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Summary 

 

Background: Remdesivir has recently been used more widely as an antiviral medication, possibly due 

to its potency against coronavirus. 

Aim: This study was aimed at detecting the toxicity of remdesivir on the liver and kidneys of albino rats 

at various doses, as well as the possibility of recovering to the normal structure of these tissues two weeks 

after drug discontinuation. 

Methods: Forty adult albino rats were divided into five groups (8 rats per group). The first group was the control 

group; the second group received 5 mg/kg remdesivir; the third group received 10 mg/kg for five days; and 

the fourth and fifth groups were withdrawal groups (treated as 2nd and 3rd groups then left for two weeks). 

After five days of treatment, the animals of the 1st, 2nd, and 3rd groups were sacrificed, while the animals 

of the withdrawal groups were killed after two weeks of drug discontinuation. Both the liver and kidneys 

were removed and prepared for histological examination. 

Results: Remdesivir-treated liver and kidneys showed histological alterations such as blood vessel congestion, 

mononuclear cell infiltration, and localized hepatocyte degeneration. Meanwhile, kidney sections revealed 

localized vacuolation of the tubular epithelium, focal glomerular tuft shrinkage with Bowman's space dilatation. 

Conclusion: Remdesivir is hepatotoxic and nephrotoxic mainly, at high doses. Even after drug withdrawal, 

structural alterations persist, particularly at high dosages, confirming that remdesivir toxicity is dose-dependent. 
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Introduction 

 

COVID-19 (Coronavirus disease 2019) caused by severe acute respiratory distress coronavirus 2 (SARS-CoV-2), 

was first reported in Wuhan, China, in December 2019 (1). Later on, in January 2020, the World Health Organization 

(WHO) declared that the SARS-CoV-2 epidemic was a public health emergency (2). COVID-19 mainly attacks 

the lungs, but it also attacks other organs and causes damage to these organs, such as the liver, kidneys, heart, 

gastrointestinal tract, and nervous system (3). The disease causes numerous clinical features as well as numerous 

abnormal laboratory parameters, including abnormal kidney and liver function tests (4).
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Remdesivir (Veklury) has been approved by the Food and Drug Administration (FDA) as an antiviral drug 

for the treatment of COVID-19 in children over the age of 12 and adults who require hospitalization and is 

administered (intravenously) using a needle in the skin (5). The drug is a nucleotide analog RNA polymerase 

inhibitor that was initially developed and tested for Ebola virus disease (6). As a result, remdesivir is an antiviral 

medicine with the ability to limit viral replication of SARS-CoV-2 (7), as it acts as a prodrug, acting as an ATP 

analog that competes for incorporation by viral RNA-dependent RNA polymerase and interfers with viral RNA (8). 

It is metabolized in the liver by CYP 3A4 and is a substrate of the hepatocyte transporters p-glycoprotein (9). 

The efflux rate of remdesivir out of hepatocytes may be reduced by p-glycoprotein inhibitors, resulting in a hepatocyte 

concentration above the toxic threshold (10). 

 

According to the European Medicines Agency, remdesivir should not be combined with additional hepatotoxic 

drugs, and hepatic function should be monitored throughout treatment (11). Therefore, monitoring of liver function 

tests in patients receiving remdesivir is advised, as Zampino and colleagues discovered a significant increase 

in bilirubin, ALT, and AST levels in COVID-19 patients receiving remdesivir (12). However, it must be noted that 

recurrent cases of liver injury were reported in COVID-19 patients, hence, it is interesting to distinguish whether 

the increase in liver enzymes was attributed to remdesivir or COVID-19 (13). Therefore, if an abnormality of liver 

enzymes occurs after treatment with remdesivir, drug discontinuation is indicated (14). Gilead declared a laboratory 

abnormality as elevated liver enzymes following the use of remdesivir (15). 

 

The elimination of remdesivir is mainly by urine and a small amount by faeces (16). Remdesivir has 

contraindications in patients with severe renal impairment (eGFR less than 30 mL/min) (17). As a result, monitoring 

of both the liver and kidneys during remdesivir treatment is required because these organs are the sites of drug 

metabolism and excretion. Toxicity to the liver and kidneys has been observed in numerous clinical investi-

gations. One of these studies, conducted by Grein and his team on compassionate-use remdesivir in the treatment 

of COVID-19, reported that 23% of the patients had elevated liver enzymes and were forced to discontinue 

remdesivir in two cases, as well as acute kidney injury and hematuria in some remdesivir recipients (18). Other 

studies reported hepatotoxicity and nephrotoxicity as adverse effects following remdesivir therapy (19). 

 

The present study was conducted to assess the histological changes of the liver and kidney due to the toxicity 

of remdesivir in Wister albino rats. 

 

Materials and Methods 

 

Forty healthy adult Wister albino rats weighing about 250±50 gm, male, 8-12 weeks of age, were kindly 

provided by the Animal House of the College of Veterinary Medicine, University of Mosul, Northern Iraq. Animal 

groups were placed in separate cages, under controlled temperatures (23–25 ºC), humidity (60%), and light and 

dark cycles of 12 hours each. The animals were fed a standard pelleted diet and water ad libitum. The experiment 

was conducted following the ethical guidelines for investigations in the laboratory (20, 21). The animals were 

divided into five groups (eight each) as presented in Table 1.

Table 1. The workflow of the studied groups.

Control Group
+Remdesivir without withdrawal +Remdesivir with withdrawal

5 mg/kg/day 10 mg/kg/day 5 mg/kg/day 10 mg/kg/day

Group ID G1 G2 G3 G4 G5

Group 1 (control group): a plain group that contains eight animals. 
Group 2: (n=8) treated with 5 mg/kg remdesivir body weight daily for five days. 
Group 3: (n=8) treated with 10 mg/kg remdesivir body weight for five days. 
Group 4: (n=8) treated as group 2 and then left for two weeks as the withdrawal group. 
Group 5: (n=8) treated as group 3 then left for two weeks as the withdrawal group.

All animals were injected intraperitoneally (IP) with remdesivir, which was obtained from the local markets 

in Iraq. Gilead Sciences Inc. provided the VEKLURY® (remdesivir) of 100 mg/20 ml (5 mg/ml) Ampule, which 

was given without dilution at doses of 0.25 ml for group 2 animals and 0.5 ml for group 3 animals. On the 5th day 



of the experiment, the animals in groups 1, 2, and 3 were sacrificed, while those in groups 4 and 5 were left for another 

two weeks. After that, their liver and kidney tissues were removed and rinsed in the sink before being transferred 

to a Petri dish containing normal saline solution, dried on filter papers, divided into pieces of 1 cm3 × 1 cm3 and 

preserved in 10% buffered formalin. Tissue processing, sectioning, and staining were done following the procedure 

of Suvrana (2013). The tissue was dehydrated with ascending grades of alcohol and cleared with xylene (3 changes 

per hour). Then, it was impregnated into 3 changes of paraffin wax with 56-60 °C melting paraffin (each change 

for 1 hr). The tissue was embedded in fresh paraffin wax to obtain a solid block, which was prepared for sectioning 

into 4-5 µm thick sections by using a Reichart rotary microtome. Deparaffinization was achieved with two changes 

of xylene (each lasting 5 minutes) and carried out at the staining time. Rehydration was achieved with descending 

grades of alcohol, and then the sections were transferred into tap water for 2 min before staining with hematoxylin 

and eosin. 

 

Results 

 

The animals in all groups during the experiment were active with good and normal food intake. When the first 

group (control group) was viewed under the microscope, liver sections showed normal cords of polygonal 

hepatocytes around the central vein, with the normal portal area containing a hepatic artery, portal vein, and bile 

canaliculi (Figure 1A). The kidney sections also revealed normal proximal convoluted tubules (PCT), distal 

convoluted tubules (DCT), and normal renal corpuscles composed of glomeruli tufts surrounded by Bowman's 

space (Figure 1B).
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Figure 1. A representative image for the control group treated with remdesivir-free distilled water. (A) Liver showing the normal 
structure, central vein (arrowhead) hepatocytic plates (black arrows), and sinusoids (red arrows). (B) Kidney showing glomerulus 
(black arrow), bowman's space (arrowhead), PCT (yellow arrow), and DCT (green arrow). (A: H & E X100) (B: H & E X 400).

In the second group, liver sections revealed preserved liver architecture, mild congestion of blood vessels, 

mononuclear cell infiltration in the portal area, and a focal area of degeneration of hepatocytes (Figure 2A). Meanwhile, 

kidney sections showed preserved kidney architecture, focal shrinkage of the glomerular tuft with Bowman's space 

dilatation and congestion of glomerular capillaries, and a localized area of vacuolar degeneration of the tubular 

lining epithelium (Figure 2C).



The liver in the third group showed more severe changes, including coagulative necrosis of hepatocytes around 

the central vein, infiltration of inflammatory cells within the liver parenchyma, and ductular reaction in the portal 

area, including hyperplasia of bile canaliculi (Figure 2B). Kidney sections on the other hand depicted more 

pronounced changes, including shrinkage of the glomerular tuft with more congestion of glomerular capillaries, 

in addition to vacuolar degeneration of renal tubular lining epithelium (Figure 2D).
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Figure 2. A representative image for the remedesivir treated group. (A) section of the rat's liver showed a focal area of vacuolar 
degeneration of hepatocytes (black arrows) (B) section of the rat's liver showed infiltration of inflammatory cells around 
the portal area (red arrows) and hyperplasia of bile canaliculi (black arrow). (C) section of the rat's kidney showed congestion 
of glomerular capillaries (black arrow) and vacuolar degeneration of tubular lining epithelium (red arrows) (D) section of rat's 
kidney showed shrinkage of glomerular tuft with bowman's space dilatation (black arrow) and more congestion of glomerular 
capillaries (red arrow) (A: H & E X400) (B: H & E X 400) (C: H & E X400) (D: H & E X 400).

In the fourth group, the liver showed no congestion, and a regression in the inflammatory cell infiltration 

with mild vacuolar degeneration of the hepatocytes as observed in Figure 3A. Meanwhile, kidney sections also 

showed improvement in their general architecture, with no congestion and no vacuolar degeneration of the tubular 

lining epithelium (Figure 3C). 

 

Figure 3D highlights liver sections in the fifth group. It was observed that there was congestion but that it was 

less prominent than previous changes observed in the third group with less inflammatory cell infiltration and ductal 



hyperplasia (Figure 3B). In the kidney sections, fewer changes were observed compared to the third group, 

as reduced congestion, vacuolation, and glomeruli returned to normal.
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Figure 3. A representative image for the remedesivir treated group. (A) section of the rat's liver showed improvement except 
for mild vacuolar degeneration of hepatocytes (black arrows). (B) section of the rat's liver showed a mild degree of improvement 
as less congestion (black arrow), less inflammatory cell infiltration, and ductal changes. (C) section of the rat's kidney showed 
improvement in the general architecture of the kidney. (D) section of the rat's kidney showed mild improvement as less congestion 
and less vacuolar degeneration of renal tubular lining epithelium with reversibility of glomeruli (black arrow) (A: H & E X400) 
(B: H & E X 100) (C: H & E X 100) (D: H & E X 100).

Discussion 

 

There are liver and kidney injuries in remdesivir-treated animals, as an acute liver injury was observed due 

to hepatic ischemia associated with cytokine storm syndrome and hypoxia in COVID-19 patients (23). It was also 

observed that in COVID-19, a coronavirus infection that causes severe acute respiratory syndrome, causes liver 

damage (24). Apart from the study conducted by Van et al., which found that repeated toxic remdesivir in the animal 

led to increased renal toxicity, there are few studies on the histological effects of remdesivir on the liver and kidneys 

similar to the current study. A dose-dependent kidney injury and/or impaired function, which was supported 
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by histopathological findings of renal tubular atrophy, casts, and basophilia was reported (25). El-Haroun and 

colleagues conducted more recent studies in which they employed a higher dose of remdesivir. They discovered more 

serious changes, such as significant disruption of the histology of the renal cortex, where the glomeruli appeared to be 

swollen, fragmented, and degenerating. Also, a significant widening of Bowman's space with dilated renal tubules 

and an acidophilic cast in their lumen, combined with degeneration of the renal interstitium, left wide spaces in between 

renal tubules. These observations conform with the changes that are dose-related (26). Another investigation in rhesus 

monkeys found remdesivir-induced renal impairment at dosages of 5, 10, and 20 mg/kg per day for 7 days (27). There 

are many biochemical studies on felids, research done by Wang and his colleagues on patients treated with remdesivir 

indicated that 12 of these patients had elevated liver enzymes and the other 7 had renal impairment (8). In another 

case study, an obese patient developed abrupt hepatic failure after receiving remdesivir therapy (28). Some studies, 

on the other hand, found no significant differences in liver and renal function tests from the baseline (29, 30). 

 

Remdesivir is a nucleotide analog RNA polymerase inhibitor that has shown efficacy in the treatment 

of COVID-19, but its safety has not been proven in this study. Remdesivir was used for 5 days at a concentration 

of 10 mg/kg, which is toxic to the liver and kidneys, and this toxicity is dose-dependent even if the drug is stopped 

two weeks later. To the best of our knowledge, this study is the first to report this observation, which has not been 

addressed by other authors. As a result, many COVID-19 mortalities may occur as a result of the drug's 

complications on the kidneys and liver, particularly in those with impairment. It is, therefore, critical to monitor 

liver and kidney functions and evaluate the hepatic and kidney safety of remdesivir administration to COVID-19 

patients (12). 

 

Damage to the liver and kidney tissues caused by free radicals due to the toxic effect of remdesivir has been 

reported by other researchers (24). Remdesivir causes acute nephrotoxicity and hepatotoxicity due to the direct 

inflammatory effect of cytokines following COVID-19. The drug causes a decreased glomerular filtration rate and 

elevates liver enzymes, causing damage to kidney and liver tissues, similar to other studies (31). Remdesivir causes 

mitochondrial toxicity and injury in the renal tubular epithelial cells and hepatocytes, leading to the accumulation 

of free radicals and oxidative damage, which lead to necrosis and degeneration of hepatic and renal tissues (24). 

Liver and kidney toxicity may be due to the destruction of the lysosomal membrane caused by remdesivir leading 

to the liberation of their hydrolytic enzymes, which promote death and lysis of the cells (32). In the present study, 

distortion in the histological structure of the liver and kidneys could be due to the intermediate substances secreted 

by inflammatory cells, causing vasodilation and congestion of blood vessels (33). 

 

Remdesivir is a broad-range antiviral drug used primarily for the treatment of hepatitis C and is now used 

for the treatment of coronavirus (34, 35). The effect of remdesivir on the histological structure of the liver and kidneys 

is dose-dependent and this may be due to the generation of free radicals by the drug leading to damage and 

degeneration of renal and liver cells (36). Remdesivir crosses the blood-brain barrier in very small amounts. It is 

rapidly absorbed into the tissue after entering the cells by intracellular hydrolase and is converted to active 

metabolites of nucleotide triphosphate in the cells causing a rate of damage and necrosis. This observation is 

in agreement with other studies, which found remdesivir to be very toxic to tissue cells (36). 

 

In both withdrawal groups (4th and 5th groups), there was an improvement from their treated groups (2nd and 3rd 

groups), but the changes are still present in the 5th group. This indicates that remdesivir toxicity is dose-dependent 

even if the drug is discontinued after two weeks. The variation in response could be attributed to several factors, 

including the impact of the surrounding endogenous milieu on responsiveness to the maintenance of subcellular 

quasi-equilibrium (37-40), implying that a cytokine storm could alter the disease profile, illness, or body response 

to remdesivir. The limitations of the present study include the use of only two doses, the fact that the study is primarily 

qualitative rather than quantitative, and the fact that the results were obtained using only histological techniques. 

 

Conclusion 

 

This study revealed that remdesivir is toxic to the liver and kidneys and that its toxicity is dose-dependent. 

The liver and kidney tissues do not recover to their normal architecture and histology during withdrawal from this drug. 

Therefore, when administering remdesivir to patients, especially those with hepatic and renal impairment, it is 

important to monitor their liver and kidney function tests.
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