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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.
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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, 
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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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