĩ;ϱϳͿ͖�g;ϱϴͿ͖�h;ϱϵͿ͖�i;ϲϬͿ͕�ũ;ϲϭ͕�ϲϮͿ͕�Ŭ;ϲϯͿ͖�ů;ϲϰͿ.
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Enhancement of apoptosis in Caco-2, Hep-G2, and 
HT29 cancer cell lines following exposure to 
Toxoplasma gondii peptides 
Firooz Shahrivar 1, Javid Sadraei 1, Majid Pirestani 1, Ehsan Ahmadpour 2,3
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2/ŵŵunoůoŐǇ�ZeseaƌcŚ��enteƌ͕ �dabƌiǌ�hniǀeƌsitǇ�oĨ�Dedicaů�^ciences͕�dabƌiǌ�Ͳ�/ƌan
3/nĨectious�and�dƌoƉicaů��iseases�ZeseaƌcŚ��enteƌ͕ �dabƌiǌ�hniǀeƌsitǇ�oĨ�Dedicaů�^ciences͕�dabƌiǌ�Ͳ�/ƌan�

ABSTRACT
Objective: �anceƌ�oƌ�neoƉůasŵ� is�a�cosŵoƉoůitan�catastƌoƉŚe�tŚat� ƌesuůts� in�ŵoƌe�tŚan�ϮϬ�ŵiůůion�new�cases�
and�ϭϬ�ŵiůůion�deatŚs�eǀeƌǇ�Ǉeaƌ.�^oŵe�Ĩactoƌs�ůead�to�caƌcinoŐenesis�ůiŬe�inĨectious�diseases.�Waƌasites�ůiŬe�Toxo-
plasma gondii͕�bǇ�its�coŵƉonents͕�couůd�ŵoduůate�tŚe�canceƌ�sǇsteŵ�bǇ�inducinŐ�aƉoƉtosis.�dŚe�obũectiǀe�oĨ�tŚis�
inǀestiŐation�is�to�assess�tŚe�Ɖotentiaů�oĨ�ƉeƉtides�deƌiǀed�Ĩƌoŵ�T.  gondii�in�coŵbatinŐ�canceƌ�bǇ�eǆaŵininŐ�tŚeiƌ�
eīects�on��acoͲϮ͕�,eƉͲ'Ϯ͕�and�,dϮϵ�ceůů�ůines.�
Materials and methods: �andidate�ƉeƉtide�bǇ�its�siŵiůaƌitǇ�to�anticanceƌ�coŵƉounds�was�Ɖƌedicted�tŚƌouŐŚ�tŚe�
coŵƉuteƌͲbased�anaůǇsis/Ɖůaƞoƌŵ.�dŚe�iŵƉact�oĨ�tŚe�ƉeƉtide�on�ceůů�ǀiabiůitǇ͕ �ceůů�ƉƌoůiĨeƌation͕�and�Őene�eǆƉƌes-
sion�was�eǀaůuated�tŚƌouŐŚ�tŚe�utiůiǌation�oĨ�Ddd�assaǇ͕ �Ňow�cǇtoŵetƌǇ͕ �and�ƌeaůͲtiŵe�ƉoůǇŵeƌase�cŚain�ƌeaction�
;W�ZͿ�ŵetŚodoůoŐies.
Results: dŚe� ceůů� ǀiabiůitǇ� ƌate� eǆŚibited� a� siŐniĮcant� decƌease� ;Ɖ� ф� Ϭ.ϬϬϭͿ� acƌoss� aůů� ceůů� ůines�wŚen� eǆƉosed�
to�a�concentƌation�oĨ�чϭϲϬ�ʅŐ.�titŚin�tŚe�ϰϴͲŚouƌ�tiŵeĨƌaŵe͕�tŚe�ŚaůĨ�ŵaǆiŵaů�inŚibitoƌǇ�concentƌation�;/� 5 0)  
Ĩoƌ�,dϮϵ�and�,eƉͲ'Ϯ�ceůů�ůines�was�deteƌŵined�to�be�ϭϬϳ.Ϯ�and�ϭϰϬ.ϲ�ʅŐ/ŵ>͕�ƌesƉectiǀeůǇ.�EotabůǇ͕ �a�ŵaƌŬed�
decƌease�in�tŚe�eǆƉƌession�ůeǀeůs�oĨ� B c l2  and  A P A F 1 �Őenes�was�obseƌǀed�in�botŚ�tŚe�,eƉͲ'Ϯ�and�,dϮϵ�ceůů�ůines.�
Conclusion: dŚese�ĮndinŐs�indicate�tŚat�tŚe�T.  gondii�ƉeƉtide�aīected�canceƌ�ceůů�ŵoƌtaůitǇ�and�ůed�to�cŚanŐes�in�
tŚe�eǆƉƌession�oĨ�Őenes�associated�witŚ�aƉoƉtosis.
Keywords: �nticanceƌ͕ �EeoƉůasŵ͕�Waƌasite͕�WeƉtides͕�ZeaůͲtiŵe�W�Z͕�doǆoƉůasŵosis
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ƉŚase͕�and�;iiiͿ�sƉoƌoǌoites͕�wŚicŚ�aƌe�distinctiǀe�oĨ�tŚe�seǆ-
uaů�staŐe�in�Ĩeůids�and�Ĩound�in�oocǇsts�in�Ĩeůine�Ĩeces�;ϯͿ.�

saƌious�ƉatŚwaǇs�Śaǀe�been�ƌeƉoƌted�Ĩoƌ�tŚe�inĨection�oĨ�
inteƌŵediate�Śosts͗�inŐestion�oĨ�oocǇstsͲcontaŵinated�Ĩƌuits͕�
ǀeŐetabůes͕�oƌ�wateƌ͕ �consuŵƉtion�oĨ�ƌaw�oƌ�uncooŬed�ŵeat�
containinŐ�tissue�cǇsts͕�conŐenitaů�tƌansŵission͕�bůood�tƌans-
Ĩusion͕� and� oƌŐan� tƌansƉůantation.� �ůtŚouŐŚ� tƌansŵission�
tŚƌouŐŚ�tŚe�inŐestion�oĨ�nonͲƉasteuƌiǌed�ŵiůŬ�oƌ�ŵiůŬ�Ɖƌod-
ucts�Śas�been�docuŵented͕�it�is�not�coŵŵon�;ϰͿ.�/t�is�obǀious�
tŚat�Ĩeůines�as�deĮnitiǀe�Śosts�can�becoŵe�inĨected�tŚƌouŐŚ�
caƌniǀoƌous�beŚaǀioƌ�oƌ�inŐestion�oĨ�sƉoƌuůated�oocǇsts�;ϱͿ.

�anceƌ�is�ƌeĨeƌƌed�as�a�coŵƉosite�oĨ�diseases�acƋuiƌed�bǇ�
tŚe�deǀeůoƉŵent�oĨ�neoƉůastic�ceůůs�;ϲͿ.�/t�contƌibutes�sǇŵƉ-
toŵs�ůiŬe�eůudinŐ�ŐƌowtŚ�suƉƉƌessoƌs͕�eŵƉoweƌinŐ�ƉƌoůiĨeƌa-
tiǀe�siŐnaůinŐ͕�witŚstandinŐ�ceůů�deatŚ͕�ƉƌoŵotinŐ�tŚe�abiůitǇ�
to� ƌeƉůicate� indeĮniteůǇ͕ � actiǀatinŐ� anŐioŐenesis͕� ƉƌoŵƉtinŐ�
inǀasion�and�ŵetastasis͕�Őenoŵe�ǀuůneƌabiůitǇ͕ �ƌeconstƌuctinŐ�
eneƌŐǇ�ŵetaboůisŵ͕�and�eǀadinŐ�destƌuction�bǇ�tŚe�iŵŵune�
sǇsteŵ�as�weůů�;ϳͿ.�dŚeƌe�aƌe�ŵoƌe�tŚan�ϮϬ�ŵiůůion�newůǇ�diaŐ-
nosed� cases�oĨ� canceƌ�and�aůŵost�ϭϬ�ŵiůůion�deatŚs�aƩƌib-
uted� to� tŚis� disease� eǀeƌǇ� Ǉeaƌ� ;ϴͿ.�DuůtiƉůe� Ĩactoƌs� ƉůaǇ� a�

Introduction

Toxoplasma gondii� is� tŚe� ŵost� widesƉƌead� Ɖƌotoǌoan�
Ɖaƌasite� tŚat�Őained� its� ƌeƉutation�bǇ� seƌoƉositiǀe�anaůǇsis.�
/t� Śas� been� Ĩound� tŚat�ŵoƌe� tŚan� ϯϬйͲϱϬй�oĨ� tŚe�woƌůd s͛�
ƉoƉuůation� is�Ɖositiǀe� Ĩoƌ�T.  gondii� ;ϭͿ.� &eůids� aƌe� Ŭnown� to�
be�tŚe�deĮnitiǀe�Śost�in�wŚicŚ�tŚe�seǆuaů�staŐe�taŬes�Ɖůace.�
deƌƌestƌiaů�and�aƋuatic�ŵaŵŵaůs�as�weůů�as�biƌds�act�as�inteƌ-
ŵediate�Śosts�duƌinŐ�tŚe�aseǆuaů�staŐe�;ϮͿ.�

dŚƌee�deǀeůoƉŵentaů� staŐes�Śaǀe�been�distinŐuisŚed� to�
inĨect� tŚe� ceůů͗� ;iͿ� tacŚǇǌoite͕� wŚicŚ� ƌaƉidůǇ� ŵuůtiƉůies� and�
occuƌs� in�tŚe�acute�ƉŚase�oĨ�tŚe�inĨection͕�;iiͿ�bƌadǇǌoite͕�a�
Ĩoƌŵ� oĨ� sůow� ŵuůtiƉůication� tŚat� cŚaƌacteƌiǌes� tŚe� cŚƌonic�
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Ɖiǀotaů�ƌoůe�in�causinŐ�caƌcinoŐenesis�ůiŬe�ůiĨestǇůe͕�Őenes͕�and�
tŚe�ŵicƌoenǀiƌonŵent.�Doƌeoǀeƌ͕ �it�is�wideůǇ�ƌecoŐniǌed�tŚat�
inĨectious�diseases�ƉůaǇ�a�siŐniĮcant�ƌoůe�in�tŚe�deǀeůoƉŵent�
oĨ�ǀaƌious� tǇƉes�oĨ�canceƌs.�dŚese�diseases�aƌe� ƌesƉonsibůe�
Ĩoƌ�aƉƉƌoǆiŵateůǇ�ϮϱйͲϱϬй�oĨ�aůů�canceƌ�cases�;ϵͿ.�EotabůǇ͕ �
ǀiƌaů� inĨections�sucŚ�as�papilloma v ir u s�Śaǀe�been� ůinŬed�to�
ceƌǀicaů� canceƌ͕ � wŚiůe� bacteƌiaů� inĨections� ůiŬe� H e lic ob ac t e r  
py lor i�Śaǀe�been�associated�witŚ�Őastƌic�canceƌ.��dditionaůůǇ͕ �
Ɖaƌasitic� inĨections͕� incůudinŐ� S c h ist osoma h ae mat ob iu m͕�
Śaǀe�been�Ĩound�to�be�connected�to�uƌinaƌǇ�bůaddeƌ�canceƌ.�
dŚe�stƌonŐ�coƌƌeůation�between�inĨectious�diseases�and�can-
ceƌ�undeƌscoƌes�tŚe�iŵƉoƌtance�oĨ�Ɖƌeǀentiǀe�ŵeasuƌes�and�
eaƌůǇ�detection�in�ƌeducinŐ�tŚe�buƌden�oĨ�tŚese�ŵaůiŐnancies.�
/n�tŚis�waǇ͕ �soŵe�Ɖaƌasites�act�as�tŚe�induceƌs�oƌ�Ɖƌoŵoteƌs�
oĨ�tŚe�canceƌs�and�otŚeƌs�inŚibit�tŚe�Ĩactoƌs�tŚat�couůd�ŵodu-
ůate� tuŵoƌiŐenesis.�^o� Ĩaƌ͕ � inǀestiŐations�sŚow�tŚat�coŵƉo-
nents�oĨ� Ɖaƌasites� aƌe� abůe� to�ŵoduůate� tŚe� canceƌ� sǇsteŵ�
bǇ�inducinŐ�aƉoƉtosis�;ϭϬͿ.�^tudies�Śaǀe�sŚown�tŚat�T.  gondii
is�abůe�to�bƌeaŬ�tuŵoƌ�iŵŵune�toůeƌance�and�aƌouse�Ɖotent�
��ϴн�dͲceůů�iŵŵunitǇ�;ϭϭͿ.�/n�tŚe�cuƌƌent�studǇ͕ �tŚe�eīect�oĨ�
T.  gondiiͲsǇntŚesiǌed� eǆcƌetoƌǇͲsecƌetoƌǇ� coŵƉound� in� ceůů�
ŐƌowtŚ�Ĩactoƌs�and�inducinŐ�aƉoƉtosis�was�inǀestiŐated.�

Materials and methods
Synthesis of peptide 

Kut� oĨ� tŚe� acŬnowůedŐed� Ɖƌoteoŵes� oĨ� T.  gondii
eǆcƌetoƌǇͲsecƌetoƌǇ� antiŐens͕� tŚe� Y>���s^�s�^ssY���
aŵino�acid�seƋuence�beůonŐinŐ�to�Ɖaƌt�'Z�ϭ�was�seůected.�
/t� is�notewoƌtŚǇ� tŚat� tŚis� seƋuence�Śas� tŚe�ŵost�siŵiůaƌ-
itǇ� to� tŚe�otŚeƌ�anticanceƌ�aŐents� ;уϵϭйͿ�bǇ� tŚe�anaůǇsis�
done�in�association�witŚ�tŚe�anticanceƌ�ƉeƉtide�database͗�
�anceƌWW�� site� ;KnůineͿ.� &oůůowinŐ� anaůǇsis� oĨ� tŚe� noŵi-
nated�seƋuence�and�conĨiƌŵation�oĨ�its�anticanceƌ�Ɖoten-
tiaů͕� �ůab^cience� was� ƉƌoƉosed� Ĩoƌ� ƉeƉtide� sǇntŚesis�
;hnited�^tates͕�>ot�Eo͗�z�/'zϵZ,h�Ϳ�witŚ�a�ƉuƌitǇ�oĨ�oǀeƌ�
ϵϳ.ϱй�and�a�ŵoůecuůaƌ�weiŐŚt�oĨ�Ϯ͕ϰϮϱ.ϱ.��s�Ɖeƌ�tŚe�Őuide-
ůines�Ɖƌoǀided�bǇ�tŚe�ŵanuĨactuƌeƌ͕ �bǇ�aƉƉůǇinŐ�uůtƌaͲƉuƌe�
wateƌ͕ � tŚe� sǇntŚesiǌed� ƉeƉtide� undeƌwent� diůution� and�
was� subseƋuentůǇ� ƉƌeƉaƌed� in� ǀaƌious� concentƌations� to�
eǀaůuate�ceůů�ǀiabiůitǇ�and�ƉeƌĨoƌŵ�ŵoůecuůaƌ�assaǇs.

Anticancer assays in vitro
Cell culture and treatments

dŚe� /ƌanian� �ioůoŐicaů� Zesouƌce� �enteƌ� ;/�Z�Ϳ� Ɖƌoǀided�
tŚe��acoͲϮ͕�,eƉͲ'Ϯ͕� and�,dϮϵ� ceůů� ůines͕�wŚicŚ�aƌe�Śuŵan�
Őastƌic͕�coůon͕�and�ůiǀeƌ�canceƌ�ceůů�ůines͕�ƌesƉectiǀeůǇ.�dŚese�
ceůů� ůines� weƌe� cuůtuƌed� in� �uůbecco s͛� ŵodiĮed� �aŐůe s͛�
ŵediuŵ�;�D�DͿ/&ϭϮ͕�suƉƉůeŵented�witŚ�ϭϬй�Ĩetaů�boǀine�
seƌuŵ�;&�^͖�'ibco͕�dŚeƌŵo�&isŚeƌ�^cientiĮcͿ�and�Ϯ�ŵŵoů/>�
>ͲŐůutaŵine�;�io�/dea��o͕�/ƌanͿ.�dŚe�ŐƌowtŚ�ŵediuŵ�Ĩoƌ�aůů�ceůů�
ůines�consisted�oĨ��D�D/&ϭϮ�suƉƉůeŵented�witŚ�'ůutaD�y͕�
Ea,�K3͕� and� ϭϱ�ŵD�,�W�^.� do� ensuƌe� oƉtiŵaů� conditions�
Ĩoƌ� ceůů� ŐƌowtŚ͕� tŚe� ceůůs�weƌe� incubated� at� a� teŵƉeƌatuƌe�
oĨ�ϯϳΣ��in�a�ŚuŵidiĮed�atŵosƉŚeƌe�consistinŐ�oĨ�ϱй�caƌbon�
dioǆide�;ϭϮͿ.

MTT assay for cell viability detection

�Ōeƌ� acŚieǀinŐ� a� conŇuence� oĨ� ϵϬй͕� tŚe� ceůůs� weƌe�
seeded�into�tŚe�weůůs�usinŐ�ŵicƌoscoƉic�countinŐ�aŌeƌ�beinŐ�
stained� witŚ� tƌǇƉan� bůue.� Ddd� assaǇ� was� adŵinisteƌed� in�
ϵϲͲweůů�cuůtuƌe�Ɖůates�Ĩoƌ�ceůů�ǀiabiůitǇ.��acŚ�weůů�was�seeded�
witŚ�aƉƉƌoǆiŵateůǇ�Ϯ�п�ϭϬ4�ceůůs�in�ϮϬϬ�ʅ>�oĨ��D�D�ŵediuŵ.�
dŚe� Ɖůates� weƌe� tŚen� incubated� at� ϯϳΣ�� and� ϱй� �K2� Ĩoƌ�
Ϯϰ Śouƌs�to�ensuƌe�ƉƌoƉeƌ�adŚeƌence�oĨ�tŚe�ceůůs�to�tŚe�weůůs�
oĨ� tŚe�Ɖůate.�^ubseƋuentůǇ͕ �,eƉͲ'Ϯ͕�,dϮϵ͕�and��acoͲϮ�ceůůs�
weƌe�eǆƉosed�to�eůeǀatinŐ�concentƌations�oĨ�T.  gondii�ƉeƉtide�
;ϰϬ͕�ϴϬ͕�and�ϭϲϬ�ʅŐ/ŵ>Ϳ�and�incubated�Ĩoƌ�Ϯϰ�and�ϰϴ�Śouƌs�
in� tŚe� ϵϲͲweůů� cuůtuƌe� Ɖůates.� dŚe� ŐƌowtŚ� oĨ� tŚe� ceůůs� was�
assessed� based� on� tŚe� actiǀitǇ� oĨ� ŵitocŚondƌiaů� enǌǇŵes�
deteƌŵined�in�tŚe�Ddd�assaǇ.

&oůůowinŐ�ϮϰͲ�and�ϰϴͲŚouƌ�eǆƉosuƌe�oĨ�ceůů�ůines�to�tŚe�ƉeƉ-
tides͕�ϮϬ�ʅ>�ǀoůuŵe�oĨ�ϱ�ʅŐ/ŵ>�Ddd�soůutions�weƌe�added�to�
tŚe�weůůs͕�and�tŚe�Ɖůates�weƌe�tŚen�incubated�at�ϯϳΣ��Ĩoƌ�an�
additionaů�ϰ�Śouƌs.�^ubseƋuentůǇ͕ �tŚe�weůůs�weƌe�eŵƉtied�and�
ϮϬϬ�ʅ>�oĨ�diŵetŚǇů�suůĨoǆide�;�D^KͿ�was�added�to�aůů�weůůs͖�in�
tŚis�sƉeciĮc�aƉƉƌoacŚ͕�ůiǀinŐ�ceůůs�contain�E��;WͿ,ͲdeƉendent�
oǆidoƌeductase�enǌǇŵes� tŚat� Ĩaciůitate� tŚe�conǀeƌsion�oĨ� tŚe�
Ddd� ƌeaŐent� into� Ĩoƌŵaǌan� cƌǇstaůůine� Ɖƌoduct͕� ůeadinŐ� to�
ƉuƌƉůe�coůoƌ.�dŚe�ŵoƌe�ǀiabůe�ceůůs�and�ŵetaboůic�actiǀitǇ͕ �tŚe�
ŵoƌe�intensitǇ�oĨ�ƉuƌƉůe�coůoƌ�;ϭϯͿ.�do�ŵeasuƌe�tŚe�oƉticaů�den-
sitǇ�;K�Ϳ�oĨ�tŚe�weůůs͕�a�ŵicƌoƉůate�sƉectƌoƉŚotoŵeteƌ�;�iodeŬͲ
�>yϴϬϬ͕�hnited�^tatesͿ�was�eŵƉůoǇed�at�ϱϳϬ�nŵ͕�botŚ�Ϯϰ�and�
ϰϴ�Śouƌs�aŌeƌ�eǆƉosuƌe.��acŚ�concentƌation�and�ceůů�ůines�weƌe�
subũected�to�tƌiƉůicate�eǆƉeƌiŵents�to�ensuƌe�tŚe�accuƌacǇ�and�
ƌeůiabiůitǇ�oĨ�tŚe�ƌesuůts.

Bcl2, APAF1 gene expression analysis 

dŚe�eǀaůuation�oĨ�Őene�eǆƉƌession�was�conducted�usinŐ�
tŚe� ^z�Z� ŐƌeenͲbased� Ƌuantitatiǀe� ƌeaůͲtiŵe� ƉoůǇŵeƌase�
cŚain� ƌeaction� ;W�ZͿ� tecŚniƋue.� /n� oƌdeƌ� to� ŵeasuƌe� tŚe�
ŵessenŐeƌ�ƌibonucůeic�acid�;ŵZE�Ϳ�eǆƉƌession�oĨ�tŚe� B c l2
and  A P A F 1 � Őenes͕� tŚe� Őenoŵic� content� ;totaů� ZE�Ϳ� was�
eǆtƌacted� Ĩƌoŵ�aůů� cuůtuƌed�ceůů� ůines.�Y/�ǌoů�ZE�� ;YiaŐen͕�
hnited� ^tatesͿ�was�utiůiǌed� Ĩoƌ� tŚis� ƉuƌƉose͕� ĨoůůowinŐ� tŚe�
ŵanuĨactuƌeƌ͛s�Ɖƌotocoů.�dŚe�nanodƌoƉ�sƉectƌoƉŚotoŵeteƌ�
;dŚeƌŵo� ^cientiĮcΡ�Eano�ƌoƉ� ϮϬϬϬc� sƉectƌoƉŚotoŵeteƌͿ�
was� used� to� eǀaůuate� tŚe� ƋuantitǇ͕� ƋuaůitǇ͕� and� oƉtiŵaů�
concentƌation�oĨ�tŚe�coůůected�ZE�s�at�a�ϮϲϬ/ϮϴϬ nŵ�ƌatio.�
&oůůowinŐ� tŚis͕� tŚe� ZE�s� weƌe� tƌansĨoƌŵed� into� coŵƉůe-
ŵentaƌǇ� deoǆǇƌibonucůeic� acid� ;c�E�Ϳ� bǇ� ƌeǀeƌse� tƌan-
scƌiƉtion͕� utiůiǌinŐ� ZdͲsƉeciĮc� Ɖƌiŵeƌs� and� ŐůǇceƌaůdeŚǇde�
ϯͲƉŚosƉŚate�deŚǇdƌoŐenase� ;'�W�,Ϳ�as� a� ƌeĨeƌence�Őene�
Ĩoƌ� data� noƌŵaůiǌation� ;dab.� ϭͿ.� �� >iŐŚt�ǇcůeƌΠ� ϵϲ� tŚeƌŵaů�
cǇcůeƌ� ;ZocŚe͕� 'eƌŵanǇͿ� was� used� to� conduct� ƌeaůͲtiŵe�
ƌeǀeƌse� tƌanscƌiƉtion� ;ZdͿͲW�Z.� titŚin� eacŚ� ƌeaction͕� a�
ϮϬ ʅ>�ŵiǆtuƌe�was�ƉƌeƉaƌed͕�containinŐ�ϴ ʅ>�oĨ�^z�Z�'ƌeen�
/�Dasteƌ�ŵiǆ͕�ϭ�ʅ>�oĨ�c�E��seƌǀinŐ�as�tŚe�teŵƉůate͕�ϴ�ʅ>�oĨ�
nucůeaseͲĨƌee�distiůůed�wateƌ͕ � and�ϭϬ�Ɖŵoů�oĨ�eacŚ�Ɖƌiŵeƌ.�
/n� tŚe�aŵƉůiĮcation�ƉƌoŐƌaŵ͕� tŚe� initiaů� denatuƌation� steƉ�
was�ƉeƌĨoƌŵed�at�a� teŵƉeƌatuƌe�oĨ�ϵϱΣ��Ĩoƌ�a�duƌation�oĨ�
ϴ�ŵinutes.� dŚis�was� Ĩoůůowed� bǇ� ϰϬͲϰϱ� cǇcůes� oĨ� denatuƌ-
ation�at�ϵϱΣ��Ĩoƌ�ϭϬ�seconds͕�anneaůinŐ�at�ϱϳͲϲϮΣ��Ĩoƌ�ϱ�sec-
onds͕�and�eǆtension�at�ϳϮΣ��Ĩoƌ�ϮϬ�seconds�;ϭϰ͕ϭϱͿ.

http://crdd.osdd.net/raghava/cancerppd/index.php
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Apoptosis analysis
�ƉoƉtosis� eǀaůuation�was� conducted� usinŐ� tŚe� �nneǆin�

s/W/� �ƉoƉtosis� detection� Ŭit� ;cat.� no.� �nǆ&ϭϬϬW/͕� DabdaŐ�
'ŵb,Ϳ�ĨoůůowinŐ�ƉeƉtide�tƌeatŵents.���ϲͲweůů�Ɖůate�was�uti-
ůiǌed͕�witŚ�eacŚ�weůů�containinŐ�a�ǀoůuŵe�oĨ�Ϯ.ϱ�ŵ>�ceůů�sus-
Ɖension�at�a�densitǇ�oĨ�ϯ�п�ϭϬ 5 �ceůůs/ŵ>.�&oůůowinŐ�ϮϰͲŚouƌ�
cuůtuƌes�oĨ�aůů�tŚƌee�Ŭinds�oĨ�ceůůs�in�ϮϬϬ�ʅD�oĨ�tŚe�ƉeƉtide͕�
in� accoƌdance�witŚ� tŚe�Ɖƌoceduƌes�outůined� in� tŚe�Ɖƌeced-
inŐ�section͕�tŚe�ceůůs�undeƌwent�tŚe�sƉeciĮed�tƌeatŵent.�dŚe�
neŐatiǀe� contƌoů� ŐƌouƉ� ƌeceiǀed� an� eƋuiǀaůent� aŵount� oĨ�
ƉŚosƉŚateͲbuīeƌed�saůine�;W�^Ϳ.��Ōeƌ�tŚe�incubation�Ɖeƌiod͕�
tŚe�ceůůs�weƌe�coůůected�and�undeƌwent�two�ƌounds�oĨ�wasŚ-
inŐ�witŚ�coůd�W�^�at�a�Ɖ,�oĨ�ϳ.ϰ.�^ubseƋuentůǇ͕ �tŚe�ceůůs�weƌe�
susƉended�in�anneǆinͲbindinŐ�buīeƌ�and�eǆƉosed�to�ϱ�ʅ>�oĨ�
Ňuoƌescein�isotŚiocǇanate�;&/d�ͿͲ�nneǆin�s�and�ϱ�ʅ>�oĨ�ƉƌoƉ-
idiuŵ� iodide� ;W/Ϳ.� dŚe� saŵƉůes�weƌe� tŚoƌouŐŚůǇ�ŵiǆed�and�
incubated�in�daƌŬness�at�a�teŵƉeƌatuƌe�oĨ�ϮϱΣ��Ĩoƌ�a�duƌation�
oĨ�ϭϱ�ŵinutes.�dŚe�stained�ceůůs�weƌe�tŚen�anaůǇǌed�usinŐ�a�
^Ǉsŵeǆ��Ǉ&ůow�̂ Ɖace�Ňow�cǇtoŵeteƌ.�dŚe�Ňuoƌescence�eŵit-
ted�bǇ�tŚe�ceůůs�was�ŵeasuƌed�at�waǀeůenŐtŚs�oĨ�ϰϵϱ�and�ϱϭϵ�
nŵ�ĨoůůowinŐ�eǆcitation�at�ϰϴϴ�nŵ�;ϭϲͿ.

Statistical analysis

/n� tŚe� cuƌƌent� inǀestiŐation͕� aůů� eǆƉeƌiŵents� weƌe�
ƌeƉeated� in� tƌiƉůicate.� ^tatisticaů� anaůǇsis� was� conducted�
to�coŵƉaƌe�and�eǀaůuate�tŚe�tƌeated�ŐƌouƉs� in�ƌeůation�to�
botŚ� eacŚ� otŚeƌ� and� tŚe� contƌoů� ŐƌouƉ.� dŚe� coŵƉaƌatiǀe�
�t�;ȴȴ�tͿ�ŵetŚod�was�eŵƉůoǇed�to�statisticaůůǇ�anaůǇǌe�tŚe�
data.� Wƌioƌ� to� anaůǇsis͕� tŚe� ƌeaůͲtiŵe� W�Z� ĮndinŐs� undeƌ-
went�ƉƌeƉƌocessinŐ.�^ubseƋuentůǇ͕�tŚe�eǆƉƌession�ůeǀeůs�oĨ�
seůected�Őenes�; B c l2 ͕� A P A F 1 Ϳ�aŵonŐ�tŚe�studǇ�ŐƌouƉs�weƌe�
eǀaůuated�usinŐ�<ƌusŬaůͲtaůůis�and�DannͲtŚitneǇ�hͲtests.�
��ƉͲǀaůue�фϬ.Ϭϱ�was�deeŵed� to�be� statisticaůůǇ� siŐniĮcant.�
�ůů�statisticaů�anaůǇses�weƌe�assessed�usinŐ�'ƌaƉŚWad�Wƌisŵ�
ǀ�ϲ.ϭ�soŌwaƌe.

Results
Mortality and proliferation alter under T. gondii
peptide impact in all cell lines 

/n� eacŚ� ceůů� ůine͕� tŚe� eīect� oĨ� ƉeƉtides�on� ceůů� ǀiabiůitǇ͕ �
ŵoƌtaůitǇ͕ �and�ƉƌoůiĨeƌation�was�eǆaŵined�at�Ϯϰ�and�ϰϴ�Śouƌs�
at� escaůatinŐ� concentƌations� ;&iŐ.� ϭͿ.� �� diƌect� coƌƌeůation�

TABLE 1 -�dŚe�seƋuence�oĨ�Ɖƌiŵeƌ�ƌuns�in�ƌeaůͲtiŵe�W�Z

Gene Seq (5′-3′) Annealing Ref

Bcl2 F: TCGCCCTGTGGATGACTGA 60 (14)

R: CAGAGACAGCCAGGAGAAATCA

APAF1 F: TTAGGAGCCAGGTGCGGT 58 (29)

R: GCTTGTCTTTCTTCCCATTTTTC

GAPDH F: ACGGATTTGGTCGTATTGGG 57 (30)

R: TGATTTTGGAGGGATCTCGC

was� discoǀeƌed� between� tŚe� ƌise� in� concentƌation� and� tŚe�
ƌise� in� ŵoƌtaůitǇ� and� inteƌƉƌeted� as� doseͲdeƉendent� ŵan-
neƌ� but� wasn͛t� tiŵe� deƉendent.� �t� concentƌations� oĨ� ϰϬ͕�
ϴϬ͕�and�ϭϲϬ�ʅŐ͕�tŚe�ceůů�ǀiabiůitǇ�ƌate�eǆŚibited�a�siŐniĮcant�
decƌease� acƌoss� aůů� ceůů� ůines.� �Ōeƌ� Ϯϰ� Śouƌs͕� tŚe� ceůů� ůines�
deŵonstƌated�tŚe�ŵost�siŐniĮcant�iŵƉact�wŚen�eǆƉosed�to�
concentƌations�oĨ�ϭϲϬ�ʅŐ�;Ɖ�ф�Ϭ.ϬϬϭͿ.�>iŬe�tŚe�eaƌůieƌ�ƉaƩeƌn͕�
aŌeƌ�ϰϴ�Śouƌs�oĨ�ƉeƉtide�eǆƉosuƌe͕�ceůů�ǀiabiůitǇ�decůined�at�
ϰϬ͕�ϴϬ͕�and�ϭϲϬ�ʅŐ�concentƌations� in�contƌast�to�accuŵuůa-
tiǀe� doses.� /n� �acoͲϮ� ceůůs͕� in� coŵƉaƌison�witŚ� tŚe� contƌoů�
ŐƌouƉ͕� a� siŐniĮcant� ŵoƌtaůitǇ� induction� was� eǆƉeƌienced�
in� tŚe� concentƌation� oĨ� ϭϲϬ� ʅŐ� ;Ɖ� ф� Ϭ.ϬϬϭͿ.� dŚe� saŵe� siŐ-
niĮcant� ŵoƌtaůitǇ� induction� was� Ĩound� in� ,eƉͲ'Ϯ� ceůů� ůine�
at� tŚe� concentƌation� oĨ� ϭϲϬ� ʅŐ� at� ϰϴ� Śouƌs� eǆƉosuƌe.� �ut�
in�,dϮϵ� ceůů� ůine� tŚis� siŐniĮcant�ŵoƌtaůitǇ� induction� staƌted�
at�ϰϬ ʅŐ�concentƌation.��eůů�ǀiabiůitǇ�ƌates�weƌe�assessed�at�

FIGURE 1 -� dŚe� ceůů� ǀiabiůitǇ� oĨ� canceƌ� ceůůs.� �Ϳ� �acoͲϮ͕� �Ϳ� ,eƉͲ
'Ϯ͕�and��Ϳ�,dϮϵ�weƌe�assessed�aŌeƌ�Ϯϰ�;ůeŌͿ�and�ϰϴ�Śouƌs�;ƌiŐŚtͿ�
eǆƉosuƌe� to� sƉeciĮc� concentƌations� oĨ� Toxoplasma gondii-d eri-
ǀed� ƉeƉtide� ;ΎƉ� фϬ.Ϭϱ͖� ΎΎƉ� фϬ.Ϭϭ͖� ΎΎΎƉ� фϬ.ϬϬϭͿ.� ^�� с� standaƌd�
deǀiation.�
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ǀaƌious�concentƌations�based�on�tŚe�duƌation�oĨ�eacŚ�ceůů�ůine.�
�s deƉicted� in�&iŐuƌe ϭ͕� it�was�obseƌǀed�tŚat�tŚe� iŵƉact�oĨ�
tŚe�ƉeƉtide�on�canceƌ�ceůůs�diīeƌed�deƉendinŐ�on�tŚe�dosaŐe�
adŵinisteƌed.

dŚe�ceůů�ǀiabiůitǇ�ƌate�in�eacŚ�ceůů�ůine�was�coŵƉaƌed�at�tŚe�
aĨoƌeŵentioned�concentƌations͕�wŚicŚ�Śaǀe�been�Ɖƌoǀided�
in�&iŐuƌe�ϭ.��ƌieŇǇ͕ �a�siŐniĮcant�ŵoƌtaůitǇ�induction�in��acoͲϮ�
was�staƌted�in�ϭϲϬ�and�ϴϬ�ʅŐ�at�Ϯϰ�and�ϰϴ�Śouƌs͕�ƌesƉectiǀeůǇ.�
&oƌ�,eƉͲ'Ϯ͕�tŚe�siŐniĮcant�ŵoƌtaůitǇ�induction�was�in�ϭϲϬ�ʅŐ�
at�Ϯϰ�and�ϰϴ�Śouƌs.�dŚis�situation�was�obseƌǀed�in�ϭϲϬ�and�
ϰϬ ʅŐ�at�Ϯϰ�and�ϰϴ�Śouƌs͕�ƌesƉectiǀeůǇ.�

The IC50 of the excretory-secretory peptide of T. gondii

�ased�on� tŚe� ƌesuůts�obtained� Ĩƌoŵ� tŚe�Ddd�assaǇ͕ � tŚe�
/� 5 0�ǀaůues�Ĩoƌ�eacŚ�ceůů�ůine�weƌe�deteƌŵined�aŌeƌ�eǆƉosuƌe�
to� tŚe�ƉeƉtide�at�botŚ�Ϯϰ�and�ϰϴ�Śouƌs.��t� tŚe� concůusion�
oĨ� tŚe� ϮϰͲŚouƌ� Ɖeƌiod͕� tŚe� �acoͲϮ� ceůů� ůine� eǆŚibited� tŚe�

ŚiŐŚest�/� 5 0�concentƌation�;ϭϰϵ.ϲ�ʅŐ/ŵ>Ϳ͕�wŚiůe�tŚe�,eƉͲ'Ϯ�
ceůů�ůine�disƉůaǇed�tŚe�ůowest�/� 5 0�concentƌation�;ϭϮϲ.ϴ�ʅŐ/ŵ>Ϳ.�
&uƌtŚeƌŵoƌe͕�duƌinŐ�tŚe�ϰϴͲŚouƌ�tiŵeĨƌaŵe͕�tŚe�,dϮϵ�ceůů�ůine�
deŵonstƌated� tŚe� ůowest� /� 5 0� concentƌation� ;ϭϬϳ.Ϯ�ʅŐ/ŵ>Ϳ͕�
wŚeƌeas�tŚe�,eƉͲ'Ϯ�ceůů�ůine�eǆŚibited�tŚe�ŚiŐŚest�/� 5 0 c on-
centƌation�;ϭϰϬ.ϲ�ʅŐ/ŵ>Ϳ�;&iŐ.�ϮͿ.

Apoptosis-related gene expression levels

dŚe�ŵZE�� ůeǀeůs� oĨ� B c l2  and  A P A F 1 � weƌe� eǀaůuated� in�
tŚƌee�tǇƉes�oĨ�canceƌ�ceůůs�at�eǆƉosed�concentƌations�cůose�
to�/� 5 0�bǇ�usinŐ�ƌeaůͲtiŵe�W�Z�and�ƌesuůts�weƌe�ƌeƉoƌted�as�a�
Ĩoůd�cŚanŐe.��ǀaůuated�eǆƉƌession� ůeǀeůs�oĨ� B c l2  and  A P A F 1
Őenes� aƌe� sŚown� in� &iŐuƌe� ϯ.� /n� Ĩact͕� tŚe� �acoͲϮ� ceůů� ůine�
sŚowed�an�incƌease�in�Őene�eǆƉƌession�ůeǀeů�oĨ�B c l2  and  non-
eůeǀated�eǆƉƌession�ůeǀeů�in�A P A F 1 �Őene.���notabůe�decůine�in�
tŚe�eǆƉƌession�ůeǀeůs�oĨ� B c l2  and  A P A F 1  genes w as d etec ted  
in�,eƉͲ'Ϯ�and�,dϮϵ�ceůů�ůines�;&iŐ.�ϯͿ.

FIGURE 2 -� /� 5 0� ǀaůues�oĨ�Toxo-
plasma gondii� ƉeƉtide� in� ceůů�
ůines�aŌeƌ�Ϯϰ�;ůeŌͿ�and�ϰϴ�Śouƌs�
;ƌiŐŚtͿ͗� �Ϳ� �acoͲϮ͕� �Ϳ� ,eƉͲ'Ϯ͕�
and� �Ϳ� ,dϮϵ.� dŚe� ŚiŐŚest� and�
ůowest� ǀaůues� aŌeƌ� Ϯϰ� Śouƌs�
weƌe�Ĩound�in��acoͲϮ�and�,eƉͲ
'Ϯ� ceůů� ůines� ;ϭϰϵ.ϲ� and� ϭϮϲ.ϴ�
ђŐ/ŵ>͕� ƌesƉectiǀeůǇͿ� and� tŚe�
ŚiŐŚest�and�ůowest�ǀaůues�aŌeƌ�
48 hours w ere 15 0.3 and  107 
ђŐ/ŵ>�Ĩoƌ��acoͲϮ�and�,dϮϵ�ceůů�
ůines.
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Flow cytometry

dŚe� aƉoƉtotic� eīect�was� eǆaŵined� on� �acoͲϮ͕� ,eƉͲ'Ϯ͕�
and�,dϮϵ�ceůů�ůines�ĨoůůowinŐ�tƌeatŵent�witŚ�tŚe�ƉeƉtide�and�
subseƋuent� staininŐ�witŚ� anneǆin�s� and�W/� ;&iŐ.� ϰͿ.� �Ōeƌ� a�
ϮϰͲŚouƌ�eǆƉosuƌe�to�tŚe�ƉeƉtide͕�a�notewoƌtŚǇ�ƌise�in�aƉoƉ-
tosis�was�detected�acƌoss�aůů� ceůů� ůines� ;Ɖ с�Ϭ.ϬϬϱͿ.�EotabůǇ͕ �
tŚe� ŚiŐŚest� ůeǀeů� oĨ� aƉoƉtosis�was� obseƌǀed� in� ,dϮϵ� ceůůs͕�
ƌeacŚinŐ�a�ƌate�oĨ�ϯϮй�;&iŐ.�ϱͿ.

Discussion

/n� tŚe� cuƌƌent� inǀestiŐation͕�we� deŵonstƌated� tŚe� anti-
canceƌ� eīect� oĨ� candidate� Toxoplasma� eǆcƌetoƌǇͲsecƌetoƌǇ�
antiŐen�on� tŚƌee� canceƌous� ceůů� ůines͗� �acoͲϮ͕�,eƉͲ'Ϯ͕� and�

,dϮϵ.��uƌƌentůǇ͕ �ƌeseaƌcŚeƌs�aƌe�stiůů�eǆƉůoƌinŐ�diīeƌent�waǇs�
to� tƌeat� canceƌ� usinŐ� natuƌaů� substances� instead� oĨ� cŚeŵi-
caůs.� �esides� studǇinŐ� Ɖůant� coŵƉounds͕� ƌeseaƌcŚeƌs� aƌe�
aůso�assessinŐ�tŚe�eīectiǀeness�oĨ�diīeƌent�otŚeƌ�souƌces�in�
inŚibitinŐ�tŚe�ŐƌowtŚ�oĨ�canceƌ�ceůůs.�^oŵetiŵes͕�it�is�tƌoubůe-
soŵe�to�anticiƉate�eǀents�oĨ�antaŐonistic�iŵƉacts�Ĩƌoŵ�cŚe-
ŵotŚeƌaƉeutic�dƌuŐs�aŵid� tƌeatŵent� ;ϭϳͿ.��anceƌ�ceůůs� can�
becoŵe� ƌesistant� to� dƌuŐs� wŚiůe� ƌeceiǀinŐ� cŚeŵotŚeƌaƉǇ.�
^o͕�to�Őet�tŚe�saŵe�eīect�in�ŬiůůinŐ�tuŵoƌs͕�ŵoƌe�ŵedicine�is�
needed�tŚan�wŚat�was�Őiǀen�initiaůůǇ.�&ƌeƋuentůǇ͕ �ŚiŐŚeƌ�dos-
aŐe�adŵinistƌation�cƌeates�a�ŚiŐŚeƌ�ƉossibiůitǇ�oĨ�side�eīects�
in�Ɖatients�;ϭϴͿ.�dŚeƌeĨoƌe͕�taŬinŐ�a�bůend�oĨ�dƌuŐs�witŚ�ǀaƌi-
ous� ŵecŚanisŵs� couůd� sǇneƌŐisticaůůǇ� Ĩaciůitate� tŚeƌaƉeutic�
eĸciencǇ�;ϭϵͿ.

Kne� oĨ� tŚese� ŵecŚanisŵs� couůd� be� addƌessinŐ� ůiǀe�
oƌŐanisŵ� coŵƉounds� tŚat� Śaǀe� a� ůonŐ� ƌeůationsŚiƉ� witŚ�
Śuŵans�and�successĨuůůǇ�adaƉted� to� tŚe�Śuŵan�bodǇ͗�Ɖaƌ-
asites.� ^oŵe� studies�weƌe� conducted�bǇ� aƉƉůǇinŐ� Ɖƌotoǌoa�

FIGURE 3 -��ǆƉƌession�ůeǀeůs�oĨ� B c l2  and  A P A F 1 �in�tŚƌee�canceƌ�ceůů�
ůines�eǆƉosed�to�Toxoplasma gondii�ƉeƉtide�in�teƌŵs�oĨ�Ĩoůd�cŚan-
Őe͗� �Ϳ� �acoͲϮ͕� �Ϳ� ,eƉͲ'Ϯ͕� �Ϳ� ,dϮϵ� ;ns͕� not� siŐniĮcant͖� ΎƉ� фϬ.Ϭϱ͖�
ΎΎƉ фϬ.Ϭϭ͖�ΎΎΎƉ�фϬ.ϬϬϭ͖�ΎΎΎΎƉ�фϬ.ϬϬϬϭͿ.�^��с�standaƌd�deǀiation.�

FIGURE 4 -�dŚe�distƌibution�oĨ�aƉoƉtotic�ceůůs�stained�witŚ�anneǆin�
sͲ&/d�/W/�in�duaů�Ɖaƌaŵetƌic�dot�Ɖůots�oĨ�W/�Ňuoƌescence�;zͲaǆisͿ�ǀs.�
anneǆin�sͲ&/d��Ňuoƌescence�;yͲaǆisͿ.��ot�Ɖůots�ƌeƉƌesent�canceƌous�
ceůů�ůines�;�Ϳ��acoͲϮ͕��Ϳ�,eƉͲ'Ϯ͕�and��Ϳ�,dϮϵͿ.�dŚe�ŚiŐŚest�ƌate�oĨ�
aƉoƉtosis�beůonŐs�to�,dϮϵ�witŚ�ϯϮй.�&/d��с�Ňuoƌescein�isotŚiocǇa-
nate͖�W/�с�ƉƌoƉidiuŵ�iodide.
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and� ŚeůŵintŚs� to� iŵƉƌoǀe� iŵŵunotŚeƌaƉies� concentƌatinŐ�
aŐainst� tuŵoƌs� aiŵinŐ� to� eŵƉoweƌ� tŚe� antituŵoƌ� iŵŵune�
ƌesƉonse�and�tŚeƌeĨoƌe�eůiŵinate�tŚe�ƉƌoŐƌessinŐ�neoƉůasŵ�
;ϳͿ.�dŚe�Ɖioneeƌ�Ɖƌotoǌoan� in�uncoǀeƌinŐ�antituŵoƌ�eīects�
w as Tr y panosoma c r u z i͕� as� aīected� Ɖatients� sŚowed� no�
sǇŵƉtoŵs�oĨ�coůon�canceƌ�desƉite�ŚaǀinŐ�a�tuŵoƌiŐenic�Ɖƌo-
cess�;ϮϬͿ.�/nǀestiŐations�Śaǀe�ƌeǀeaůed�tŚat�soŵe�ŵoůecuůes�
on�tŚe�suƌĨace�oĨ�tŚe�Ɖaƌasite�can�induce�tŚe�Ɖƌoduction�oĨ�
antibodies�tŚat�diaŐnose�neoƉůastic�ceůůs�due�to�tŚe�antiŐenic�
siŵiůaƌitǇ�between�tŚeŵ͕�oƌ�tŚeǇ�couůd�be�actiǀatoƌs�oĨ�ceůůs�
inǀoůǀed� in� tŚe�Ɖƌocess�oĨ� canceƌ� ceůů� ƌecoŐnition.�T.  gondii
itseůĨ�can�tƌiŐŐeƌ�a�cascade�tŚat�staƌts�witŚ�tŚe�induction�oĨ�
inteƌůeuŬin�;/>ͿͲϭϮ�Ɖƌoduction�and�continues�witŚ�stiŵuůatinŐ�

natuƌaů�Ŭiůůeƌ� ;E<Ϳ�ceůůs�and�d�ceůůs� Ĩoƌ�ƉƌoducinŐ� inteƌĨeƌon�
Őaŵŵa�;/&EͲɶͿ�and�ŵodiĨǇinŐ�tŚe�sƉƌead�oĨ���ϴ�d� ůǇŵƉŚo-
cǇtes�and�tŚeiƌ�cǇtotoǆic�caƉabiůitǇ�and�ĮnaůůǇ�eůeǀatinŐ�anti-
tuŵoƌ� iŵŵune�ƌesƉonse� ;ϮϭͿ.�dŚe�abiůitǇ�oĨ�Toxoplasma to 
ŵodiĨǇ� its� Śost� iŵŵune� ƌesƉonse� in� seǀeƌaů� studies�ŵaŬes�
addƌessinŐ� tŚis� Ɖaƌasite� as� a� Ɖotent� induceƌ� oĨ� antituŵoƌ�
ƌesƉonses�;ϭϭͿ.�

Kuƌ� inǀestiŐation� sŚows� tŚat� ƉaƌasiteͲdeƌiǀed� ƉeƉtide�
couůd�induce�aƉoƉtosis�in�canceƌ�ceůů�ůines͕�wŚicŚ�was�in�ůine�
witŚ�tŚe�ůateůǇ�done�studǇ�bǇ��aŚadoƌǇ�et�aů�;ϭϬͿ.��ccoƌdinŐ�
to� tŚis� studǇ͕ � Toxoc ar a c anis� eǆcƌetoƌǇͲsecƌetoƌǇ� dƌoƉonin�
Ɖƌotein�ƉeƉtide�;�^�dWWͿ�couůd�successĨuůůǇ�aůteƌ�tŚe�eǆƉƌes-
sion�oĨ�aƉoƉtotic� inǀoůǀed�Ĩactoƌs.�WeƉtides�Śaǀe�cŚaƌacteƌ-
isticaůůǇ� Őained� ŵoƌe� aƩention� in� ƌeseaƌcŚes� due� to� tŚeiƌ�
adǀantaŐes͖�Įƌst�oĨ�aůů͕�ƉeƉtides�aƌe�tŚe�Ĩunctionaů�Ɖiece�oĨ�
natuƌaů�Ɖƌoteins�tŚat�can�eǆŚibit�innuŵeƌabůe�bioůoŐicaů�Ĩunc-
tions�and�oīeƌ�ŚiŐŚeƌ�seůectiǀitǇ�and�ƉotencǇ�in�coŵƉaƌison�
to� oƌdinaƌǇ� sŵaůů�ŵoůecuůe� dƌuŐs.� ^econdůǇ͕ � tŚeǇ� couůd� be�
siŵƉůǇ� ŵanuĨactuƌed� bǇ� cŚeŵicaůůǇ� soůidͲƉŚase� sǇntŚesis.�
>astůǇ͕ �ƉossessinŐ�aŵide�bacŬbone�ŵaŬes�tŚe�ƉeƉtides�to�be�
ĨundaŵentaůůǇ�biodeŐƌadabůe͕�wŚicŚ�ŵaǇ�ŵiniŵiǌe�tŚe�side�
eīects�;ϮϮͿ.

'iǀen� tŚat� tŚe� ƉeƉtide� was� sǇntŚesiǌed� aƉƉůǇinŐ� coŵ-
Ɖuteƌ� database͕� ŚiŐŚ� concentƌation� oĨ� ƉeƉtides͕� ƌeŐaƌdůess�
oĨ�onůine�Ɖƌediction͕�is�needed�to�Ŭiůů�tŚe�ceůůs�oƌ�induce�ceůů�
deatŚ.� ^cientists� suŐŐest� tŚat� use� oĨ� nanoƉaƌticůes͕� adũu-
ǀants͕�and� iŵƉƌoǀinŐ� taƌŐet�ceůů�deůiǀeƌǇ� sǇsteŵ�aƌe�ŵeans�
Ĩoƌ�oƉtiŵiǌinŐ�coŵƉounds�witŚ�anticanceƌ�Ɖotentiaů�;ϮϯͿ.�Kn�
tŚe� basis� oĨ� aƩained� ƌesuůts͕� tŚe� aƉƉůied� ƉeƉtide� causes� a�
siŐniĮcant�ƌeduction�in�ŵoƌtaůitǇ�ƌate�in�ceůů�ůines͕�wŚicŚ�aƌe�
ƌeĨeƌƌed�as�dose�deƉendent.�,ence͕�in�coŵƉaƌison�to��acoͲϮ�
and�,eƉͲ'Ϯ͕� tŚe� ůeast� concentƌation� to� aůeƌt� tŚe�ŵoƌtaůitǇ�
and�ǀiabiůitǇ� ƌate�was� Ĩoƌ�,dϮϵ͕�ϰϬ�ђŐ/ŵ>.� /t� is�notewoƌtŚǇ�
tŚat�tŚe�cǇtotoǆic�eīect�was�ƌeŵaƌŬabůǇ�ŚiŐŚeƌ�on�,dϮϵ�tŚan�
�acoͲϮ�and�,eƉͲ'Ϯ�witŚ�ůoweƌ�/� 5 0�;ϭϬϳ�ђŐ/ŵ>Ϳ.�

�ƉoƉtosis͕�a�ƉŚǇsioůoŐicaů�ŵecŚanisŵ�oĨ�ceůůuůaƌ�deŵise͕�
is�ƉƌoŵƉted�bǇ�intƌaͲ�and�eǆtƌaceůůuůaƌ�siŐnaůs.�dŚis�Ɖƌocess�
seƌǀes�a�cƌuciaů� ƌoůe� in�ŵaintaininŐ�tŚe�baůance�and�ƉƌoƉeƌ�
ĨunctioninŐ� oĨ� noƌŵaů� tissues� duƌinŐ� deǀeůoƉŵent� and�
Śoŵeostasis.�/n�tŚe�conteǆt�oĨ�canceƌ�ƉƌoŐƌession͕�aƉoƉtosis�
acts�as�a�baƌƌicade�aŐainst�tŚe�uncontƌoůůed�ŐƌowtŚ�oĨ�tƌans-
Ĩoƌŵed�ceůůs.�EeǀeƌtŚeůess͕� in� tuŵoƌs� tŚat�Śaǀe�undeƌŐone�
siŐniĮcant� tƌansĨoƌŵation� and� eǆŚibit� ƌesistance� to� tŚeƌa-
Ɖeutic� inteƌǀentions͕� tŚe� occuƌƌence� oĨ� aƉoƉtosis� ŵaǇ� be�
ƌeduced� ;ϲͿ.� B c l2  and  A P A F 1 � aƌe�ŬeǇ� Ĩactoƌs� in� tŚe�Ɖƌocess�
oĨ�ceůů�deatŚ͕�wŚicŚ�weƌe�eǀaůuated�bǇ�botŚ�Ddd�assaǇ�and�
ƌeaůͲtiŵe� W�Z͖� tŚe� ůaƩeƌ� is� ŵoƌe� sensitiǀe� and� sƉeciĮc.� /n�
Ĩact͕�ƌeůeasinŐ�cǇtocŚƌoŵe�c�Ĩƌoŵ�ŵitocŚondƌia�is�tŚe�Ɖiǀotaů�
tƌiŐŐeƌinŐ� eƉisode� associatinŐ� a� ceůů� to� aƉoƉtosis͕� ƌesuůtinŐ�
in� tŚe� Ĩoƌŵation� oĨ� aƉoƉtosoŵeͲcontaininŐ� casƉases.� �cůϮ�
as� an� antiaƉoƉtotic� Ɖƌotein� inteƌĨeƌes� in� tŚe� Ɖeƌŵeabiůiǌa-
tion�oĨ�tŚe�ŵitocŚondƌiaů�outeƌ�ŵeŵbƌane͕�tŚus�baƌƌicadinŐ�
aƉoƉtosis� ;Ϯϰ͕ϮϱͿ.��ontƌoǀeƌsǇ͕ �oůiŐoŵeƌiǌation�oĨ��W�&ϭ� in�
ƌesƉonse�to�discŚaƌŐe�oĨ�cǇtocŚƌoŵe�c�Ĩaciůitates�tŚe�Ĩoƌŵa-
tion�oĨ�aƉoƉtosoŵe͕�ůeadinŐ�to�downƌeŐuůation�oĨ�casƉases�
and�tƌiŐŐeƌinŐ�aƉoƉtosis�;ϮϲͿ.�/n�ouƌ�studǇ͕ �tŚeƌe�is�an�incƌease�
in�Őene�eǆƉƌession�ůeǀeů�oĨ� B c l2 �Őene�but�it�wasn͛t�siŐniĮcant�
in��acoͲϮ�ceůů� ůine.��� siŐniĮcant�decƌease� in�eǆƉƌession� ůeǀ-
eůs�oĨ� B c l2  and  A P A F 1 � Őenes�was�seen� in�botŚ�,eƉͲ'Ϯ�and�

FIGURE 5 -�dŚe�eīects�oĨ�Toxoplasma gondii�ƉeƉtide�on�tŚe�ǀiabiůitǇ�
oĨ�tŚƌee�canceƌ�ceůů�ůines�;�Ϳ��acoͲϮ͕��Ϳ�,eƉͲ'Ϯ͕�and��Ϳ�,dϮϵͿ�sŚow�
a�siŐniĮcant�incƌease�in�induction�in�coŵƉaƌison�to�tŚe�contƌoů.�dŚe�
eƌƌoƌ� baƌs� ƌeƉƌesent� ŵean� ц� ^�� oĨ� tŚe� tƌiƉůicate� ŵeasuƌeŵents�
;ΎƉ�фϬ.Ϭϱ͖�ΎΎƉ�фϬ.Ϭϭ͖�ΎΎΎƉ�фϬ.ϬϬϭ͖�ΎΎΎΎƉ�фϬ.ϬϬϬϭͿ.�^��с�standaƌd�
deǀiation.�
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,dϮϵ�ceůů�ůines.�Kn�tŚe�basis�oĨ�uƉdate�bǇ�tŚe�Eoŵencůatuƌe�
�oŵŵiƩee�on��eůů��eatŚ�;E���Ϳ͕�ƌeŐuůated�ceůů�deatŚ�couůd�
be� cůassiĮed͕� based� on� its� ŵoůecuůaƌ� cŚaƌacteƌistics͕� into�
ŵuůtiƉůe�cateŐoƌies�in�wŚicŚ�soŵe�oĨ�tŚeŵ�weƌe�weůů�studied�
ůiŬe͗�aƉoƉtosis͕�necƌosis͕�necƌoƉtosis͕�and�ƉǇƌoƉtosis͕�wŚiůe�
otŚeƌs� ůiŬe� ĨeƌƌoƉtosis͕� entotic͕� autoƉŚaŐǇ͕ � etc.͕� aƌe� undeƌ-
estiŵated�and�ůess�weůůͲstudied�;ϮϳͿ.�&oƌ�tŚis�case͕�we�couůd�
concůude�tŚat�downƌeŐuůation�in�anǇ�oĨ�tŚe�aĨoƌeŵentioned�
Őene�eǆƉƌession�ůeǀeůs�ŵaǇ�ƌesuůt�in�conseƋuences�oĨ�anǇ�oĨ�
tŚe�aĨoƌesaid�ceůů�deatŚ�tǇƉes.�� �͛ƌcǇ�states�tŚat�tŚe�ceůů� in�
ŵedia�couůd�ƌeact�in�diīeƌent�waǇs�wŚen�it�Ĩaiůs�to�ŵaintain�
Śoŵeostasis� witŚ� its� enǀiƌonŵent.� ,ence͕� tŚe� ƌeŵains� oĨ�
ůate�aƉoƉtotic�ceůůs� tŚat�Śaǀe� ůost� tŚeiƌ� inteŐƌitǇ�aƌe�siŵƉůǇ�
descƌibed�as�necƌosis�;ϮϴͿ.

&oƌ� Ĩutuƌe�ƉƌosƉect͕� conductinŐ�eǆƉeƌiŵents�on�aniŵaů�
ŵodeůs�and�assessinŐ�ceůů�deatŚ�ŵoůecuůaƌ�ŚaůůŵaƌŬs�usinŐ�
bůoƫnŐ� tecŚniƋues� wouůd� Őiǀe� a� beƩeƌ� Ɖoint� oĨ� ǀiew� Ĩoƌ�
conductinŐ�uƉcoŵinŐ� ƌeseaƌcŚes.��ŚaůůenŐes� incůude�beinŐ�
unabůe�to�sǇntŚesiǌe�tŚe�ƉeƉtide�in�ouƌ�countƌǇ�and�tŚe�need�
Ĩoƌ�iŵƉůeŵentinŐ�ŵoƌe�accuƌate�and�sƉeciĮc�tests�Ĩoƌ�aƉƉůǇ-
inŐ�bůoƫnŐ�tests�and�to�eǀaůuate�wŚetŚeƌ�tŚe�ƉeƉtide�couůd�
enteƌ�tŚe�ceůůs.

Conclusion

dŚe�ƌesuůts�deŵonstƌated�tŚat�T.  gondii�ƉeƉtide�eǆeƌted�
an�inŇuence�on�tŚe�ŵoƌtaůitǇ�oĨ�canceƌ�ceůůs�and�aůteƌed�tŚe�
eǆƉƌession� oĨ� aƉoƉtosisͲƌeůated� Őenes.� ,oweǀeƌ͕ � ĨuƌtŚeƌ�
oƉtiŵiǌation�and�ƌedesiŐn�oĨ�tŚe�ƉeƉtide�couůd�enŚance�its�
Ɖotentiaů�as�a�canceƌ�tŚeƌaƉǇ.�'iǀen�tŚe�Ɖotentiaů�oĨ�ƉeƉtides�
as�seůectiǀe�and�Ɖotent�tŚeƌaƉeutic�aŐents͕�enŚancinŐ�tŚeŵ�
witŚ� nanoƉaƌticůes� and� iŵƉƌoǀinŐ� deůiǀeƌǇ� sǇsteŵs� couůd�
oƉtiŵiǌe� tŚeiƌ� anticanceƌ� eĸcacǇ.� &utuƌe� ƌeseaƌcŚ� couůd�
Ĩocus�on�aniŵaů�ŵodeůs�and�ŵoůecuůaƌ�anaůǇses�witŚ�bůoƫnŐ�
tecŚniƋues� to� ĨuƌtŚeƌ�eǀaůuate�and� iŵƉƌoǀe� tŚis�ƉƌoŵisinŐ�
tŚeƌaƉeutic�aƉƉƌoacŚ.
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ABSTRACT
Background: Levofloxacin, a fluoroquinolone, is an extensively used antibiotic effective against both positively 
and negatively staining bacteria. It works by inhibiting bacterial topoisomerase type II and topoisomerase type IV, 
resulting in impaired DNA synthesis and bacterial cell death. Eryptosis is another term for apoptotic cell death of 
erythrocyte marked by cell shrinkage, phosphatidylserine (PS) flipping, and membrane blebbing. 
Methods: The intent of the present research was to look at the eryptotic effect of levofloxacin by exposing 
erythrocytes to therapeutical doses (7, 14 µM) of levofloxacin for 48 hours. Cell size evaluation, PS subjection 
to outside, and calcium channel inhibition were carried out to investigate eryptosis. Oxidative stress generated 
by levofloxacin was measured as a putative mechanism of eryptosis using glutathione peroxidase (GPx), super-
oxide dismutase (SOD), and catalase activities. Similarly, hemolysis measurements demonstrated levofloxacin’s  
cytotoxic effect.
Results: Our findings showed that therapeutic doses of levofloxacin can cause a considerable decline in antioxi-
dant enzymes activities, as well as induce cell shrinkage, PS externalization, and hemolysis in erythrocytes. The 
role of calcium in triggering erythrocyte shrinkage was also confirmed. 
Conclusion: In conclusion, our findings showed that the indicated levofloxacin doses caused oxidative stress, 
which leads to erythrocyte death via eryptosis and hemolysis. These findings emphasize the importance of using 
levofloxacin with caution and the need for additional research to mitigate these side effects.
Keywords: Eryptosis, Erythrocyte, Hemolysis, Levofloxacin, Oxidative stress
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post-exposure inhalational anthrax, hospital-acquired infec-
tions and pneumonitis, urinary tract infections, inflammation 
of the prostate gland, and soft tissue or skin infection. The 
medicine levofloxacin is on the World Health Organization 
(WHO)’s list of essential medicines (1,2). In in vivo and in 
vitro conditions levofloxacin has been demonstrated to have 
immunomodulatory properties by decreasing the synthesis 
and secretion of inflammatory cytokines (3). Nausea, vomit-
ing, and diarrhea are among the most common side effects 
associated with levofloxacin. Central nervous system com-
plications have also been reported from mild dizziness and 
headache to severe depression, hallucination, and seizures 
(4). Its widespread usage has been linked to several cases 
of clinically apparent liver injury. It has been proposed that 
reactive oxygen species (ROS) produced by the breakdown 
of vital mitochondrial enzymes, along with those released 
during RNA processing, gene transcription, and inflammatory 
processes, causes liver and kidneys to suffer from oxidative 
stress and cellular damage (5).

Introduction
Levofloxacin is a third-generation antibiotic that belongs 

to the class of fluoroquinolones. It has more efficacy against 
positively staining bacteria and uncommon intracellular 
pathogens than prior generations of fluoroquinolones. 
Levofloxacin works by inhibiting bacterial type II topoisom-
erases, particularly the enzymes topoisomerase IV (Topo IV) 
and bacterial DNA gyrase. In human medicine, levofloxa-
cin is used to treat acute rhinosinusitis, chronic bronchitis, 

https://doi.org/10.33393/dti.2024.3060
https://doi.org/dti.2022.2522
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://orcid.org/0009-0002-5252-1214
https://orcid.org/0009-0004-6520-5215
https://orcid.org/0000-0003-1400-9906
mailto:majeeda.rasheed@kfueit.edu.pk


Aslam et al Drug Target Insights 2024; 18: 79

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu

The prior work using animal models demonstrated that 
fluoroquinolones were involved in the formation of reactive 
oxygen molecules, which is what causes oxidative stress (4). 
Oxidative stress is a shift in pro-oxidant and antioxidant bal-
ance in favor of oxidants, resulting in redox signaling/control 
disruption and molecular damage (6). ROS can be produced 
either exogenously by ultraviolet (UV) light, ionizing radiation, 
pollutants, and nitroaromatics or intracellularly by cytosolic 
enzyme systems during the course of a variety of physiologi-
cal and biochemical processes (7). Moreover, levofloxacin 
was shown to increase lipid peroxidation, NO production, and 
superoxide dismutase (SOD) activity in cortex, corpus stria-
tum, and hippocampus (8).

The normal lifespan of circulating erythrocytes is 100–
120 days owing to erythrocyte aging. Prior to that, erythro-
cytes are rapidly removed from circulation (9). Eryptosis is 
the self-destruction of erythrocytes that eliminates old or 
superfluous erythrocytes from circulation, characterized by 
erythrocyte membrane perturbation, which results in the 
dismantling of plasma membrane symmetry and the expo-
sure of phosphatidylserine flipping from the interior to the 
plasma membrane surface (10,11). Oxidative stress activates 
several factors that cause erythrocyte suicide, including 
opening of Ca+2 channels, caspase activation, and the forma-
tion of phospholipase A2 (PLA-2)-induced platelet-activating 
factor (PAF), which stimulate cellular ceramide generation 
through stimulating sphingomyelinase. Increased cytosolic 
Ca++ ions and ceramide levels cause phosphatidylserine 
exposure via membrane scrambling. Phosphatidylserine 
(PS)-exposed erythrocytes apparently attached to thrombo-
spondin (TSP) are recognized by PS receptors such as PSR-1, 
and are removed from circulating blood. Furthermore, cal-
cium stimulates Ca-sensitive K+ channel, which results in KCl 
loss with water that leads to cell shrinkage, and activates cal-
pain, a protease, resulting in cytoskeleton destruction (9,12). 
A number of xenobiotics have been reported to induce eryp-
tosis associated with the conditions such as anemia, diabe-
tes, cancer, cardiovascular and liver complications, uremia, 
and chronic kidney disease (13,14). Levofloxacin-induced oxi-
dative stress and anemia are rarely reported in the literature. 
This research was designed with the intention to look into 
the involvement of levofloxacin in the induction of eryptosis 
by oxidative stress. Isolated human red cells were given with 
therapeutic dosages of levofloxacin in order to evaluate its 
eryptotic, oxidizing, and hemolyzing or cytotoxic effects on 
red cells.

Materials and methods
Noninfectious screened blood samples in heparin tubes 

were generously supplied by the blood bank at the Allied 
Hospital, Faisalabad. Leukocyte-free erythrocytes were 
isolated by depleting the white cells and plasma from the 
whole blood samples following the protocol of Fink et al. 
The whole blood samples were spun up at 1500 rpm for 
15-20 minutes at 21°C and the leukocyte and platelet-rich 
afloat supernatant was discarded (15). The sorted red 
blood cells were put into microcentrifuge tubes, and they 
were incubated for 48 hours at 37°Celsius and pH 7.4 with 
a 0.4% hematocrit volume in Ringer solution that included 

sodium chloride 125 mM, potassium chloride 5 mM, mag-
nesium silicate 1 mM, HEPES sodium salt 32 mM, glucose 
5 mM, and calcium chloride 1 mM (16). Erythrocytes 
were exposed to levofloxacin (Getz Pharma Pakistan) at 
the physiological concentrations (7, 14 µM). Levofloxacin 
was added from stock solution of 14 mM prepared by 
dissolving levofloxacin salt in dimethylsulfoxide (DMSO) 
and later diluted to get the required concentrations for  
the experiments.

Oxidative stress measurement
Antioxidant enzyme assays (for glutathione peroxidase 

[GPx], catalase, and SOD) were conducted to assess the 
stress levels of erythrocytes exposed to levofloxacin.

Superoxide dismutase

SOD activity was determined by using Naveed et al’s pro-
tocol (17). The reaction mixture contained nitroblue tetra-
zolium (0.015 g in 17.5 mL d-H2O), l-methionine (0.222 g in 
15 mL d-H2O), Triton-X-100 (0.0375 mL in 17.5 mL H2O), vita-
min B2 rib (0.0132 g in 17.5 mL d-H2O), and phosphate buffer 
of pH 7.4, 0.2 M. The spectrophotometer value of chromo-
phore was taken at 525 nm.

Glutathione peroxidase

Using the methodology described by Sattar et al (18), GPx 
enzyme activity was evaluated every 20 seconds at 470 nm 
using spectrophotometer in the reaction mixture containing 
guaiacol (Sigma-Aldrich; 20 mM), phosphate buffer of pH 5 
(50 mM), hydrogen peroxide (40 mM), and 200 µL enzyme 
extract. 

Catalase

The assessment of erythrocyte catalase activity followed 
the methodology outlined by Mukhtar et al (19). The reaction 
cocktail composed of phosphate buffer of pH 7.4 (50 mM) 
and 54 µL of 5.9 nM hydrogen peroxide in 10 mL water. Equal 
proportions of sample and reaction solution were placed into 
a multiwell plate (96 wells), and the optical density measured 
at 240 nm using BioTeK Quant. 

Cell size measurements

Variations in cell dimensions were ascertained by cal-
culating the mean cellular volume (MCV) for both the con-
trolled and levofloxacin-treated erythrocytes. The MCV 
was calculated using an HumaCount 5D hematology ana-
lyzer (Human GmbH, Wiesbaden, Germany), which pro-
vided estimated information on red blood cell volume and 
shape and size (20). 

Phosphatidylserine content

Concentration of externalized PS in levofloxacin-treated 
erythrocytes was measured using a human PS enzyme-
linked immunosorbent assay (ELISA) kit (Elabscience, Beijing, 
People’s Republic of China) according to the manufacturer’s 
instructions. Absorbance was read at wavelength of 450 nm 
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on the BioTeK μ Quant microplate reader and expressed as 
PS equivalents (mg/mL) (21).

Confirmation of the role of Ca++ ions

To validate the functional role of Ca++ in the initiation 
of eryptosis, the MCV of erythrocytes was evaluated using 
a hematology analyzer. Erythrocytes were treated with 
levofloxacin doses and 10 µM of a calcium entry blocker 
(amlodipine) to ensure the involvement of calcium ions in 
levofloxacin-induced eryptosis (22). 

Measurement of hemolysis percentage

To validate levofloxacin’s hemolytic effect on erythro-
cytes, controlled and levofloxacin-treated red cell samples 
were centrifuged at 400g for 3 minutes at 25°C to get the 
supernatant. The concentration of hemoglobin in super-
natants was measured at 405 nm using LMSP-V310 visible 
spectrophotometer; 100% hemolysis was defined as the 
optical density of erythrocyte supernatant lysed in distilled 
water (23).

Statistical analysis

The findings were presented with a mean standard error 
of mean (± SEM). Analysis of variance (ANOVA) with Tukey’s 
test as a follow-up test was used for the statistical study 
where necessary (24). Statistical significance was considered 
as p-value <0.05.

Results
The purpose of this study was to analyze levofloxacin’s 

eryptotic effects by implementing the oxidative stress induc-
tion that is one of the eryptosis-stimulating mechanisms. To 
validate this, the antioxidant enzymatic activities, erythrocyte 
size, exposing of PS at the cell exterior, hemolytic activity, and 
substantiating the involvement of calcium in triggering the 
programmed cell death of erythrocytes were all evaluated. 
The findings of the research are showcased in graphs, fea-
turing mean values ±SEM with clear indications of statistical 
significance. The antioxidant enzyme activities in levofloxa-
cin-treated and -nontreated cells (control group) were mea-
sured to see if levofloxacin induces oxidative stress. Figure 1 
shows a notable decrease in SOD activity at 7 and 14 μM 
levofloxacin compared to control cells. Figure 2 shows that 
48 hours treatment with the mentioned drug concentrations 
resulted in a statistically substantial drop in GPx activity at 7 
and 14 μM doses compared with control groups. Similarly, 
Figure 3 shows that 48 hours of treatment with levofloxacin 
results in a relatively moderate decline at 7 µM and highly 
significant decline at 14 µM in catalase activity. 

A substantial and statistically significant decrease in the 
MCV of red blood cells was observed after treatment with 
7 and 14 µM concentrations of levofloxacin for 48 hours 
(Fig. 4). Increased mean cell volume could be attributed to 
membrane bleb formation caused by levofloxacin-induced 
oxidative damage.

Results of PS exposure assay showed least absorbance in 
the control group, which indicates minor PS externalization, 

while levofloxacin-exposed treatment groups showed 
increasing absorbance (p < 0.001) in both 7 and 14 µM con-
centrations, reflecting increased PS exposure and suggesting 
higher levels of eryptosis. The standard curve was generated 
using the absorbance values of the known PS standards, 
which showed a linear relationship between absorbance and 
PS concentration (Fig. 5).

The calcium channel blocker amlodipine was employed 
to verify the effect of Ca++ in the elicitation of oxidative 
stress initiated by eryptosis in triggering the formation of 

FIGURE 1 - The effect of levofloxacin on superoxide dismutase acti-
vity in erythrocytes exposed to levofloxacin (measured in U/g Hb). 
Variations in erythrocyte responses (n = 15) are visible after 
48 hours of incubation in Ringers’ solution with varying concen-
trations of levofloxacin in black bars, with asterisks *(p < 0.05) and 
***(p < 0.0001) on the error bars indicating significant differences 
from the absence of levofloxacin in white bar (ANOVA). ANOVA = 
analysis of variance.

FIGURE 2 - The effect of levofloxacin on glutathione peroxidase 
activity in erythrocytes exposed to levofloxacin (measured in 
U/g Hb). Variations in erythrocyte responses (n = 15) are visible 
after 48 hours of incubation in Ringer’s solution with varying con-
centrations of levofloxacin in black bars, with asterisks *(p < 0.05) 
and ***(p < 0.0001) on the error bars indicating significant distin-
ctness from the absence of levofloxacin in white bar (ANOVA). 
ANOVA = analysis of variance.
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In accordance with our research it was concluded that 
therapeutic dosages (7, 14 µM) of levofloxacin may elevate 
the rate of erythrocyte elimination from the blood stream 
due to oxidative stress and calcium influx, leading to erypto-
sis and hemolyzing the red cells. 

Discussion
The intent of this study was to find the impact caused 

by levofloxacin on oxidative stress status and cell death of 
red blood cells. This objective of the study was achieved by 
investigating the antioxidant enzymes’ status, cell dimen-
sions, and the role of calcium in causing the programmed cell 
death of red cells. The levofloxacin concentrations (7, 14 μM) 
employed in this investigation were the plasma concentration 

FIGURE 3 - The effect of levofloxacin on catalase activity in 
erythrocytes exposed to levofloxacin (measured in U/g Hb). 
Variations in erythrocyte responses (n = 15) are visible after 
48 hours of incubation in Ringer’s solution with varying concentra-
tions of levofloxacin in black bars, with asterisks **(p < 0.01) and 
***(p < 0.0001) on the error bars indicating significant differences 
from the absence of levofloxacin in white bar (ANOVA). ANOVA = 
analysis of variance.

FIGURE 4 - The effect of levofloxacin on erythrocyte mean cellu-
lar volume (fL). Mean ± SEM (n = 10) of erythrocytes incubated in 
Ringer’s solution for 48 hours without levofloxacin in white bar and 
with levofloxacin concentrations (7, 14 µM) in black bars. The Y-axis 
represents ±SEM. **(p < 0.01) and ***(p < 0.001) indicate a sta-
tistically significant distinction in groups treated with levofloxacin 
in comparison to the absence of levofloxacin (ANOVA). ANOVA = 
analysis of variance; SEM = standard error of the mean.

FIGURE 5 - Effect of levofloxacin on phosphatidylserine content fol-
lowing incubation in Ringer’s solution for 48 hours in the absence 
(control group) and presence of levofloxacin (7, 14 µM). 

FIGURE 6 - Measurement of erythrocyte mean cellular volume in 
the presence and absence of amlodipine following exposure to 
levofloxacin, represented by arithmetic mean ± SEM (n = 10) for 
erythrocyte incubated in Ringer’s solution, with 14 μM levofloxa-
cin (in black bar) or without (in white bars) demonstrating a decre-
ase in cell dimensions subsequent to amlodipine 10 μM treatment 
(ANOVA) as indicated by ***(p < 0.001), ###(p < 0.001). ANOVA = 
analysis of variance; SEM = standard error of the mean.

membrane blebs. Figure 6 showed noticeable rise in eryth-
rocyte cell size dimensions when compared to cells that 
were free of amlodipine, which is most likely due to calcium 
entrance inhibition in the cells. This experiment revealed no 
shrinkage in the size of erythrocytes, due to the blockade of 
Ca++ channels confirming the significance of calcium in caus-
ing erythrocyte cell death. Figure 7 shows the findings of % 
hemolysis in levofloxacin-treated cells to confirm the hemo-
lytic activity of levofloxacin. Figure 6 shows an increase in % 
hemolysis after 2 days of levofloxacin (14 µM) exposure of 
erythrocytes.
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reported by Fish and Chow (25). One of the primary drivers 
of eryptosis is oxidative stress (14), and increasing oxidative 
damage leads to a drop in the activities of free radical scav-
enger enzymes (26). The impairment in enzymatic activity of 
SOD could be predictive of the heightened superoxide radi-
cal concentrations, as SOD efficiently catalyzes the conver-
sion of oxygen into H2O2. A decrease in SOD activity was also 
evaluated by repeated oral administration of levofloxacin and 
other fluoroquinolones in rabbits (27). Similar effect was also 
reported on hepatic and renal tissues of rat due to exposure 
of levofloxacin (28).

The experiment revealed a moderate (at 7 µM) and 
notable reduction (at 14 µM) in GPx activity, which might be 
blamed on the formation of ROS. In a related research under 
stress red cells, a substantial endogenous rate of H2O2 syn-
thesis from hemoglobin autoxidation was observed. GPx cat-
alyzed a reaction by which glutathione is oxidized to detoxify 
hydrogen peroxide. Increasing oxidative stress ultimately 
leads to demise in GPx activity. The reduced enzyme activ-
ity is due to a decrease in glutathione concentration (29). 
Calderón-Salinas et al (30) reported that oxidative stress 
made the red cell to expose PS outside, which also decreases 
erythrocyte count. 

Catalase activity was also seen to be declined in the pres-
ent study in levofloxacin-treated erythrocytes compared with 
controlled groups. The decreased catalase activity might be 
due to peroxidative damage to lipids and injury to cellular 
components by levofloxacin-induced oxidative insult. Parallel 
results were also reported by Khan et al (27) and Farid and 
Hegazy (31). 

Erythrocyte shrinkage and PS externalization on the 
erythrocyte membrane are two eryptotic markers. The high 
PS exposure on the outer leaflet of erythrocyte’s plasma 

membrane in levofloxacin-treated erythrocytes indicates 
that levofloxacin exposure leads to increased eryptosis. 
Obtained data showed significant increase in PS externaliza-
tion in levofloxacin-treated erythrocytes while control group 
showed negligible PS exposure. Thus, increasing concentra-
tions of levofloxacin lead to higher PS exposure, which is 
the main indicator of eryptosis (16). A decrease in mean cell 
volume confirms stimulated eryptosis (24). The activation 
of a calcium influx channel in red blood cells by oxidative 
stress results in considerable erythrocyte shrinkage (13). This 
action is believed to be triggered by Ca2+-dependent K+ chan-
nel activation in the erythrocyte’s membrane, which results 
in increased polarization of membrane and eventual K+ loss 
followed by Cl− in the erythrocyte (32). Our results showed 
apparent difference in cell shrinkage in amlodipine-treated 
and -nontreated erythrocytes, which confirms the role of cal-
cium ions in triggering characteristic cell shrinking of eryp-
totic erythrocytes.

Eryptosis has an important physiological influence on 
the disposal of faulty erythrocytes prior to hemolysis (33). 
Hemoglobin flows out from hemolyzed cells that may be con-
trarily filtered in the glomerulus and clog the renal tubules 
(34). Our results showed a high increase in % hemolysis 
(Fig. 6) after 48 hours of levofloxacin exposure to erythro-
cytes at 7 and 14 µM. The release of erythrocyte contents, 
particularly hemoglobin, during hemolysis reduces NO bio-
availability. This may lead to vasomotor instabilities, systemic 
vasoconstriction, and endothelial dysfunction, as well as cru-
cial clinical problems such as hypertension, respiratory issues, 
cardiovascular disorders, impaired renal function, inflamma-
tion, coagulation, and vulnerability to infections (35).
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ABSTRACT
Background: Edible fruits and resins provide various benefits to mankind including potential medicinal applica-
tions. This study aimed to determine the cytotoxicity, selectivity, and clonogenicity of fruits and exudates of certain 
Saudi medicinal plants (Anethum graveolens (BEP-09), Opuntia ficus-indica (L.) Miller (BEP-10), Boswellia serrata 
Roxb. ex Colebr. (BEP-11), and Commiphora myrrha (BEP-12)) against human liver adenocarcinoma (HepG2).
Methods: Initial cytotoxicity and cell line selectivity against different cell lines were screened using MTT assay. 
The most promising extract was subjected to gas chromatography-mass spectrometry (GC-MS) analysis to deter-
mine the main phytoconstituents. Clonogenicity was checked for the most active extract.
Results: The selected plants’ fruits and resins possess a significant cytotoxic activity estimated as IC50. The fruit of 
BEP-10 was found to be the most active extract against liver cancer cells (IC50 = 2.82) comparable to both doxo-
rubicin (IC50 = 1.40) and camptothecin (IC50 = 1.11). It showed a selectivity index of 4.47 compared to the normal 
human foetal lung fibroblast (MRC5) cells. BEP-10 showed a dose-dependent clonogenic effect against HepG2 
cells comparable to the effect of doxorubicin. The GC-MS chromatogram of BEP-10 extract revealed the presence 
of eight small polar molecules, representing 73% of the total identified compounds and the rest three molecules 
(27%) were non-polar constituents. The furan derivatives represent the chief components in BEP-10 (16.3%), 
while the aldehyde 5-(hydroxymethyl)-2-furancarboxaldehyde was found to be the main molecule (13.2%).
Conclusion: The fruits of BEP-10 have a potential cytotoxic effect particularly against HepG2. The identified phy-
toconstituents in the tested plant extract might contribute to the investigated cytotoxic activity. 
Keywords: Clonogenicity, Cytotoxicity, MTT assay, Opuntia ficus-indica, Saudi plants, Selectivity index
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are used as flavouring agents. It is an erect, robust, and 
rather glabrous annual aromatic herb. The leaves are three 
to four pinnate, with the ultimate segments narrowly linear 
to filiform. The flowers are yellow, and appear in umbels, 
with an elliptic cremocarp. It has been recognized in differ-
ent systems of traditional medicine for the treatment of dif-
ferent diseases and ailments of humans. The plant is used 
as an antispasmodic, carminative, and anti-inflammatory. It 
is also used as medicine for loss of appetite, cough and cold, 
menstrual cramps, liver problems, oral care, strengthening 
the immune system, protection against bone degradation, 
and urinary tract disorders (1). The antioxidant and antican-
cer activities of A. graveolens were investigated in human, 

Introduction
Anethum graveolens L. is a member of the Apiaceae fam-

ily locally known as Shabat-sanout. This plant has a long his-
tory of use as a spice in our food, where its seeds and leaves 
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lung, breast, and cervical carcinoma cell lines (2-4). Nam et al 
(5) studied the anti-inflammatory and protective properties 
of A. graveolens (dill seeds) on oesophageal mucosal dam-
age in rats induced by reflux esophagitis and revealed good 
physiological activity and the possibility of being used as a 
medicinal, food, and functional resource for the prevention 
and therapy of gastro-oesophageal disorders. A systematic 
review and meta-analysis of randomized controlled trials 
investigated the effects of A. graveolens (dill) supplementa-
tion on lipid profile and glycaemic control, showing that A. 
graveolens could provide favourable effects on insulin resis-
tance and serum low-density lipoprotein (6). The anthelmin-
tic action of A. graveolens essential oil was found to be a 
promising alternative in the control of sheep gastrointestinal 
nematodes (7). Khare (8) reported that it was used for eye 
problems.

Opuntia ficus-indica (L.) Miller is a member of the family of 
Cactaceae locally known as ElBarshoumy–El TeenElShawki. It 
is a shrub or arborescent. Leaves are subulate and deciduous. 
Fruits are ellipsoidal or obovoid, red, yellow to orange, fleshy, 
edible. The plant is widely distributed in the south and the 
southwest of Saudi Arabia. It is widely known for its benefi-
cial properties (9). Historically it was used as food for humans 
and farm animals and in folk medicine due to its nutritional 
properties and beneficial activities (10). Traditional medicine 
has used many plant extracts for human and animal wellness, 
due to their beneficial properties in wound healing and skin. 
In this regard, the study of Trombetta et al (11) is most helpful. 
Traditionally it was used as a treatment for gastritis, hyper-
glycaemia, hypercholesterolaemia, arteriosclerosis, diabetes, 
and prostatic hypertrophy, and it also has hypolipidaemic 
action and immune regulation function in the gastrointestinal 
tract (12). The protective properties of various plant extracts 
on airway inflammation related to exposure to PM10 and die-
sel exhaust particles were evaluated in mice (13). The antioxi-
dants of O. ficus-indica as important inhibitors of free radical 
formation were reported by Castañeda-Arriaga et al (14), 
as well as antioxidants and inhibition of the sugar digestive 
enzyme activities of polyphenols by in vitro experiments (15). 
The powder of peel and seed of the plant efficiently removes 
the aqueous manganese cations (16). The gums were used to 
improve the quality of breads and cakes (17). The phenolic 
phytoconstituents, antioxidant and antiacetylcholinesterase 
activities of O. ficus-indica peel and flower teas were evalu-
ated after in vitro gastrointestinal digestion (18). It modulates 
the intestinal microbiome in obese women and improves host 
metabolism (19). Polysaccharides from O. ficus-indica showed 
a regulating effect on intestinal flora of cyclophosphamide-
induced immunosuppressed mice by effectively increasing 
the white blood cell count index and improving their thymus 
and spleen, while effectively promoting the secretion of inter-
leukin (IL)-4, IL-1beta, tumour necrosis factor (TNF)-alpha 
and interferon (IFN)-gamma (20). Indicaxanthin isolated from 
fruits enhances glucose dysmetabolism and reduces insulin 
resistance in mice fed the high-fat diet (21).

Boswellia serrata Roxb. ex Colebr. belongs to the 
Burseraceae family locally known as luban-Kundur. These 
are moderate to large deciduous trees. They have papery 
flakes of bark and “yellowish green resin” inside. Leaves are 

compound and alternate. Flowers are white and are distrib-
uted in southern Saudi Arabia.

The extract of B. serrata exhibited a potential effect in 
protecting the intestinal epithelium compared to lipopoly-
saccharide (LPS)-stimulated cells (22,23). The diuretic activ-
ity of gum extract in albino rats was investigated (24,25) and 
significant diuretic, kaliuretic, and natriuretic effects were 
observed. Synergistic antimicrobial activity of essential oil 
from B. serrata was studied with various azoles against azole-
resistant strains of Candida albicans pathogens (26). The 
plant was used as a culture medium for micropropagation 
and as a natural source of nonsteroidal anti-inflammatory 
and antiarthritic agents (27). The antianaphylactic and mast 
cell stabilizing effects of boswellic acid have been assessed 
on passive paw anaphylaxis and revealed potential immuno-
modulatory activity (28). Recently, Boswellia spp. and its iso-
lated bioactive phytoconstituents were traditionally used to 
treat chronic disease, inflammation, oral health, and micro-
bial infection (29). Gum is traditionally used for the treatment 
of various inflammations that affect the skin, gums, eye, gas-
trointestinal tract (GIT) in addition to respiratory inflamma-
tion disorders such as bronchitis, asthma, laryngitis, etc. (30). 

Commiphora myrrha (Nees) Engl. belongs to the 
Burseraceae family, locally known as El Murr Elihejazi. These 
are spiny, deciduous, almost shrub or small tree, with short 
thorns, producing a hard translucent yellowish gum resin. 
Leaves are green to greyish or glaucous, variable in shape, 
and minute in size. Native to Saudi Arabia, the plant is tradi-
tionally used as an anti-inflammatory and in the treatment 
of infectious diseases, making it a very popular and valuable 
alternative and traditional medicine (31,32). It was found to 
heal wounds, ulcers, and various diseases of the pulmonary, 
GIT, and urinary system (33).

Furanodienone and curzerene are bioactive compo-
nents detected in the oil of the resinous exudate of C. myr-
rha that were tested and found to influence the spread of 
viruses by intervening at different stages of the virus life 
cycle (34). The antiosteoporotic effects of C. myrrha and its 
polysaccharide were inhibited through osteoclastogenesis 
(35). Sesquiterpenoids and its phytoconstituents isolated 
from the resinous exudate of C. myrrha were found to inhibit 
the migration of human hepatocellular liver carcinoma cells 
(HepG2) according to a dose-dependent pattern (36). A pilot 
study revealed that C. myrrha has significant analgesic prop-
erties (37). A combination of herbs (Commiphora mukul, C. 
myrrha, and Terminalia chebula) functions as an antioxidant, 
hypolipidemic, and antidiabetic substance; it could be recom-
mended as a helpful herbal remedy for those with diabetes 
(38). The ethanolic extract of the resin of C. myrrha showed 
anti-obesity potential (39). It showed a hepatoprotective 
effect against D-GalN/LPS-induced liver injury in a rat model 
through multiple pathways (40). Murr (C. myrrha) is benefi-
cial in treating eye diseases, as kahl forms in ulcers of the 
eye with other drugs. In Unani medicine, Murr is applied as a 
mixture with aabe mooli (radish juice) to eyes for cataracts, 
where the eyes are cleaned after dissolving murr in milk and 
in infraorbital haemorrhage (41-44). 

Tumour-related destructive autoimmune responses can 
affect the eye, where autoantibody-mediated destruction 



In vitro cytotoxicity of Saudi medicinal plants86 

© 2024 The Authors. Drug Target Insights - ISSN 1177-3928 - www.aboutscience.eu/dti

of retinal cells is induced by ectopic expression of periph-
eral tumour-related ocular antigens (45). Neuroendocrine 
tumours can metastasize to the orbits of the eyes of the 
midgut carcinoid (46). In the Philippines, the majority of con-
junctival, eyelid, and orbit tumours were benign, and retino-
blastoma was the most prevalent type of intraocular tumour, 
while the majority of them were malignant (47). An update is 
needed to reorient the way to predict the prognosis of pae-
diatric cancers, such as rhabdomyosarcoma and retinoblas-
toma, and also adult cancers, such as uveal melanoma and 
lymphomas, and the benefit of targeted therapies, immuno-
therapy, or even chemotherapy (48).

Fruits and resins are usually used as nutritional supple-
ments and are rarely used for medical purposes. Attempts 
are being made to look for the constituents of the plant that 
can prevent and reverse cancer. In this study, in vitro anti-
cancer activity and cell line selectivity of two fruits and two 
resins were studied in three different cell lines, while clono-
genicity was investigated against HepG2. Furthermore, the 
most promising extract was subjected to gas chromatogra-
phy-mass spectrometry (GC-MS) analysis to determine the 
main active phytoconstituent(s).

Materials and methods
Phytochemical studies

Identification of plant materials 

Four plants – A. graveolens (fruit, coded as BEP-09), O. 
ficus-indica (fruit, BEP-10), B. serrata (resin, BEP-11), and C. 
myrrha (resin, BEP-12) (Fig. 1) – were identified and taxo-
nomically classified by an expert taxonomist (Dr. Mohamed, 
HAA, Department of Biology, Faculty of Sciences, Al-Baha 
University) and were compared to herbarium materials 
and different volumes of the flora of Saudi Arabia (49-51). 
Voucher herbarium specimen numbers (BUH-76,77,78, and 
79) were deposited at the Department of Biology of the 
Faculty of Science of Al-Baha University.

FIGURE 1 - Opuntia ficus-indica (L.) Miller (BEP-10) grows in the  
Al-Baha area, KSA.

Collection and extraction of plant materials 

Plant specimens were collected from different sites in 
Baljurashi province (Wadi El khaitan), Al-Baha area, in April 
2021. Fruits (1 kg) and resins (1 kg) were shade-dried and 
then powdered using a mechanical grinder. The dried materi-
als were macerated in 80% ethanol v/v) for 1 week at room 
temperature. The resulting residues were filtered, pooled, 
and evaporated to dryness to provide viscous green to brown-
ish syrups. The crude extracts, so obtained, were transferred 
to a Petri plate, allowed to dry, and finally weighed. 

The percentage of yield was calculated using the formula: 
yield% = (Afforded extract weight)/(Air-dried weight) × 100.

The plants yielded extracts weighing 1.53, 1.73, 1.62, and 
2.17 g, respectively.

GC-MS analysis

The dried fruits of O. ficus-indica (L.) Miller (BEP-10) were 
dissolved in methanol to reach a concentration of 1 mg/mL 
and diluted 1:10 v/v in methanol (100 μg/mL). The diluted 
sample was analysed using a GC-MS instrument (Thermo 
Scientific, USA) attached to a trace ultra-GC and ISQ detector 
and an AS 3000 autosampler. The separation of components 
was carried out using a TR-5MS column (Thermo Scientific, 
USA) with a length of 30 cm, a diameter of 0.25 mm, and a 
film thickness of 0.25 mm. Helium was used as a carrier gas 
at 1.2 mL/min with constant flow. The injection port was set 
at 32°C for 5 minutes, followed by a ramp to 205°C at a rate 
of 5°C/min and a hold time of 5 minutes. This was followed 
by a ramp to 280°C at a rate of 5°C/min and hold time of  
5 minutes and at the end to 300°C at a rate of 5°C/min and a 
hold time of 5 minutes. The maximum oven temperature was 
set at 320°C. A volume of 2 μL diluted extract was injected 
into the system in split mode with the mass spectrometer run 
in electron ionization mode with 0.6 scan periods throughout 
the mass range of 60-900 amu (minutes). Both the tempera-
ture of the MS ion source and the transfer line were adjusted 
to 320°C and 350°C, respectively, using a 1 kV electron mul-
tiplier voltage.

Identification of phytoconstituents

 Xcalibur software was used for mass spectral data analy-
sis and the fragmentation patterns of each constituent were 
matched with MS data in the instrument database and built-in 
libraries including MAINLIB, NIST, and REPLIB. The phytocom-
pounds present in the extract were identified by comparing 
them with the structures available in the computer library, 
and the percent abundance of each component was deter-
mined using the peak area as reference. The reported bio-
logical properties of the detected compounds are based 
on data from Duke’s Phytochemical and Ethnobotanical 
Database (52).

Cancer cell studies

Cancer cell culture

In this study, three cancer cell lines, MCF7 (human breast 
adenocarcinoma), HT29 (human colorectal adenocarcinoma), 
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and HepG2 (human liver adenocarcinoma), were used, in 
addition to MRC5 (normal human foetal lung fibroblast), all 
were from American Type Culture Collection (ATCC), USA. 
Three cancer cells were subcultured in RPMI-1640 medium 
(10% foetal bovine serum (FBS)), while MRC5 was preserved 
in Eagle’s Minimum Essential Medium (EMEM, 10% FBS) – all 
at 37°C, 5% CO2, and 100% relative humidity, for a maximum 
of 5-10 passages.

Cytotoxicity and selectivity studies 

The cytotoxic effect of four extracts, in addition to doxo-
rubicin and camptothecin, was evaluated by the MTT assay, 
as reported by Alsanosy et al (53) and Abdalla et al (54). Each 
cell line was cultured separately in 96 wells (3 ×103/well) and 
incubated with each of the extracts or doxorubicin at a final 
concentration of 0-100 μg/mL, for 3 days at 37°C overnight 
(dimethyl sulfoxide (DMSO) 0.1%; n = 3 of three indepen-
dent experiments). After 3 days of incubation, the cytotoxic-
ity of each extract was evaluated using an MTT assay. MTT 
was added to each well in culture medium at a concentra-
tion of 0.5 mg/mL and incubated for 3 hours at 37°C. The 
MTT solution was removed and the formazan granules were 
dissolved by DMSO. The absorbance was read on a mul-
tiplate reader (BIORAD, PR 4100, Hercules, CA, USA). The 
optical density of the purple formazan A550 is proportional to 
the number of viable cells. The extract concentration caus-
ing 50% inhibition (IC50), compared to the control group, 
100% cell growth, was estimated using GraphPad Prism. The 
selectivity index (SI) for the five extracts was calculated by 
dividing its IC50 for MRC5 cells by the IC50 for MCF7, HT29, or 
HepG2 cells.

Clonogenic assay 

The clonogenic assay measures tumour cell survival and 
subsequent proliferative ability after drug exposure (55). The 
extract (BEP-10) was selected for a further clonogenic test, as 
it showed the highest selectivity to the normal cell line MRC5. 
Exponentially growing HepG2 cells in DMEM (supplemented 
with 10% FBS and 1% penicillin/streptomycin) were seeded in 
duplicates at a density of 200 cells/well in a 6-well plate and 
allowed to attach overnight and then exposed to an increasing 
concentration of BEP-10 (0, 0.75, 1.5, 2.25 µg/mL) for 72 hours. 
The wells containing the extract were then replaced with fresh 
media without the extract. The cells were left to grow at 37°C, 
5% CO2, and 100% humidity. Daily wells were checked and the 
cells that form colonies were roughly counted. After 14 days, 
plates were rinsed in phosphate-buffered saline and fixed with 
pre-chilled methanol at room temperature for 20 minutes, 
then stained with 0.5 methylene blue in 1:1 methanol/H2O 
(v/v) for 10 minutes, washed thoroughly in dH2O, and air dried. 
Cell colonies were counted and recorded macroscopically.

Ethics approval of the study

According to the standards of Al-Baha University, all 
funded project proposals have undergone a critical review 
followed by approval by relevant scientific research commit-
tees before acceptance.

Results 
Phytochemical studies

The four plant extracts produced the following yields: 
BEP-09 (15.3%), BEP-10 (17.3%), BEP-11 (16.2%), and BEP-13 
(21.7) from fruits and resins (Fig. 2). 

FIGURE 2 - Yield % of dry extracts obtained after ethanolic extrac-
tion and evaporation of four different selected plants. C; control, 
***; p ≤ 0.001.

Identification of phytoconstituents using GC-MS

Investigation of the GC-MS chromatogram (see the 
supplementary file) of the fruits of the Miller plant O. ficus-
indica (L.) (BEP-10 extract) indicated the presence, mainly, 
of eight small polar molecules (18) (Tab. 1 and Fig. 3). 

FIGURE 3 - Structures of chemical constituents identified by gas 
chromatography-mass spectrometry for the fruits of Opuntia ficus-
indica (L.) Miller (BEP-10 extract).
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TABLE 1 - Phytoconstituents identified by GC-MS analysis of the extract of Opuntia ficus-indica (L.) Miller (BEP-10)

Compound Formula Molecular 
weight

Peak 
area 
(%)

Retention 
time 

(minutes)

Biological activity

 (1) �5-(hydroxymethyl)-2-
furancarboxaldehyde

C6H6O3 126.11 13.2 5.875 Known�to�be�associated�with�antimicrobial�
properties�(56)�used�as�an�antifungal�(57)

 (2) �1-(4′-Hydroxyphenyl)-2-propanone C9H10O2 150.17 2.52 7.752 Exhibits�a�myriad�of�pharmacological�actions,�such�
as�antimicrobial,�antitussive,�antispasmodic,�and�
anticancer�properties�(58)

 (3) �4-Butyl-phenol� C10H14O 150.22 2.93 8.011 No�significant�report

 (4) �1,6-Anhydro-beta-D-glucopyranose C6H10O5 162.14 5.31 8.328 No�significant�report

 (5) �Ethylalpha-d-glucopyranoside C8H16O6 208.09 4.60 9.245 Maintenance�and�improvement�of�skin�
homeostasis�and�moisturizing�functions�(59)

 (6) �Benzeneacetic� acid,� 4-hydroxy-,�
methyl�ester

C9H10O3 166.06 4.66 9.438 -

 (7) �3-Deoxy-d-mannonic�acid C6H12O6 180.16 6.43 9.651 -

 (8) �5-(2-Furyl)-3-methyl-penta-2,4-
dienoic acid

C10H10O3 178.18 3.1 9.843 -

 (9) �n-Hydroxydecanoic�acid C16H32O2 256.42 1.89 11.347 As�anti-inflammatory�(60),�cytotoxic�activity�(61)

(10) �Hexadecanoic� acid,� 2-hydroxy-1-
(hydroxymethyl)ethyl�ester

C19H38O4 330.50 3.01 14.656 -

(11) �Stigmast-5-en-3-ol C29H50O 414.71 1.54 23.313 Apoptotic�and�antiproliferative�effects�(62)

GC-MS�=�gas�chromatography-mass�spectrometry.

These molecules represent 73% of the total identified com-
pounds. The rest (27%) were the non-polar constituents 
represented by compounds 9‒11. Therefore, polar mol-
ecules constitute >40% of the peak area % relative to the 
total peak area % of the components that existed in BEP-10 
extract. In contrast, non-polar residues represented only 8% 
of the total peak area % of the components that existed in 
BEP-10 extract. 5-(Hydroxymethyl)-2-furancarboxaldehyde 
(1) was found to be the main molecule in BEP-10 extract 
(13.2%). The other furan derivative (8) was found to have 
a peak area % of 3.1. Thus, furan derivatives represent the 
main component of BEP-10 extract (Fig. 4) while phenolic 

derivatives represented by compounds 2, 3, and 6 came at 
the second level (peak area % = 10.05) with carbohydrates 4 
and 5 (peak area % = 9.91). 

Cytotoxicity and cell line selectivity studies

The four extracts showed a variable IC50 ranging from 0.75 
to 19.32 μg/mL. The most active extract was BEP-10 against 
HepG2 cells, and showed ~4.5-fold selectivity compared to 
normal MRC5 cells. The selectivity of the extract BEP-10 was 
greater than that of doxorubicin and camptothecin (Tabs. 2 
and 3). 

FIGURE 4 - Peak areas (%) 
for the major components of 
Opuntia ficus-indica (L.) Miller 
(BEP-10 extract).
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TABLE 3 - Selectivity index of the five extracts, doxorubicin, and 
camptothecin, against normal MRC5 cells 

Extract MRC5 HT29 HepG2

BEP-09 0.49 0.36 0.57

BEP-10 1.80 0.57 4.47

BEP-11 0.64 0.67 0.77

BEP-12 0.53 0.45 0.91

Doxorubicin 78.57 2.96 2.73

Camptothecin 13.80 0.47 1.55

Clonogenic effect of the extract BEP-10 against HepG2 cells

The extract BEP-10 was tested for its possible clonogenic 
effect against HepG2 liver cancer cells. The extract revealed 
a dose-dependent clonogenic activity against a dose-depen-
dent effect against HepG2 cells that was comparable to the 
effect of doxorubicin on the same cancer cells (Fig. 5). 

Discussion
Fruits and resins have interesting medicinal uses. In vitro 

anticancer activity, cell line selectivity, and clonogenicity were 
considered as a useful trend to scavenge for a useful natural 
therapeutic agent(s) with putative anticancer property.

The extract of O. ficus-indica (fruits; BEP-10) yielded 
17.3%. This indicates the high amounts of constituents that 
are expected to be available in these fruits.

The MTT assay of the four extracts showed a vari-
able IC50 ranging from 0.75 to 19.32 μg/mL comparable to 
both standards: doxorubicin (IC50 = 1.40) and camptothecin  
(IC50 = 1.11), respectively. Fruits appear to be more effec-
tive than resins, because they showed lower IC50 values than 
those produced by standard drugs. These results were consis-
tent with those of Castañeda-Arriaga et al (14) who studied 
the antioxidant effect of this plant and found that its chelat-
ing compounds can reduce the harmful effects caused by the 
most reactive free radical existing immediately.

The resulting selectivity (~4.5 fold) of the most active 
extract BEP-10 against HepG2 cells compared to normal 
MRC5 cells was found to be higher than that of doxorubicin 
and camptothecin. The extract BEP-10 was considered for 

more cytotoxic and mechanistic studies. Selectivity indicates 
the ability of the extract to have a maximum effect on can-
cerous cells and a lesser effect on normal cells. This indicates 
both its safety and efficacy, and thus it can serve as a promis-
ing and useful drug candidate (63).

Due to its high selectivity for HepG2 liver cancer cells, 
the extract BEP-10 was chosen to test its possible clonogenic 
effect and showed a dose-dependent clonogenic effect com-
parable to the effect of doxorubicin in the same cells. The 
macroscopically counted cell colonies indicate the suppres-
sion ability of the active extract, which can be taken as evi-
dence to support the preliminary cytotoxicity and selectivity 
effects. A study by Terzo et al (21) revealed that the O. ficus-
indica fruit extract exerted significant antioxidant and anti-
inflammatory effects.

Correlating the cytotoxic activity of the most promising 
BEP-10 extract with its phytochemical constituents, GC-MS 
was performed and different classes of phytoconstituents 
were detected, including polar molecules (73%) and lipo-
philic constituents (27%). These have been reviewed as anti- 
inflammatory (64), antioxidant (65), and anticancer agents (66).

Our results showed that in compound 1, aldehyde 
5-(hydroxymethyl)-2-furancarboxaldehyde, the furan deriva-
tive was the main compound of the BEP-10 extract. The 
literature revealed that the medicinal properties of furan 
include anticancer, antidepressant, antianxiolytic, analgesic, 
anti-inflammatory, muscle relaxant, antihypertensive, anti-
arrhythmic, antimicrobial like antibacterial, antifungal, or 
antiviral (67), anti-ageing agents, anti-ulcer, antihistaminic, 
anticholinergic, antiparkinsonian, antidiuretic, and inhibition 
of sickle cell formation (68).

However, the GC-MS chromatogram showed three phe-
nolic derivatives (compounds 2, 3, and 6) that were classi-
fied as second contents in the BEP-10 extract. These findings 
were consistent with various studies such as the anticancer 
(69), anti-trypanosomal activity (70), antileishmanial, anti-
inflammatory and antimicrobial activities (71), and anti-neu-
roinflammatory and neuroprotective activities (72).

Conclusion 
The study concludes that the O. ficus-indica fruit (BEP-10) 

is widely distributed in the Al-Baha area and is locally consid-
ered a popular fruit. Its extract showed a significant cytotoxic 

TABLE 2 - Cytotoxic activity of the four extracts, doxorubicin and camptothecin, against three cell lines, and normal fibroblast (MTT 72 
hours, IC50, μg/mL ±SD, n = 3)

Extract MCF7 HT29 HepG2 Average* IC50 MRC5

BEP-09 6.00±1.61 8.20±0.57 5.20±0.58 6.47 2.94±0.71

BEP-10 1.85±0.73 5.85±0.23 0.75±0.11** 2.82** 3.34±0.41

BEP-11 16.93±0.66 16.07±0.11 14.07±1.04 15.69 10.77±0.54

BEP-12 16.53±0.43 19.32±0.64 9.60±0.82 15.15 8.72±1.56

Doxorubicin 0.07±0.01 1.98±0.10 2.15±0.15 1.40 5.86±0.35

Camptothecin 0.08±0.01 2.50±0.26 0.76±0.07 1.11 1.18±0.10

*Average�cytotoxicity�(IC50)�of�each�extract�against�the�three�cancer�cells.�**p�≤�0.01.
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effect, particularly against HepG2 liver cancer cells with high 
cell selectivity. 

Polar and lipophilic phytoconstituents were identified in 
the plant extract and could contribute to the investigated 
cytotoxic activity. The furan derivatives that are present as 
the main compound may play a vital role in the activity stud-
ied. Further research is required to obtain the profile of the 
drug candidate.
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Investigating the combinatory effect of Sclerocarya 
birrea with doxorubicin against selected colorectal 
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ABSTRACT
Introduction: Colorectal cancer incidences continue to increase annually, worldwide. Herbal plants with antipro-
liferative properties received research interest as agents that can be adjuvant therapies with chemotherapy drugs 
to enhance their efficacy and reverse drug resistance.
Methods: Sclerocarya birrea ethanolic (SBE) and aqueous (SBW) extracts combined with doxorubicin (DOX) 
against drug-sensitive and drug-resistant colorectal cancer cells were investigated for their potential adjuvant and 
drug resistance reversal. The extracts were assessed for their potential anticancer activities on HCT15 and HT29 
cell lines as well as their doxorubicin potentiating and drug resistance reversal effects respectively. The extracts 
were assessed for their cytotoxicity on normal 3T3-L1 fibroblast cells.
Results: Both SBE and SBW extracts exhibited no toxicity against normal 3T3 cells and showed low activity on the 
HT29 cell line. Contrarily, resistant HCT15 cells showed moderate to low activity with significantly higher inhibi-
tory concentration (IC)50 values. The combination of SBE with DOX and SBW with DOX resulted in antagonistic 
interactions, causing an increase in IC50 values for HT29 and HCT15 cells. In contrast, the combination of DOX and 
verapamil (VER) produced an additive effect, with no change in their IC50 values.
Conclusion: Based on the findings from the combination treatment, the SBE and SBW extracts demonstrated 
higher efficacy and synergistic effects combined with DOX at IC75 compared to the combination of DOX and VER, 
suggesting their potential as anticancer agents. However, further research on both the SBE and SBW extracts’ 
mechanisms of action and in vivo effects is warranted.
Keywords: Colorectal cancer, Doxorubicin drug resistance, Sclerocarya birrea, Synergy, Verapamil
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P-glycoprotein (P-gp) inhibitors, such as verapamil (VER), 
have been shown to increase intracellular DOX accumulation; 
however, their usage also at higher doses produces unfa-
vourable side effects, limiting their ability to treat patients 
with cancer (4). As a result, medicinal plants acquired atten-
tion as agents that can be used to potentiate the effect of 
conventional drugs at lower doses, thus minimizing the 
occurrence of drug resistance (5). The use of natural prod-
ucts in managing and treating colon cancer is extensively 
reported across various scientific studies that looked into in 
vitro and in vivo models (6-8). However, there is insufficient 
data on the effects of natural products to reverse or mitigate  
drug resistance, particularly doxorubicin resistance in colon 
cancer (9).

Sclerocarya birrea, also known as the Marula tree, is 
an African indigenous, dioecious tree belonging to the 
Anacardiaceae family (10). The fruits of the tree are com-
monly used for making food and alcoholic beverages, the 
leaves are traditionally used to treat heartburns, and the bark 
decoction of the tree is used to treat diarrhoea and abdomi-
nal pains (11). A study by Masoko et al showed that the etha-
nol extracts of the plant possess antifungal properties when 

Introduction
Colorectal cancer (CRC) is ranked third in cancer inci-

dences and second in terms of cancer fatalities, worldwide 
(1). According to the South African statistics, CRC is mostly 
ranked second in men and fourth in women. It tends to occur 
most frequently in White people (52%-54%), subsequently 
followed by African people (26%-28%), coloured people 
(14%-15%), and Indian people (4%-7%) (2). Conventional 
chemotherapy drugs, like doxorubicin (DOX) used for treat-
ing CRC, require higher doses for increased efficacy, which 
often leads to severe side effects in patients, drug resistance, 
and decreased treatment effectiveness (3). First-generation 
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used together with standard antifungals (12). Other stud-
ies revealed that the bark extracts of this plant had other 
pharmacological activities such as anticancer, antidiabetic, 
anti-inflammatory, anti-atherogenic as well as antioxidant 
activities (11,13). However, research on the combinatory 
effect of this plant with DOX is still lacking in CRC.

Therefore, the present study examined the possible anti-
tumour effects of ethanolic (SBE) and water (SBW) extracts 
of S. birrea bark. The synergistic, additive, or antagonistic 
effects of DOX when combined with ethanolic and water 
extracts from S. birrea bark have been evaluated in relation 
to selected human CRC cell lines. The effects have also been 
evaluated for reversing drug resistance against chemoresis-
tant CRC cell lines.

Methods
Plant material collection and identification

The plant was collected by Rangers of Zuka in the Northern 
KwaZulu-Natal Private Conservancy, KwaZulu-Natal, South 
Africa. The South African National Biodiversity Institute docu-
mented the plant’s identification, which was indicated by its 
national tree number of 360. Following the harvest, the plant 
was washed to remove debris, dried at room temperature, 
and grounded into fine powder using an electric hammermill 
(Roff, Kroonstad, South Africa).

Preparation of S. birrea extract 

The extraction process was performed according to 
Mohammed et al (14) and Nyoni et al (15) with slight modifi-
cations. Accurately weighed 40 g of the dried plant material 
was extracted (24 hours × 3) in ethanol and distilled water, 
respectively, at a ratio of 1:5 w/v, at room temperature using 
a horizontal shaker (ABC Hansen Africa, South Africa). The 
extract was filtered using a Whatman filter paper and the 
filtrate was stored at 4°C. Thereafter, SBE extract was con-
centrated using a rotary evaporator (Buchi, South Africa) 
and SBW extract was dried using freeze-dryer (Buchi, South 
Africa). Both dried extracts were stored away from direct 
sunlight and moisture for further use. 

The percentage yield of both plant extracts was calcu-
lated using the below equation: 

= ×
mass of the dry extract

Percentage yield  100
mass of the sample 

Analysis of S. birrea extracts using thin layer chromatography

To determine the chemical fingerprint of the extracts, 
thin layer chromatography (TLC) analysis was conducted 
according to methods adopted from Masoko et al (12) and 
Abdulhamid et al (16). For each crude extract, 1 mg/mL stock 
solution was prepared by reconstituting each extract with 
the solvent of extraction. The following mobile phases were 
used for the analysis:

A. Benzene:methanol:ammonium hydroxide (90:10:1, v/v/v)
B. Dichloromethane:ethyl acetate:hexane (5:2:1 v/v/v)

TLC analysis
TLC was performed on aluminium TLC plates precoated 

with silica gel 60 PF254 (Thermo Fisher Scientific, South Africa). 
The plates were spotted with 20 µL of S. birrea extracts 
approximately 1 cm from the bottom edge of the plates. Both 
plates were kept into presaturated Shandon chromatographic 
tanks containing mobile phases at room temperature. All the 
samples were left to run for 30 minutes. Ultraviolet light was 
used to visualize the spots on TLC plates at 254 and 366 nm. 
The sample and solvent fronts of the separated spots were 
marked and measured, and a retention factor (Rf) was calcu-
lated using the equation below:

=
Distance travelled by spot

Rf
Distance travelled by solvent front

High-performance liquid chromatography analysis 

The analysis was performed on an Agilent 1100 high-
performance liquid chromatography (HPLC) system equipped 
with a diode array detector. In brief, 1 mg/mL stock solu-
tion was prepared by reconstituting each extract with the 
solvent of extraction. The stock solution was then filtered 
through a 0.45 µm filter. The liquid chromatography (Agilent 
1100 HPLC with a diode detector) analysis was performed 
on a Phenomenex Luna 5u C18 (2) column of 100 Å (150 × 
4.6 mm, 5 μm) with gradient elution and peaks measured at 
wavelength of 280 nm. The column oven temperature was 
set to 30°C, and the flow rate was 1.0 mL/min. The injection 
volume was 10 μL, and the dwell volume of the HPLC sys-
tem was 1.8 mL. Distilled water served as the mobile phase 
A and acetonitrile served as mobile phase B. The absolute 
run time was 40 minutes using the following multistep linear 
gradient: 0 minute, 95% A and 5% B; 7 minutes, 65% A and 
35% B; 12 minutes, 55% A and 45% B; 17 minutes, 50% A 
and 50% B; 27 minutes, final conditioning cycle of 95% A and 
5% B for 5 minutes was included before the next analysis. An 
OpenLab CDS ChemStation Edition Software was used for the 
result analysis.

Bioanalysis of S. birrea bark extracts, DOX, and VER

S. birrea extracts, DOX, and VER were evaluated against a 
normal human embryonic fibroblast cell line, drug-sensitive 
human colorectal adenocarcinoma cell line (HT29) and drug-
resistant human colorectal adenocarcinoma cell line (HCT15), 
to determine their cytotoxicity, anticancer, and resistant 
reversal effects. 

Cell culture
The cell lines 3T3-L1, HT-29, and HCT-15 were purchased 

from the American Type Cell Culture (ATCC, Manassas, 
Virginia). All the cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) supplemented with 10% foetal 
bovine serum (FBS) and incubated in a humidified incuba-
tor at 37°C with 5% CO2 and 95% atmosphere until 70%-80% 
confluency was reached. Details of cell lines used during the 
study are tabulated in Supplementary Table 1.
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Sample preparation

DOX and VER (positive controls) were prepared as stock 
solutions in dimethyl sulfoxide (DMSO) at concentrations of  
5 and 2 mg/mL, respectively. DOX working stock solutions 
were prepared at 5.0, 4.0, 3.0, 2.0, 1.0, 0.5, 0.25, 0.13, 0.06, 
and 0.03 µg/mL while VER working concentration range was 
200, 150, 100, 50, 25, 12.5, 6.25, 3.13, 1.56, and 0.78 µg/mL. 

Ethanol (60 mg/ml) and water (50 mg/ml) extracts stock 
solutions were prepared in DMSO and DMSO:H2O at a ratio 
of 1:1 (v/v), respectively. A range of working concentrations 
were prepared for ethanol extract at 400, 300, 200, 100, 50, 
25, 12.5, 6.25, 3.13, and 1.56 µg/mL while 500, 450, 400, 300, 
200, 100, 50, 25, 12.5, and 6.25 µg/mL were prepared for the 
H2O extract. All samples and positive controls were prepared 
in culture medium. 

Cytotoxicity assay and anticancer activity of the extracts 

The cytotoxicity of S. birrea extracts, DOX, and VER was stud-
ied to determine their inhibitory and anticancer activity on HT29 
and HCT15 cells, as well as their influence on embryonic 3T3 cell 
growth (normal cells) by MTT assay. The cells were treated with 
single treatment of SBE and SBW extracts and/or DOX and VER 
at various concentrations and incubated for a period of 72 hours.

MTT assay
MTT assay was performed to examine the cell viability. 

After 72 hours incubation period, 100 µL of MTT solution 
contained in 200 µL of fresh medium was added into each 
well and incubated for 3 hours at 37°C. After the incuba-
tion period was complete, purple formazan salts appeared 
in the bottom of the wells. Thereafter, a microplate reader 
(Multiskan GO, Thermo Fisher Scientific, South Africa) was 
used to read the absorbances of each plate at 570 nm, which 
were used to calculate growth inhibition values and further 
determine the inhibitory concentration (IC)50 values of the 
test samples.

Selectivity index

The selectivity index (SI) is an estimate of the ratio of the 
toxic concentrations in the test sample relative to its optimal 
bioactive concentration. Establishing the SI value is impor-
tant for determining whether further work can be continued. 
It is given by the equation below and an SI value ≥3 indicates 
that the test sample can be further investigated (17):

 = 50

50

IC  (normal cells)
SI (cancer cells)

IC  (cancer cells)

Combination treatment of the selected cell lines  
with S. birrea extracts and the control drugs 

Combination treatment in HT29 cells 

The HT29 cells were seeded in a 96-well microplate (1.5 
× 104 cells/well), and exposed, in duplicates, to each agent 
alone (100 µL) and both (50 µL/agent) in combination. The 
cells were subjected to a total of five concentrations of half-
fold serial dilutions, with two concentration points above and 
below the IC50 values of each S. birrea extract, DOX, and VER. 

The treated plates were then incubated for 72 hours followed 
by MTT assay for cell growth inhibition determination. The 
IC50 of combination treatment was then determined to calcu-
late the combination index (CI).

Resistance reversal assay on HCT15 cells

A resistance reversal assay was performed on the drug-
resistant cell line HCT15 to determine cell growth inhibi-
tion after exposure to a combination of SBE extract + DOX, 
SBW extract + DOX, as well as the combination of VER + 
DOX. HCT15 cells were seeded in a 96-well microplate (1.5 ×  
104 cells/well) and treated with 100 µL of DOX or VER and/
or S. birrea extracts alone and also exposed to 50 µL of DOX 
combined with 50 µL of VER. The cells were also treated 
with 50 µL of DOX combined with 50 µL SBE as well as  
50 µL of DOX combined with 50 µL SBW followed by 72 hours 
incubation.

Analysis of combination cell treatment

Calculation of CI 

One of the most used ways to evaluate whether the com-
bined effect of S. birrea extracts and DOX is effective is to 
determine a CI that is calculated from Chou-Talalay’s method 
on CompuSyn software (Online) using absorbance values 
from MTT assay (18). The computer software CompuSyn and 
the equation is used to calculate the CI. 

= +50

50

50

50

IC  of doxorubicin in combination
CI

IC  of doxorubicin alone
IC  of     extract in combination

IC of extract  alone
S. birrea

S. birrea

Calculation of dose reduction index

Dose reduction index (DRI), also known as the reversal 
ratio or the cytotoxicity enhancement ratio, is a measure of 
how many times the dose may be reduced when compared 
to the doses of each drug when used separately (18), which 
is calculated as follows:

=
50

IC50 of cytotoxic drug alone
DRI

IC  of cytotoxic drug in combination with 
combination partner

Calculation of cell growth inhibition percentage 

The following equation was used to calculate the cell 
growth inhibition (19) percentage:

Percentage cell growth inhibition = 
 − −   −

1
At Ab
Ac Ab

 × 100

where Ab = absorbance value of the blank, At = absor-
bance value of the test compound, and Ac = absorbance 
value of the control. 

Drug combination evaluation using Bliss independence model

To determine whether the anticancer effect of combin-
ing two drugs targeting different biological pathways shows 

http://www.combosyn.com/
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a synergistic effect of drug combinations, a bliss independent 
model was used, which employs average response measure-
ments at each combination dosage. The bliss independence 
model was accessed using Online. 

Statistical analysis

The data was expressed as means ± standard error of the 
mean (SEM) of three independent experiments. Results were 
analysed using Microsoft Excel for anticancer and resistance 
reversal activity and graphs for anticancer were generated 
from GraphPad Prism version 8, 2008 software (GraphPad 
Software, Inc., La Jolla, CA, USA). For CI interactions and the 
dose-response index, the computer software CompuSyn was 
used. Synergy finder was used to determine the synergy dose 
points at 95% confidence interval and the level of significance 
was determined at p values ≤0.05.

Results and discussion
Plant extraction

S. birrea bark was extracted using cold ethanol and dis-
tilled water. The SBE extract yield was found to be 12.75% 
and resulted in a sticky, dark brown, dry extract, while the 

SBW extract resulted in a brown, spongy powder with a per-
centage yield of 11.43%.

TLC analysis
TLC analysis was performed to obtain a chemical finger-

print of different compounds that separated in the S. birrea 
extracts using different mobile phases. Supplementary 
Figure 1 shows TLC bands obtained from the SBE extract 
using two mobile phases. The mobile phase as depicted 
in Supplementary Figure 1A resulted in yielding a total of 
four bands with Rf values ranging from 0.4 to 0.9, while the 
mobile phase as shown in Supplementary Figure 1B resulted 
in yielding five bands with Rf values ranging from 0.2 to 0.9 
(Supplementary Tab. 3). SBW extract couldn’t give good sep-
aration on TLC plates in aforementioned mobile phase.

High-performance liquid chromatography

HPLC was performed to obtain the chemical fingerprint 
of the separated compounds from S. birrea bark extracts. 
Figure 1 shows the chromatogram of the SBE extract super-
imposed with the standard chromatogram of gallic acid at 
220 nm, while Figure 2 shows the chromatogram peaks of 

FIGURE 1 - Chromatogram peaks 
of the SBE extract superimposed 
with the chromatogram of gallic 
acid. The HPLC conditions were 
as follows: The column oven tem-
perature was set to 30°C; flow 
rate was 1.0 mL/min; injection 
volume was 10 μL; and the dwell 
volume of the HPLC system was 
1.8 mL. HPLC = high-performance 
liquid chromatography; SBE = 
Sclerocarya birrea ethanol.

FIGURE 2 - Chromatogram peaks 
of the SBW extract superimposed 
with the chromatogram of gallic 
acid. The HPLC conditions were 
as follows: The column oven tem-
perature was set to 30°C; flow 
rate was 1.0 mL/min; injection 
volume was 10 μL; and the dwell 
volume of the HPLC system was 
1.8 mL. HPLC = high-performance 
liquid chromatography; SBW = 
Sclerocarya birrea water.

https://synergyfinder.fimm.fi/
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FIGURE 3 - Anticancer effect 
of SBE (A), SBW (B), DOX (C), 
VER (D) on HT29 cell line. DOX 
= doxorubicin; SBE = Scleroca-
rya birrea ethanol; SBW = Scle-
rocarya birrea water; VER =  
verapamil.

FIGURE 4 - Anticancer effect of 
SBE (A), SBW (B), DOX(C), VER 
(D) on HCT15 cell line. DOX = 
doxorubicin; SBE = Sclerocarya 
birrea ethanol; SBW = Scle-
rocarya birrea water; VER =  
verapamil.

the SBW extract superimposed with the chromatogram of 
gallic acid at 220 nm. Therefore, chromatograms indicate the 
possible presence of gallic acid in both plant extracts.

Anticancer effect of VER, DOX, and S. birrea bark extracts 

S. birrea extracts, VER, and DOX were tested for their cyto-
toxicity against drug-sensitive HT29 and drug-resistant HCT15 
cell lines to determine their anticancer activity by MTT assay. 

The SBE extract induced an anticancer effect on both 
HT29 and HCT15 cells in a dose-dependent manner with the 
higher inhibition of ~70% and ~80% at 400 µg/mL and low-
est percentage inhibition of ~1% and ~15% at 1.56 µg/mL  
(Figs. 3A and 4A) with an IC50 value of 157.46 ± 0.23 and 
50.67 ± 1.61 µg/mL, respectively (Tab. 1). In addition, the 

SBW extract also induced growth inhibitory effects in HT29 
and HCT15 cell lines in a dose-dependent manner with the 
highest percentage inhibition of ~80% and ~60% at 500 
µg/mL and lowest percentage inhibition of ~5% and ~10% 
recorded at concentrations of 6.25 µg/mL (Figs. 3B and 4B). 
The IC50 value of the SBW extract was 181.80 ± 0.41 µg/mL in 
HT29 cells and 438.42 ± 0.12 µg/mL in HCT15 cells as shown 
in Table 1.

DOX demonstrated anticancer effect on both HT29 and 
HCT15 cells with the higher percentage inhibition of 80% on 
both cell lines at 5 µg/mL and lowest percentage inhibition of 
19% (on HT29) and 17% (on HCT15) at 0.03 µg/mL (Figs. 3C 
and 4C) with an IC50 value of 0.45 ± 0.10 and 1.34 ± 0.1 µg/mL, 
respectively (Tab. 1). In addition, VER also exhibited an anti-
cancer effect on both the aforementioned cell lines (Figs. 3D 
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and 4D) with the highest percentage of ~99% inhibition at a 
concentration of 200 µg/mL whereas the lowest percentage 
inhibition was ~20% at a concentration of 0.3 µg/mL for HT29 
and HCT15, respectively. Furthermore, the IC50 of VER on HT29 
cells obtained was 2.78 ± 0.46 µg/mL while VER on HCT15 cells 
was 8.75 ± 2.03 µg/mL (Tab. 1).

TABLE 1 - The IC50 values of the drugs and Sclerocarya birrea extracts

Cell 
type

DOX  
(µg/mL)

VER  
(µM)

SBE extract 
(µg/mL)

SBW extract 
(µg/mL)

HT29 0.45 ± 0.10 2.78 ± 0.46 157.46 ± 0.23 181.80 ± 0.41

HCT15 1.34 ± 0.1 8.75 ± 2.03 50.67 ± 1.61 438.42 ± 0.12

DOX = doxorubicin; IC = inhibitory concentration; SBE = Sclerocarya birrea 
ethanol; SBW = Sclerocarya birrea water; VER = verapamil.

Combination treatment of the S. birrea extracts with DOX 
and DOX with VER on HT29 cell line

SBE and SBW extracts were also subjected to combination 
treatment with DOX and DOX with VER (control) to examine 
their interaction against HT29 cells. The nature of interaction 
was evaluated using CI values from CompuSyn, which gives 
a quantitative definition of an additive interaction, that is, 
when the CI value is 1.00; a synergistic interaction when the CI 
value is ˂1; and an antagonistic interaction when the CI value 
is ˃1.15 at IC50, IC75, IC90, and IC95. The combination treatment 
was also performed to determine the DRI of the test samples 
at IC50, IC75, IC90, and IC95 in order to determine how much 
the doses of each test samples in combination were reduced 
to achieve effect levels that were comparable with those 
achieved with single test samples. The IC and CI values of the 
combined treatment of VER and DOX, S. birrea extracts, and 
DOX against HT29 cells are shown in Supplementary Table 4. 
The combined treatment was also evaluated using synergy 
finder to determine synergistic dose points and their synergy 
scores from their percentage inhibition.

As seen in Supplementary Table 4, the combined treat-
ment of VER and DOX resulted in an additive effect with CI 
value of 1.0, while the IC50 values decreased from 3.04 to 
1.31 µg/mL for VER and 0.45 to 0.26 µg/mL for DOX. The 
decreased IC50 values were achieved by DRI with a magnitude 
2.3-fold and 1.7-fold for VER and DOX, respectively. However, 
IC75, IC90, and IC95 demonstrated normal to strong synergistic 
effects coupled with a significant decrease in the concentra-
tions of VER and DOX with greater DRI ratios, which indicated 
that there was reduced toxicity.

Three synergistic dose points were obtained with their 
synergy scores as well as their inhibition scores in the com-
bination treatment of DOX and VER against HT29 cells. 
The highest synergy score recorded was 6.84 yielded by 
the combination of 0.11 µg/mL of DOX and 4.76 µg/mL of 
VER with a cell growth inhibition percentage of 57.85% as 
shown in Figure 5. The second synergistic dose points were  
1.19 µg/mL of VER and 1.8 µg/mL of DOX with a synergy 
score of 2.56 and an inhibition percentage of 82.07%. The 
third synergistic dose points were found from the combi-
nation of 0.6 µg/mL of VER and 1.18 µg/mL of DOX with a 
synergy score of 0.99 and an inhibition percentage of 73.2%. 

Other dosage points resulted in antagonistic scores and one 
additive score of 0.43. 

SBE extract and DOX combinations exhibited normal 
to strong antagonistic effects from IC50 to IC95 as depicted 
in Supplementary Table 5. The DRI values of both the drug 
and the ethanol extract decreased drastically while synergy 
finder analysis showed no synergistic scores obtained from 
the combination of the ethanol extract and DOX as shown in 
Figure 5.

Combinations of the SBW extract and DOX yielded 
antagonistic interactions (CI of 2.5) while both IC50 values 
were increased by a magnitude of 0.3-fold and 0.4-fold for 
SBW extract and DOX, respectively (Supplementary Table 6). 
Contrarily, IC75, IC90, and IC95 resulted in normal synergistic to 
strong synergistic interactions with CI values of 0.97, 0.37, 
and 0.19, further attributed by a significant decrease in the 
concentrations of both the drug and the extract. Synergy 
finder analysis showed that this combination yielded no 
synergistic scores as shown in the bliss heatmap diagram in 
Figure 5.

Combination treatment of the S. birrea extracts with DOX 
and DOX with VER on HCT15

SBE and SBW extract of S. birrea were also subjected to 
combination treatment with DOX and DOX with VER (control) 
to examine their interaction against HCT15 cells. The nature 
of interaction was evaluated using CI values (as mentioned 
above) from CompuSyn. The combination treatment was also 
performed to determine the DRI of the test samples at IC50, 
IC75, IC90, and IC95 in order to determine how much the doses 
of each test samples in combination were reduced to achieve 
effect levels that were comparable with those achieved 
with single test samples. The IC and CI values of the com-
bined treatment of VER and DOX, S. birrea extracts, and DOX 
against HCT15 cells are shown in Supplementary Table 7 and 
Supplementary Table 8, respectively. The combined treat-
ment was also evaluated using synergy finder to determine 
synergistic dose points and their synergy scores from their 
percentage inhibition.

The combined treatment of VER and DOX resulted in 
an antagonistic effect with CI value of 1.33 coupled with 
decreased IC50 values of VER (6.6 to 0.38 µg/mL) and DOX 
(2.99 to 0.33 µg/mL) by DRI magnitudes of 2.64-fold and 0.46-
fold as shown in Supplementary Table 7. At IC75, IC90, and IC95, 
a strong synergistic interaction was observed when the two 
drugs were used against HCT15 cells (CI = between 0.3 and 
0.09), which indicates that resistance reversal activity was 
observed from the combination treatment of these control 
drugs. According to the bliss heatmap model, there were ten 
synergy scores obtained from different concentrations of the 
combination treatment of DOX and VER as shown in Figure 6. 

Combination of the SBE extract and DOX yielded an 
antagonistic effect (CI of 3.75) with increased IC50 value of SBE 
extract (49.35 to 89.86 µg/mL) and DOX (0.68 to 1.32 µg/mL)  
by DRI ratios of 0.54-fold and 0.51-fold, respectively, as 
depicted in Supplementary Table 8. Moreover, strong syner-
gistic interactions were demonstrated from IC75 to IC95, with CI 
values ranging from 0.001 to 0.26, which suggests that drug 
resistance was reversed. Additionally, two synergistic dose 
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points were obtained from this combination (Fig. 6), one 
from 40.84 µg/mL of the extract and 0.312 µg/mL of DOX 
with a synergy score of 4.7 and a highest synergy score of 
6.63 was yielded by the combination of 40.84 µg/mL of the 
extract and 0.612 µg/mL of DOX with an inhibitory percent-
age of 73.57%.

The combinatory effect of the SBW extract and DOX 
yielded strong antagonistic interactions from IC50 to IC95. The 
DRI ratios were decreased drastically while no synergistic 
dose points were recorded using synergy finder analysis as 
shown in Supplementary Table 9 and Figure 6.

The dose-response curve illustrates the combined effect 
of the drugs and S. birrea extracts in the supplementary data 
sheet depicted as the bliss independence model synergy map 
for each combination treatment.

Cytotoxic effects of test samples against 3T3 cell line

To comprehend the cytotoxic effects of the experimental 
samples, 3T3 cells were subjected to escalating doses of DOX, 
VER, SBE, and SBW extract. The assessment of cytotoxicity 
for the test samples was conducted through the MTT assay 

FIGURE 5 - Heatmap diagrams 
generated using synergy finder. 
Heatmap diagram illustrating 
the inhibition percentages of the 
combination of the SBE extract 
and DOX (A), SBW extract and 
DOX (C), and VER and DOX (E) 
on HT29 cell line, while the bliss 
heatmap diagram shows syner-
gistic, antagonistic, and additive 
scores between the dose points 
of the combination of SBE ex-
tract and DOX (B), combination 
of SBW extract and DOX (D), and 
combination of VER and DOX (F) 
on HT29 cell line. DOX = doxoru-
bicin; SBE = Sclerocarya birrea 
ethanol; SBW = Sclerocarya bir-
rea water; VER = verapamil.
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during a 72-hour incubation period. In general, the results 
indicated that the SBE and SBW extracts exhibited a greater 
impact on normal cell susceptibility compared to DOX and 
VER. Notably, cell viability demonstrated a dose-dependent 
decrease across all the test samples. DOX decreased the cell 
viability of normal cells when treated with a concentration 
range of 1-5 µg/mL and showed significant toxic effects on 
3T3 cells with an IC50 value of <1 (Tab. 2). Similarly, 3T3 cells 

treated with VER (at concentration range of 25-100 µg/mL) 
also showed toxic effects with an IC50 of 0.14 µg/mL (Tab. 2). 
SBE did not show toxic effects on the normal cell lines as it 
had an IC50 of 80.38 ± 4.09 µg/mL (Tab. 2). Moreover, the SBW 
extract showed less toxicity (IC50 in 290.62 ± 48.37 µg/mL) on 
the normal cells compared to the SBE extract (Tab. 2). 

From the combinations analysis, cytotoxicity was only 
evaluated on the 3T3 cells using the strongest synergistic 

FIGURE 6 - Heatmap diagrams 
generated using synergy fin-
der. Heatmap diagram illustra-
ting the inhibition percentages 
of the combination of the SBE 
extract and DOX (A), SBW ex-
tract and DOX (C), and VER and 
DOX (E) on HCT15 cells, whi-
le the bliss heatmap diagram 
shows synergistic, antagoni-
stic, and additive scores and 
between the dose points of 
the combination of SBE extract 
and DOX (B), combination of 
SBW extract and DOX (D), and 
combination of VER and DOX 
(F) on HCT15 cells. DOX = doxo-
rubicin; SBE = Sclerocarya bir-
rea ethanol; SBW = Sclerocarya 
birrea water; VER = verapamil.
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dose points. Only combinations of VER and DOX as well as SBE 
extract and DOX yielded synergistic dose points. Therefore, 
the control inhibited the cell growth of 3T3 cells with IC50 
value of 58.18 ± 0.98 µg/mL while SBE and DOX combina-
tions yielded IC50 values of 55.54 ± 0.11 µg/mL. Compound 
selectivity is an essential criterion for chemotherapeutic 
evaluation. 

TABLE 2 - IC50 values and selectivity index of VER, DOX, and the 
extracts on 3T3 cells

Extract DOX  
(µg/mL)

VER  
(µg/mL)

SBW  
(µg/mL)

SBE  
(µg/mL)

IC50 <1 0.14 ± 0.04 290.62 ± 48.37 80.38 ± 4.09

DOX = doxorubicin; IC = inhibitory concentration; SBE = Sclerocarya birrea 
ethanol; SBW = Sclerocarya birrea water; VER = verapamil.

Discussion
The herbal plant extracts acquired increased attention as 

potential agents that can be used to potentiate the efficacy 
of conventional chemotherapy drugs when used in combina-
tion for the management of cancer (20). S. birrea possesses 
antitumour effects (21), which was investigated for its com-
bined effect with DOX against HT29 and HCT15 cell lines in 
this study. 

According to the National Cancer Institute, an extract is 
considered strongly active when the IC50 value is ˂20 µg/mL,  
moderately active when it is between 20 and 100 µg/mL, 
and inactive when the IC50 is greater than 100 µg/mL based 
on their cytotoxicity criteria (22). Based on the NCI crite-
rion, findings from this study showed that the SBE and SBW 
extract showed no activity against HT29 cells while growth 
inhibition was demonstrated in a dose-dependent manner. 
Moreover, the SBE extract showed moderate inhibition of 
HCT15 cells while the SBW extract demonstrated no activity. 
Both SBE and SBW extracts of S. birrea have been reported in 
the literature to contain high levels of bioactive compounds 
(e.g., polyphenols) with potential medicinal properties (11). 
The polyphenols are known to exhibit antioxidant activity, 
which is considered crucial in preventing cancer develop-
ment (23,24). The scavenging of free radicals by polyphenols 
may help prevent DNA damage, cell membrane damage, 
and oxidative stress, all of which can contribute to cancer 
development. Hence the presence of these compounds 
might be responsible for the remarkable anticancer activ-
ity observed for these extracts against the investigated CRC  
cells (25).

In addition, the extracts’ cytotoxic activity was assessed 
in normal 3T3 cells. It was observed that DOX and VER were 
toxic while the extracts displayed no toxicity towards the nor-
mal cells, particularly the SBW extract (IC50 value of 290.62 
± 48.37 µg/mL). According to a study by Russo et al (25),  
S. birrea extracts exhibited toxic effects at high concen-
trations, potentially due to the concentrated compounds 
found in the extracts, which results in cellular morphologi-
cal changes considered as the key evidence of cytotoxicity to 
natural compounds or plant extracts, along with metabolic 
dysfunctions, differentiation processes, and apoptosis.

We also investigated the combination of the inter-
calating agent DOX with VER and plant extracts in drug- 
sensitive and drug-resistant colon cancer cells. The study 
focused on the CI method (based on the multiple drug effects 
equation), the DRI, and the synergistic dose scores to evalu-
ate the combinatory effects in the cells. It is noteworthy to 
understand that one of the major objectives of synergistic 
drug combination is to reduce the dose of the cytotoxic drug, 
thereby reducing the toxicity while maintaining efficacy. The 
CI provides a quantitative definition of an additive effect or 
interaction, for example, a CI value of 1, <1, and >1 indicates 
additivity, synergism, and antagonism, respectively. The DRI 
is a measure of how many folds a combination treatment 
reduces cytotoxicity dose (26). 

The co-treatment of VER combined with DOX (control) 
moderately inhibited HT29 cells’ growth and decreased the 
IC50 of VER and DOX from 3.04 and 0.45 µg/mL to 1.31 and 
0.26 µg/mL, respectively, thus indicating decreased sensi-
tivity of DOX. Interestingly, IC75 to IC95 resulted in a syner-
gistic effect ascribed by an increase in the DRI, which was 
also observed in both drugs indicating that sensitivity at 
higher concentrations is required to exhibit good combi-
natory effect. Moreover, the combination of VER and DOX 
also showed three synergistic scores of 0.99, 2.56, and 6.84, 
whereby the strongest synergy score of 6.84 was achieved 
with a significantly higher concentration of VER (4.76 µg/mL) 
and lower concentration of DOX (0.11 µg/mL).

In HCT15, this combination showed moderate inhibition 
of the cells and decreased the IC50 of VER and DOX from 
6.63 and 0.38 µg/mL to 2.99 and 0.33 µg/mL, respectively. 
Similarly, synergistic interactions were also depicted at IC75 
and IC95 ascribed by ten synergistic dose points ranging from 
1.3 to 17.21.

In HT29 cells, combinations of DOX with the SBE extract 
resulted in an antagonistic effect at IC50 with an increase in 
IC50 values from 0.35 and 140.09 µg/mL to 1.70 and 669.89 
µg/mL, respectively. However, only the SBW extract com-
binations seemed to have depicted synergistic interactions 
from IC75 to IC95 in comparison to the SBE extract combina-
tions that demonstrated antagonistic interactions. These 
results suggest the potentiation effects of each extract at IC50 
when used in combination with DOX compared to the control 
as they were coupled with significantly lower DRI ratios.

A similar behavioural pattern was demonstrated by com-
binations involving DOX and the SBE extract where strong 
synergism was observed from IC75 to IC90. This suggests that 
the SBE extract might potentially yield similar adverse effects 
to VER and thus cannot be considered as a resistant rever-
sal agent seeing that extremely higher concentrations are 
required to yield strong synergistic interactions.

The SBW extract did not show any resistance reversal 
activity based on its antagonistic effects recorded at all the IC 
ranges compared to combinations that include ethanol and 
VER. It was also observed that the DRI of the SBE extract and 
DOX increased when they were used in combination but the 
DRI of the SBW extract decreased drastically. According to 
the bliss heatmap diagram, two synergistic dose points were 
found from the combination of the SBE extract (40.84 µg/mL) 
and DOX (0.625 µg/mL) with a synergy score of 6.63, while 
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the combination of the SBE extract (40.84 µg/mL) and DOX 
(0.312 µg/mL) synergy score was found to be 4.7. The dosage 
for DOX was decreased twice in these synergistic dose points 
and according to Poofery et al a reduction in the dosage of 
the drug in combination treatment potentially lessens toxic-
ity and adverse side effects and subsequently reverses drug 
resistance (27).

Conclusion 
In this study, the combined effects of S. birrea extracts 

and DOX were examined on CRC cell lines, with a particu-
lar focus on sensitive and resistant cell types. Various com-
pounds were identified within the plant extracts, with gallic 
acid being the most abundant and known for its anticancer 
properties. It was found that both SBE and SBW extracts were 
non-toxic to normal 3T3 cells at the concentrations tested. 
The efficacy of SBW and SBE extracts against sensitive HT29 
and resistant HCT15 cells revealed that the SBE extract exhib-
ited a more substantial anticancer effect compared to SBW. 
Furthermore, a synergistic effect was observed when com-
bining SBE or SBW extract and DOX at higher concentrations 
of each extract, implying that concomitant use of S. birrea 
and DOX should be closely monitored, and DOX dosage 
adjusted as needed to achieve maximum therapeutic ben-
efits while minimizing potential side effects. These findings 
indicate the need for further research on the SBE extract to 
investigate its potential as an anticancer agent in vivo, as well 
as to elucidate its underlying mechanisms of action. While 
some combinations of S. birrea extracts with doxorubicin 
showed synergistic or additive effects, other combinations 
exhibited an antagonistic effect, meaning that the extracts 
actually decreased the efficacy of the standard anticancer 
drug. The antagonistic effect could be due to various factors, 
such as interactions between the components of the extracts 
and doxorubicin, which could alter the pharmacokinetics or 
pharmacodynamics of the drug.
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ABSTRACT
Objectives: To assess through an indirect treatment comparison (ITC) the potential benefit of faricimab over the 
anti-vascular endothelial growth factor (VEGF) real-life scenario, hereby defined standard of care (SoC), in Italy, 
that is, aflibercept, bevacizumab, and ranibizumab, in patients with neovascular age-related macular degenera-
tion (nAMD) naïve to any anti-VEGF treatment.
Methods: Individual patient-level data from the phase III clinical trials TENAYA and LUCERNE (faricimab cohort) 
and the real-world study RADIANCE (RADIANCE cohort) were used. Efficacy was evaluated with changes in 
best corrected visual acuity (BCVA) and central subfield thickness (CST) from baseline to 1 year (week 52 in the 
RADIANCE and week 48 in the faricimab cohorts, respectively). Propensity score-based inverse probability of 
treatment weighting was utilized to balance cohorts and mitigate bias due to potential confounding. Sensitivity 
analyses were performed to evaluate treatment differences adjusted for the number of injections.
Results: The ITC included 513 patients treated with faricimab and 263 patients treated with SoC. At 1 year, farici-
mab showed a greater mean BCVA gain (treatment difference +5.4 letters, p<0.001) and CST reduction (treatment 
difference −71.8 μm, p<0.001) compared to SoC. Sensitivity analyses confirmed the robustness of results, show-
ing a BCVA improvement of +4.0 letters and a CST reduction of −71.5 μm in favor of faricimab.
Conclusions: Despite the limitations due to the use of ITC and the comparison between clinical trials and real-
world cohorts, the present analysis suggests potential benefits in terms of vision gain and CST reduction in naïve 
nAMD patients treated with faricimab compared with SoC in a real-world setting.
Keywords: Faricimab, Indirect treatment comparison, nAMD, Vascular endothelial growth factor A
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Neovascular AMD (nAMD) is an advanced form of AMD 
characterized by the development of subretinal new ves-
sels that may lead to leakage, accumulation of fluid intra- 
and subretinally, macular edema, hemorrhage, and serous 
detachments of the retinal pigment epithelium. Angiogenesis 
and increased vascular permeability are mainly caused by an 
abnormally high expression of vascular endothelial growth 
factor (VEGF) (4-8). Over the last couple of decades, the 
treatment of nAMD has evolved, gradually shifting from laser 
therapy to the use of anti-VEGF intravitreal injections. Anti-
VEGF agents have proven to be effective for the manage-
ment of patients with nAMD, removing exudative fluid from 
the retina, suppressing the formation of leaking new blood 
vessels, and improving or maintaining visual acuity (VA) over 

Introduction
Age-related macular degeneration (AMD) is the leading 

cause of blindness and visual impairment in elderly subjects 
(1-3). It is a chronic, multifactorial degenerative pathology 
affecting the macula, typically occurring after age 55 (1).
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time (9-17). In Italy, the prevalence of nAMD in individuals 
aged ≥55 was estimated at 4.6 per 1,000 inhabitants (18).

Currently, there is no single approach for anti-VEGF admin-
istration. The most common approaches are the reactive pro-
re-nata (PRN), the proactive treat-and-extend (T&E), and 
the fixed bimonthly regimen. In the reactive PRN approach, 
three-monthly loading doses are followed by adaptable dos-
ing based on monthly monitoring of VA and/or macular mor-
phology. In clinical practice, this approach has been associated 
with suboptimal outcomes and risk of undertreatment (19). 
The proactive fixed bimonthly dosing consists of bimonthly 
injections for at least 1 year (13,15) and has been shown to 
improve outcomes compared to PRN (20), although it is asso-
ciated with a considerable treatment burden (21).

In the proactive T&E regimen, anti-VEGF is administered 
at every visit. Following the loading phase, the treatment 
interval can be gradually extended or reduced based on ana-
tomic and VA status. This approach allows the extension of 
treatment intervals, reducing the overall number of visits and 
improving VA outcomes (20-26).

In 2023, faricimab, a novel bispecific antibody that simul-
taneously binds and neutralizes Ang-2 and VEGF-A, received 
approval by the European Medicines Agency (EMA) and reim-
bursement by Italian Medicines Agency (Agenzia Italiana 
del Farmaco—AIFA) for the treatment of adult patients 
with nAMD (27). In Italy, the currently available anti-VEGFs 
include aflibercept, ranibizumab, bevacizumab, and broluci-
zumab (28). Aflibercept, ranibizumab, and brolucizumab have 
received marketing authorization from EMA for the treatment 
of nAMD, while bevacizumab can be administered on an off-
label regimen according to the Law 648/96 (Law 648/96 
provides for the reimbursement of the medicinal product by 
the National Health Service when there is no valid therapeu-
tic alternative for innovative medicines authorized in other 
states but not in Italy, for medicines not yet authorized but 
undergoing clinical trials, and for medicines already autho-
rized in Italy, for indications other than authorized one) (29). 

Efficacy and safety of faricimab were evaluated in the 
randomized, double-masked, phase III, non-inferiority tri-
als TENAYA and LUCERNE (30) that randomized patients 
to receive faricimab 6.0 mg up to every 16 weeks (TENAYA  
n = 334, LUCERNE n = 331) or aflibercept 2.0 mg every  
8 weeks (TENAYA n = 337, LUCERNE n = 327). In both studies, 
faricimab was non-inferior to aflibercept in terms of change 
in best corrected VA (BCVA) from baseline averaged over 
weeks 40, 44, and 48, with mean changes of 5.8 letters (95% 
confidence interval, CI: 4.6 to 7.1) and 6.6 letters (95% CI: 
5.23 to 7.8) in TENAYA and LUCERNE, respectively. The treat-
ment difference was equal to 0.7 letters (95% CI: −1.1 to 2.5) 
in TENAYA and 0.0 letters (95% CI: −1.7 to 1.8) in LUCERNE.

RADIANCE is an Italian, retrospective, observational, mul-
ticenter cohort study (31) that aimed to describe the real-
world treatment patterns of available intravitreal anti-VEGF 
in Italy and the associated effectiveness. The study enrolled 
all consecutive anti-VEGF treatment-naïve subjects with a 
diagnosis of nAMD who initiated therapy with one of the 
available agents (i.e., aflibercept, bevacizumab, and ranibi-
zumab) between January 2017 and November 2018. The pri-
mary objective of the study was to evaluate the change in 

VA 52 weeks after starting treatment with any of the three 
agents. All VA measurements were converted to the approxi-
mate ETDRS letter score. Overall, after 52 weeks of treatment, 
the patients showed a median change in VA of 1.0 letter 
(25th-75th percentile: −5; +1.9). By stratifying VA changes by 
the number of injections per year, patients treated with >6 
injections in the first year of treatment showed a median VA 
improvement of 3 letters (25th-75th percentile: −1; 11), while 
no improvement was observed in patients treated with <2 
(median 0 letters, 25th-75th percentile: −2; 0) and 3-5 injec-
tions (median 0 letters; 25th-75th percentile: −5.0; +9.0). 

In this study an indirect treatment comparison using indi-
vidual patient-level data (IPD) was performed to evaluate 
the potential benefit of faricimab vs. the real-life scenario of 
intravitreal anti-VEGF monotherapies available at the time of 
analysis (namely aflibercept 2 mg, bevacizumab, and ranibi-
zumab, hereby defined standard of care—SoC) for nAMD 
patients in Italy.

Methods
An indirect comparison of the efficacy at 1 year of farici-

mab in two phase III clinical trials and the corresponding effec-
tiveness of anti-VEGF in a real-world study was performed 
on patients with nAMD matched through propensity score 
(PS) weighting. Efficacy was assessed in terms of change from 
baseline to 1 year (week 52 in the RADIANCE and week 48 in 
the faricimab cohorts) in BCVA, as assessed by ETDRS letter 
score, and central subfield thickness (CST), as determined by 
Spectral Domain-Optical Coherence Tomography. 

Data sources

IPD for the faricimab cohort was taken from the pivotal 
trials TENAYA (ClinicalTrials.gov identifier NCT03823287) and 
LUCERNE (ClinicalTrials.gov identifier NCT03823300) (30). 

IPD for the RADIANCE cohort was taken from the Italian, 
real-world study RADIANCE (31). 

In the TENAYA and LUCERNE studies bilateral treatment 
was not allowed and for patients with bilateral nAMD, the 
eye with the worst BCVA at diagnosis was included (study 
eye). In the RADIANCE study, in case of bilateral treatment 
during the index period, the eye with the worst condition at 
treatment start was selected as the study eye.

Population

This analysis included all the patients enrolled in the 
RADIANCE study (31) with at least two VA measurements 
after the one at baseline, of which at least one was at week 
52 ± 10 (RADIANCE cohort). A cohort of patients treated with 
faricimab was created by combining data from the active 
arms in the LUCERNE and TENAYA trials (faricimab cohort). 
Since the pivotal trials (30) included patients worldwide and 
the RADIANCE study included Italian patients only, to ensure 
consistency across the cohorts, only Caucasian patients from 
LUCERNE and TENAYA were considered; in addition, patients 
with no VA and CST data at week 48 or with polypoidal cho-
roidal vasculopathy (PCV) lesions were excluded from the far-
icimab cohort. We excluded PCV lesions from the faricimab 



Galeone et al Drug Target Insights 2024; 18: 107

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu

cohort because there were no patients with PCV in the 
RADIANCE cohort.

Statistical analyses

PS-based inverse probability of treatment weighting 
(IPTW) was utilized to balance the two cohorts and mitigate 
bias due to potential confounding. In IPTW, weights are cal-
culated for each individual as 1/PS for the treated group and 
1/(1 − PS) for the control group, where the PS is defined as 
the inverse probability of receiving the treatment based on 
the baseline characteristics. This creates pseudo-populations 
to achieve a balanced distribution of baseline covariates 
between groups (32). In this analysis, the PS was estimated 
by logistic regression including the following baseline covari-
ates, selected according to both expert opinion and evalua-
tion of covariates’ imbalance between cohorts:

• VA or CST at baseline, respectively, when analyzing BCVA 
and CST change;

• Age;
• Sex;
• Type of lesion (type 1, 2, and 3);
• Presence of intraretinal fluid (IRF) at baseline;
• Presence of subretinal fluid (SRF) at baseline.

Missing values in type of lesion, and baseline IRF and SRF 
were handled by inclusion of categories for missing values in 
the PS models. 

Standardized mean differences (SMDs) and appropriate 
statistical tests (i.e., chi-square tests for categorical variables, 
and t-tests or non-parametric Mann-Whitney tests, respec-
tively, for normally and not normally distributed continuous 
variables) were used to compare the distribution of baseline 
covariates between the RADIANCE and faricimab cohorts 
before and after IPTW.

A weighted one-way analysis of variance (ANOVA) was 
applied to compare mean changes in BCVA and CST between 
the two cohorts. 

The frequency of injections may differ in randomized 
controlled trial (RCT) and clinical practice and, as already 
reported in the RADIANCE study, patients with a higher num-
ber of injections showed more favorable clinical outcomes 
(31). To account for the difference in treatment regime 
and protocol between the pivotal and real-world studies, 

in a sensitivity analysis an analysis of covariance (ANCOVA) 
model incorporating the number of injections as covariate 
and weighting for IPTW was used to obtain adjusted mean 
treatment differences. 

All tests were two-sided, and a p value <0.05 was consid-
ered statistically significant. 

Statistical analyses were performed with SAS Version 9.4 
(SAS Institute, Cary, NC).

Results 
Patients and baseline characteristics

The RADIANCE study enrolled 405 patients. Of those, 
17 were excluded because they did not satisfy the inclusion 
criteria (i.e., patients with diagnosis of nAMD, naïve to any 
intraocular anti-VEGF treatment, with age ≥50 years on the 
date of the first anti-VEGF injection), 1 because of the lack of 
hospital charts/clinical records at anti-VEGF treatment start, 
43 because of the lack of at least two VA measurements after 
the baseline, and 81 because of the lack of a VA measurement 
at week 52 ± 10. The TENAYA and LUCERNE studies included 
a total of 665 patients treated with faricimab; of those, 152 
patients were not eligible for this analysis (85 were non-
Caucasian, 65 had missing BCVA and CST data at week 48, 
and, among the remaining, 2 were diagnosed as having PCV 
at baseline by the centralized reading center). Thus, finally, 
a total of 513 patients treated with faricimab from TENAYA 
and LUCERNE trials and 263 patients treated with aflibercept 
(n = 101), bevacizumab (n = 53), or ranibizumab (n = 109) 
from the RADIANCE study were included for comparison. All 
patients from both the faricimab and the RADIANCE cohorts 
had BCVA data at 1 year (i.e., week 48 and 52, respectively) 
and were therefore included in the analysis of BCVA change 
from baseline. CST data at week 48-52 were missing in 97 
patients from the RADIANCE cohort and 4 patients from 
the faricimab cohort; therefore, the analysis of CST changes 
from baseline at 1 year was based on 509 patients treated  
with faricimab and 166 patients treated with the anti-VEGF 
SoC.

Before IPTW, significant differences in baseline patients’ 
characteristics between the two groups were observed. 
Specifically, in the RADIANCE cohort, compared to the farici-
mab cohort, patients were older, had lower BCVA and higher 
CST, and there was a higher proportion of patients with IRF. 
After IPTW, the cohorts were well-balanced (Tabs. 1 and 2). 

TABLE 1 - Baseline demographic and clinical characteristics in the faricimab and RADIANCE cohorts before and after the IPTW in the analysis 
of the VA change

Before IPTW After IPTW

TENAYA+LUCERNE
(faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

TENAYA+LUCERNE
(faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

N 513 263 772.4 297.2
Age, median (IQR) 76 (70-81) 78 (73-82) −0.254 0.0007 77 (71-82) 76 (71-81) 0.040 0.601
Sex, n (%)
 Men 187 (36.5) 115 (43.7) −0.149 0.049 315.2 (40.8) 319.7 (40.1) 0.014 0.778

 Women 326 (63.6) 148 (56.3) 457.2 (59.2) 477.6 (59.9)

(Continued)
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Before IPTW After IPTW

TENAYA+LUCERNE
(faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

TENAYA+LUCERNE
(faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

Lesion type, n (%)
 Occult (type 1) 275 (54.6) 103 (40.9) 0.292 <0.001 395.7 (52.3) 406.4 (52.1) 0.005 0.951
 Classic (type 2)† 210 (41.7) 121 (48.0) −0.102 316.6 (41.8) 323.6 (41.5) 0.008
 Type 3 19 (3.8) 28 (11.1) −0.271 45.1 (6.0) 49.4 (6.3) −0.014
 Missing 9 11 14.9 17.8
IRF at baseline, n (%)
 No 276 (54.9) 84 (42.6) 0.026 0.004 359.2 (51.5) 371.8 (51.5) −0.003 0.998
 Yes 227 (45.1) 113 (57.4) 337.9 (48.5) 349.9 (48.5)
 Missing 10 66 75.3 75.4
SRF at baseline, n (%)
 No 172 (34.0) 58 (29.2) 0.236 0.217 233.4 (33.3) 264.5 (36.4) 0.055 0.211
 Yes 334 (66.0) 141 (70.8) 468.2 (66.7) 461.7 (63.6)
 Missing 7 64 70.8 71.0
VA (ETDRS Letter) at 
baseline, mean ± SD

60.5 ± 13.1 57.1 ± 21.1 0.219 0.004 59.6 ± 16.5 61.1 ± 34.3 −0.088 0.244

*p values were nominal.
†Including “minimally” and “predominantly” classic lesions.
IPTW = inverse probability of treatment weighting; IQR = interquartile range; IRF = intraretinal fluid; SD = standard deviation; SMD = standardized mean differ-
ence; SoC = standard of care (aflibercept, ranibizumab, and bevacizumab); SRF = subretinal fluid; VA = visual acuity.

TABLE 2 - Baseline demographic and clinical characteristics in the faricimab and RADIANCE cohorts before and after the IPTW in the analysis 
of the CST change

Before IPTW After IPTW

TENAYA+LUCERNE
(Faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

TENAYA+LUCERNE
(faricimab)

RADIANCE
(SoC)

SMD p value for 
comparison*

N 509 166 673.3 683.3
Age, median (IQR) 76 (70-81) 77 (72-82) −0.155 0.077 76 (70-81) 76 (70-80) 0.030 0.739
Sex, n (%)
 Men 184 (36.2) 80 (48.2) −0.246 0.006 365.4 (39.4) 275.7 (40.4) −0.019 0.727
 Women 325 (63.8) 86 (51.8) 407.8 (60.6) 407.6 (59.7)
Lesion type, n (%)
 Occult (type 1) 274 (54.8) 76 (47.2) 0.161 <0.001 350.5 (53.1) 363.1 (54.2) −0.022 0.916
 Classic (type 2)† 207 (41.4) 63 (39.1) 0.056 268.4 (40.7) 265.4 (39.6) 0.022
 Type 3 19 (3.8) 22 (13.7) −0.346 40.8 (6.2) 41.9 (6.5) −0.002
 Missing 9 5 13.3 12.8
IRF at baseline, n (%)
 No 276 (55.2) 68 (43.9) −0.168 0.004 343.4 (52.4) 342.6 (51.6) −0.016 0.755
 Yes 224 (44.8) 87 (56.1) 311.8 (47.6) 321.8 (48.4)
 Missing 9 11 18.0 18.8
SRF at baseline, n (%)
 No 170 (33.9) 46 (29.5) −0.022 0.309 219.3 (33.3) 242.6 (36.4) 0.065 0.244
 Yes 332 (66.1) 110 (70.5) 438.8 (66.7) 424.4 (63.6)
 Missing 7 10 15.1 16.2
CST (μm) at baseline, 
mean ± SD

359.8 ± 121.3 392.0 ± 163.6 −0.223 0.021 366.3 ± 144.3 362.0 ± 
287.6

0.030 0.725

*P values were nominal.
†Including “minimally” and “predominantly” classic lesions.
CST = central subfield thickness; IPTW = inverse probability of treatment weighting; IQR = interquartile range; IRF = intraretinal fluid; SD = standard deviation; 
SMD = standardized mean difference; SoC = standard of care (aflibercept, ranibizumab, and bevacizumab); SRF = subretinal fluid.

TABLE 1 - (Continued)
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Change from baseline in BCVA

After IPTW, mean vision gains in BCVA after 1 year of 
treatment were 6.4 letters (95% CI: 5.0 to 7.9) in the far-
icimab cohort and 1.0 letter (95% CI: −0.4 to 2.5) in the 
RADIANCE cohort, with a corresponding treatment differ-
ence of 5.4 letters (95% CI: 3.4 to 7.5, p<0.001) in favor of 
faricimab (Fig. 1). 

Favors SoC

86420-2-4-6-8-10 10

Favors faricimab

4.0
(95% CI: 1.7 to 6.2)

Sensitivity analysis:
adjusted for 

n. of injections

5.4
(95% CI: 3.4 to 7.5)

Primary analysis

FIGURE 1 - Difference in BCVA mean change (95% CI) from ba-
seline to 1 year after IPTW. BCVA = best corrected visual acuity; 
CI = confidential interval; IPTW = inverse probability of treatment 
weighting; SoC = standard of care (aflibercept, ranibizumab, and 
bevacizumab).

Change from baseline in CST

After IPTW, the mean CST change from baseline 
was −143.2 μm (95% CI: −156.2 to −130.1) in the farici-
mab cohort and −71.4 μm (95% CI: −84.3 to −58.4) in the 
RADIANCE cohort, with a corresponding treatment differ-
ence of −71.8 μm (95% CI: −90.2 to −53.4, p<0.001) in favor 
of faricimab (Fig. 2).

Favors faricimab

200-20-40-60-80-100 40

Favors SoC

−71.4 μm
(95% CI: −84.3 to −58.4) 

Sensitivity analysis:
adjusted for 

n. of injections

−71.8 μm
(95% CI: −90.2 to −53.4)

Primary analysis

FIGURE 2 - Difference in CST mean change (95% CI) from base-
line to 1 year after IPTW. CI = confidential interval; CST = cen-
tral subfield thickness; IPTW = inverse probability of treatment 
weighting; SoC = standard of care (aflibercept, ranibizumab, and 
bevacizumab).

Sensitivity analysis 

After adjusting for the number of injections, results were 
consistent with the main scenarios. There was a slight reduc-
tion in the weighted BCVA change from baseline in the far-
icimab cohort (+5.9 letters [95% CI: 4.4 to 7.4]) and a slight 
increase in the RADIANCE cohort (+1.9 letters [95% CI: 0.4 to 
3.5]). The weighted treatment difference remained statisti-
cally significant and was consistent with that observed in the 
main scenario (+4.0 letters in favor of faricimab [95% CI: 1.7 to 
6.2; p = 0.0005]). Similarly, after adjusting for the number of 
injections, the estimated treatment difference in CST change 
from baseline remained in favor of faricimab (−71.5 μm [95% 
CI: −91 to −52; p<0.001]) (Figs. 1 and 2).

Discussion
This indirect treatment comparison was conducted to eval-

uate the effectiveness of the novel anti-VEGF/Ang2 inhibitor 
faricimab compared to commonly used anti-VEGF agents in 
Italy. The analysis was performed using IPD from the real-world 
study RADIANCE (31) and a subset of faricimab-treated patients 
from the randomized clinical trials TENAYA and LUCERNE (30). 

Despite the initial significant differences of baseline char-
acteristics between the two cohorts, the IPTW allowed to 
balance the cohorts and mitigate the effect of potential con-
founding variables (i.e., age, sex, type of lesion, IRF, SRF, and 
baseline VA). 

The base case analyses showed a favorable effect for far-
icimab with a treatment difference compared with SoC equal 
to a BCVA gain of 5.4 letters (95% CI: 3.4 to 7.5, p<0.001) 
and a CST reduction of −71.8 μm (95% CI: −90.2 to −53.4, 
p<0.001). The weighted BCVA change from baseline in the 
faricimab cohort (+6.5 letters [95% CI: 5.0 to 7.9]) was in line 
with the results of the TENAYA and LUCERNE trials (+6.2 let-
ters, average of weeks 40-48) (30), and the weighted BCVA 
change from baseline in the RADIANCE cohort (+1.0 letter 
[95% CI: −0.4 to 2.5]) was in line with that observed in the 
RADIANCE study (+1.0 letter [SD 19.3]) (31).

Similarly, the weighted CST changes observed in this 
analysis (−143 μm [95% CI: −156 to −130] for faricimab and 
−71 μm [95% CI: −84 to 58]) for SoC) were comparable to 
those observed in the TENAYA and LUCERNE trials (−137 μm, 
average of weeks 40-48) and in the RADIANCE study (−58 μm 
[95% CI: −161 to 15]), respectively.

In the RADIANCE study, after stratification by the num-
ber of anti-VEGF injections per year, the median VA improve-
ment was better in patients treated with >6 injections, 
whereas no improvement was observed in patients treated 
with fewer injections (31). The association observed in the 
RADIANCE study between the higher number of anti-VEGF 
injections and better outcomes was in line with what has 
been reported by other real-world studies (11,14,16,33). 
Since the injection frequency in the controlled setting of a 
clinical trial is often different to that observed in the real 
world (9,10,13,15,17,34,35), a sensitivity analysis was under-
taken to adjust for the number of injections between the 
RADIANCE and faricimab cohorts. The BCVA gains and CST 
reductions observed in this sensitivity analysis were consis-
tent with the main scenarios, with the weighted treatment 
difference in BCVA and CST equal to +4.0 letters and −71.5 
μm, respectively, in favor of faricimab. Despite the adjust-
ment for the number of injections, residual confounding by 
the different regime and protocol between the pivotal and 
real-world studies cannot be excluded, which may limit the 
interpretation and generalizability of the results.

To the best of our knowledge, this is the first study that 
compared faricimab with SoC for patients with nAMD in 
Italy. First-line treatment with faricimab was associated with 
greater visual gain and CST reduction, compared to current 
intravitreal anti-VEGF SoC, showing potential to redefine the 
treatment landscape for nAMD. Clinicians may consider far-
icimab as an effective option, particularly given its favorable 
outcomes in comparison to employed anti-VEGF agents.
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The limitations of the study include the size of the real-
world cohort, in particular for the analysis on CST, which was 
too small to allow subgroup analysis by anti-VEGF agent, 
along with all limitations associated with the comparison of 
clinical trial and real-world cohorts. In particular, the treat-
ment regimens in the clinical trial setting are more con-
trolled than in routine clinical practice. Although we used PS 
weighting to balance potential confounding factors, resid-
ual confounding as well as an impact of unmeasured con-
founders cannot be ruled out. In addition, in the RADIANCE 
cohort we included patients with at least two post-baseline 
endpoint measurements, including one around 52 weeks, 
and this could have introduced some selection bias if these 
patients were different from those with only one post-base-
line measurement. 

Conclusions 
Despite limitations of indirect treatment comparisons, 

which call for specific post-marketing real-world studies, and 
the possibility that the difference may be due to frequency 
and time of treatment rather than to type of agents used, 
the present analysis supports potential benefits in terms of 
VA and CST reduction in naïve nAMD patients treated with 
faricimab compared with intravitreal anti-VEGF SoC (afliber-
cept, ranibizumab, and bevacizumab). Additional evidence 
from the real-world setting is required to confirm our finding.
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