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A B S T R A C T 

Background: Azithromycin, a widely used macrolide antibiotic, is associated with dose-dependent 

hepatorenal toxicity primarily mediated by oxidative stress and inflammation. Rutin, a natural flavonoid, 

possesses potent antioxidant and anti-inflammatory properties that can mitigate organ damage.  This study 

aimed to evaluate the potential of Rutin to ameliorate azithromycin-induced histopathological alterations 

in the livers and kidneys of albino rats. 

Methods: Thirty-six adult male albino rats (180–200 g) were allocated into five groups: a control 

group (normal saline), groups receiving azithromycin (30 mg/kg) for 7 (T1) or 14 days (T2), and 

groups receiving concurrent azithromycin and rutin (50 mg/kg) for 7 (T3) or 14 days (T4). After the 

treatment period, liver and kidney tissues (one kidney per animal) were harvested for 

histopathological examination using hematoxylin and eosin (H&E) staining. 

Results: Azithromycin administration induced a significant time-dependent histopathological 

damage. The T2 group (14-day azithromycin treatment) exhibited severe hepatic injury, including 

hepatocellular necrosis, sinusoidal dilatation, and inflammatory infiltration, as well as renal damage 

characterized by glomerular atrophy and tubular necrosis. Cotreatment with Rutin markedly 

attenuated these effects. The T4 group (14-day cotreatment) showed near-complete preservation of 

the hepatic architecture and renal histology, with minimal signs of inflammation and cellular 

damage. 

Conclusion: Co-administration of Rutin confers significant protection against azithromycin-induced hepatorenal 

damage, attributed to its antioxidative and anti-inflammatory mechanisms. These findings highlight the potential 

of Rutin as an effective adjuvant therapy to minimize antibiotic-associated organ toxicity. 
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Introduction 

he global rise in bacterial infections has 

heightened reliance on broad-spectrum 

antibiotics. Among these, macrolides such 

as Azithromycin are particularly useful 

due to their favorable pharmacokinetic 

and immunomodulatory properties [1, 2]. 

Owing to its long half-life, extensive tissue penetration, 

and ease of dosing, Azithromycin has become the drug 

of first choice in various respiratory, gastrointestinal, 

cutaneous, and sexually transmitted infections [3, 4]. In 

addition, its central role in public health is evidenced 

by its inclusion in mass-administration campaigns for 

neglected tropical diseases (NTDs) such as trachoma 

and yaws  [5]. This sets it apart from other antibiotics, 

such as doxycycline, and highlights its relevance to 

global health efforts. 

The growing reliance on Azithromycin for both 

treatment and prevention has prompted scrutiny of its 

safety profile, particularly concerning hepatic and renal 

toxicity. The liver, the main site of metabolism via 

cytochrome P450 enzymes, and, to a lesser extent, 

organs such as the kidneys, which have a limited role 

in biliary-mediated excretion under normal 

circumstances, are particularly relevant organs [7]. 

However, long-term use or overdose may cause drug-

induced liver injury (DILI) and acute kidney injury 

(AKI), which is mainly attributed to oxidative stress, 

mitochondrial dysfunction, inflammation, and cellular 

apoptosis [8, 9]. 

Oxidative stress is certainly a central mechanism in 

azithromycin-induced hepatorenal toxicity, that is, the 

pathological condition in which ROS generation 

exceeds the biological system's ability to eliminate 

and/or repair oxidative damage. The main event is 

mitochondrial damage, in which Azithromycin 

accumulates and impairs the electron transport chain, 

causing substantial electron leakage and an influx of 

superoxide radicals and other ROS [8, 10]. This ROS 

burst scavenges natural antioxidant defence molecules 

that would otherwise selectively and safely neutralize 

the detrimental effects of free radicals and minimize 

oxidative harm, resulting in widespread deleterious 

oxidation of cellular macromolecules, including lipid 

peroxidation in membranes, protein dysfunction, and 

DNA injury [11]. In addition, increased oxidative stress 

induces proinflammatory signaling cascades, such as 

the nuclear factor-kappa B (NF-κB) pathway. It 

aggravates injury by producing cytokines that drive 

apoptotic and necrotic cell death in hepatic and renal 

tissues [8, 9]. 

Furthermore, azithromycin treatment results in 

antibiotic-induced gut dysbiosis that may contribute to 

systemic inflammation and organ damage via the gut–

liver–kidney axis [12]. Dysbiosis leads to increased 

intestinal mucosal permeability, increased 

translocation of microbial toxins, and increased 

proinflammatory cytokine production, which may 

contribute to worsening hepatic and renal stress [13]. 

This complex pathophysiology begs for the 

identification of therapeutic strategies that protect 

microbial homeostasis and organ tissue structure [14]. 

Natural antioxidants, in the form of polyphenolic 

compounds found in plants, have shown promising 

potential to minimize drug-induced organ toxicity [15]. 

Rutin, a bioactive flavonoid glycoside found in fruits, 

vegetables, and teas, has been reported to possess 

multiple pharmacological activities, including 

antioxidant, anti-inflammatory, and cytoprotective 

effects  [16]. The protective effects of Rutin, including 

the regulation of crucial cellular signaling pathways 

such as nuclear factor erythroid 2-related factor 2 

(Nrf2) and NF-κB, the suppression of proinflammatory 

mediator release, and the neutralization of reactive 

oxygen species, make cells resistant to oxidative stress 

[17, 18]. The hepatoprotective and nephroprotective 

effects of Rutin against different toxic insults have been 

demonstrated in preclinical studies. Various studies 

have shown the effectiveness of Rutin in protecting 

against acetaminophen-, carbon tetrachloride-, and 

ethanol-induced hepatotoxicity, and against cisplatin-, 

gentamicin-, and other nephrotoxic agent-induced 

nephrotoxicity [12, 18]. In the gut-liver-kidney axis, the 

compound's actions on the triangle organs suggest 

possible systemic therapeutic effects, making it an ideal 

candidate for alleviating antibiotic-induced organ 

toxicity [19]. 

Based on this concept, the present study aimed to assess 

histopathological changes in the liver and kidneys of 

azithromycin-treated rats and the ameliorative role of 

Rutin in these rats. The present study aimed to clarify 

how Azithromycin induces hepatorenal toxicity and to 

assess whether natural antioxidants can diminish 

antibiotic-induced organ injury, focusing specifically 

on histopathological assessment and total 

pharmacological analysis. In this study, the proposed 

protective role of natural antioxidants against 

antibiotic-induced organ toxicity was investigated. 

Materials and Methods 

Experimental Animals  

This trial was carried out in the Animal House of 

the College of Education / University of AL-Qadisiyah. 

Thirty-six healthy adult male albino rats (12-14 weeks 

T 
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old, weighing 180–200 g) were kept under standard 

laboratory conditions on a 12:12h light/dark regime and 

normal room temperature (22±2°C), at a relative 

humidity of 50-60%. During the experimental period, 

all animals had free access to a regular pellet diet and 

clean drinking water. 

Experimental Design  

Animals were randomly assigned to one of five 

groups: 

1. Control Group (G): Twelve rats were equally 

divided into two subgroups (n=6 each) and 

administered 1 ml/day of ordinary water orally 

by gavage for 7 days (Control-7d) and 14 days 

(Control-14d). 

2. T1 (Azithromycin 7 days): Azithromycin (30 

mg/kg body weight) was administered orally 

to six rats for 7 days. 

3. Azithromycin 14-day cycle group (T2): Six 

rats were administered a similar dose of 

Azithromycin for 14 days. 

4. Azithromycin + Rutin (7 days) group (T3): 

Six rats were administered azithromycin (30 

mg/kg) for 7 days, followed by rutin (50 

mg/kg) for the next 7 days. 

5. Rats were treated with Azithromycin and 

Rutin for 14 days (T4), and six SD rats were 

orally administered azithromycin and rutin 

(50 mg/kg) for 14 days. 

All compounds were dissolved in distilled water 

and freshly prepared for dosing on the day of treatment, 

before oral gavage, at a volume of 1 ml. 

Chemicals 

Azithromycin was purchased from a local 

pharmaceutical supplier. Rutin was purchased from 

Sigma-Aldrich (St. Louis, MO, USA). 

Animal Sacrifice and Tissue Collection 

Twenty-four hours after the final treatment, the 

animals were anesthetized with intraperitoneal 

ketamine and xylazine. Liver and kidney tissues were 

immediately excised, rinsed in saline, and fixed in 10% 

neutral buffered formalin (prepared from 37-40% 

formaldehyde stock) for histological analysis. 

Histological Processing 

Fixed liver and kidney samples were processed for 

routine light microscopy. The tissues were dehydrated 

using a graded series of ethanol (70, 80, 90, and 100%; 

Merck KGaA, Darmstadt, Germany), cleared in xylene 

(Merck KGaA, Darmstadt, Germany), and embedded 

in paraffin wax (Merck KGaA, Darmstadt, Germany). 

Serial sections of 5 μm thickness were cut using a 

Rotary Microtome ( RM 2125 RTS, Leica Biosystems, 

Germany). Sections were mounted on glass slides and 

stained with Hematoxylin and Eosin (H&E) following 

the standard protocol described by Bancroft et al. [20]. 

Hematoxylin and Eosin stain was also procured from 

Merck KGaA (Darmstadt, Germany). 

Microscopy 

The prepared slides were examined under a light 

microscope. Images were captured using a digital 

camera attached to the microscope at 100x and 400x 

magnifications to document histopathological findings 

in the liver and kidney tissues. 

Results 

Liver Histology (Figure 1): Control, T1, and T2 

Groups 

Histological examination of liver sections from the 

control group (Figure 1A) revealed a normal hepatic 

architecture with polygonal hepatocytes arranged in 

cords around the central vein and clear sinusoidal 

capillaries. In the T1 group (Figure 1B), which received 

Azithromycin for 7 days, mild alterations such as 

central vein dilation and initial signs of fatty 

degeneration were observed. More severe histological 

damage was observed in the T2 group (Figure 1C–D), 

which was treated with Azithromycin for 14 days. 

These include disrupted hepatic lobular organization, 

hepatocyte necrosis, Pyknosis, sinusoidal dilatation, 

and inflammatory infiltrations. 

Liver Histology Post-Rutin Cotreatment (Figure 2): 

T3 and T4 Groups  

Histology showed dose-dependent restoration of the 

liver architecture. The T3 group showed a more 

uniform distribution of hepatocytes, significantly less 

necrosis, and better-preserved central veins than the T2 

group. In the T4 group (Figure 2D), rats co-treated with 

Rutin showed almost complete restoration of hepatic 

histology, as evidenced by minimal inflammatory foci 

and preserved sinusoidal structures. 

Kidney Histology (Figure 3): Control, T2, and T3 

Groups 

The glomerular and tubular structures of the 

kidneys in the control group were normal (Figure 3A). 

In the T2 group (Figure 3C), in which Azithromycin 
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was simulated for 14 days, the kidney tissue showed 

glomerular atrophy, tubular necrosis, Bowman's 

capsule dilatation, and inflammatory cell infiltration. In 

contrast, the T3 group (Figure 3B), which received 

Azithromycin followed by Rutin for 7 days, 

demonstrated preservation of glomerular structure and 

less pronounced tubular damage. 

Kidney Histology (Figure 4): T2 vs T4 Comparison 

Figure 4A–C (T2 group) shows severe renal lesions, 

including glomerular shrinkage, interstitial 

hemorrhage, and necrotic tubules. Conversely, Figure 

4D (T4 group) shows restored renal histoarchitecture, 

with normal glomeruli, intact proximal and distal 

tubules, and no hemorrhage or inflammatory cells. 

Discussion 

Histopathological examination revealed that 

Azithromycin induced severe architectural damage to 

liver cells, and Rutin clearly attenuated this effect. The 

lesions, including degenerating hepatocytes, congested 

sinusoids, and inflammatory cell infiltration, were 

consistent with previously reported azithromycin-

induced hepatotoxicity in animal experiments [10]. The 

clinical presentation of azithromycin-induced 

hepatotoxicity is reflected in histopathological 

findings, which are mainly hepatocellular, associated 

with higher ALT levels, and generally begin 1 to 3 

weeks after treatment onset [21]. 

The hepatotoxicity of Azithromycin, like that of 

other macrolides, is known to occur in a dose- and 

exposure-time-dependent manner, as supported by 

earlier studies [22, 23]. Mechanistic experiments 

indicated that cytochrome P450-catalysed metabolism 

of Azithromycin leads to the generation of reactive 

azithromycin intermediates, including species directly 

toxic to mitochondria. Moreover, the presence of 

immune cell infiltration at T2 suggests another possible 

secondary mechanism of immunological liver damage. 

This immunomodulatory aspect is important, as 

macrolides, including Azithromycin, are also immune-

modulating antibiotics. As detailed by Altenburg et al. 

(2010) and Zarogoulidis et al. (2011), this same 

property may make patients more likely to experience 

exaggerated cytokine release with prolonged use, 

thereby promoting liver inflammation and injury [24, 

25]. Taken together, these findings underscore the 

clinical significance of monitoring hepatic function 

during extended azithromycin therapy, especially in 

 

 
Figure 1. It shows the liver tissue of rats. Picture (A) shows the control group, demonstrating a normal arrangement of the 

hepatic cells (yellow arrow) around the central vein (black arrow) and sinusoidal capillaries (green arrow). Images (B)and (C) 

of the T1 group show a normal cellular arrangement pattern (yellow arrow), dilation of the central vein (black arrow), clear 

blood capillaries (green arrow), and fatty degeneration (blue arrow). (D) The T2 group shows loss of the normal hexagonal 

arrangement of hepatocytes (yellow arrow), a dilated central vein (black arrow), and blood capillaries (green arrow). 
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vulnerable patients or those with preexisting liver 

conditions. 

The significant improvement in hepatic 

architecture, approaching normalcy in T4 group, 

grossly indicates the protective effect of Rutin when co-

administered with Azithromycin. Rutin protects against 

Azithromycin-induced hepatic damage by reducing 

inflammation, thereby preserving hepatocyte alignment 

with minimal sinusoidal damage. This is a biologically 

plausible observation given Rutin's antioxidant role. 

Choi et al. (2021) reported that Rutin directly scavenges 

ROS  [26]. In contrast, Satari et al. (2021) and Lee et al. 

(2024) found that it upregulated endogenous 

antioxidant enzymes, including GPx and CAT, which 

play a key role in protection against lipid peroxidation 

and mitochondrial dysfunction [27, 28]. The 

hepatoprotective effects of Rutin against hepatic 

lesions may result from its potent antioxidant activity. 

Rutin upregulates the activity of major antioxidant 

enzymes, such as SOD, CAT, and GPx, and 

simultaneously activates the Nrf2/HO-1 pathway [18]. 

AZM-induced hepatotoxicity is caused by ROS 

production driven by oxidative stress, which disrupts 

normal cellular functions and promotes hepatocyte 

injury  [29]. Rutin's capacity to protect organs from 

oxidative damage, through increased antioxidant 

enzyme activities, increased GSH concentration, and 

reduced malondialdehyde (MDA) levels, explains the 

significant amelioration of hepatic structure observed 

in the treated groups [18, 29]. 

Additionally, the anti-inflammatory effects of 

Rutin, especially its suppression of the NF-κB pathway, 

likely reduce proinflammatory cytokine release, 

thereby minimizing hepatocellular death and vascular 

injury [30]. Rutin also exhibits membrane-stabilizing 

effects, preserving hepatocyte integrity under oxidative 

assault conditions, as shown in acetaminophen-induced 

liver injury models [9]. Moreover, the results observed 

in T4 indicate a dose-duration-dependent (inverse) 

Rutin efficacy, with longer Rutin exposure being more 

effective, facilitating the restoration of redox 

homeostasis and tissue repair. These findings are 

consistent with previous investigations suggesting that 

flavonoids may be therapeutic agents for drug-induced 

organ injury and support the idea of adopting bioactive 

plant-based compounds as additional therapies to 

reduce the toxic side effects of drugs. 

Tissue damage in the T2 group showed glomerular 

atrophy, tubular epithelial necrosis, interstitial 

hemorrhage, and inflammation, all classic signs of 

AKI. These are consistent with clinical descriptions of 

rare yet severe nephrotoxic allergic reactions to 

 

 
Figure 2. Picture (A and B) is the T2 group, which shows lymphoid infiltration (yellow arrow), Congestion in the central 

vein (blue arrow), and Pyknosis (green arrow). Picture (C) is the T3 group demonstrating normal arrangement of the hepatic 

cells (Yellow arrow) around the central vein (black arrow) sinusoidal capillaries (green arrow), Picture (D), the T4 group 

shows Normal cellular arrangement pattern (Yellow arrow) minor dilation central vein(black arrow) and minor dilation in the 

blood capillaries (green arrow). 
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Azithromycin, particularly associated with high doses 

or coexisting renal dysfunction [31]. The resulting 

injury in the T2 group may include tubular 

degeneration, glomerular atrophy, and vascular 

Congestion caused by oxygen radical production, 

followed by oxidative stress and apoptosis of proximal 

tubule cells. This is reinforced by increased 

proinflammatory cytokines and reduced mitochondrial 

membrane potential, consistent with Ranasinghe et al. 

(2023) [32]. T3 (rutin cotreatment group) was 

interestingly found to provide significant protection 

against these pathological changes. The reason may be 

Rutin's protective properties against oxidative stress, 

microvascular collapse, and inflammatory activation 

pathways. Rutin also suppresses tumor cell resistance 

to apoptosis by protecting mitochondrial structure. This 

was consistent with that of Diwan et al.,  who reported 

a protective effect of rutin treatment against impairment 

of glomerular histological structure and function in 

CKD rats  [33]. Furthermore, Rutin reversed endothelial 

dysfunction and ameliorated renal tubular damage, 

demonstrating systemic therapeutic potential and 

antioxidative activity. More favorable renal 

histological features in T3 should encourage co-therapy 

regimens in early therapy to minimize drug-induced 

nephrotoxicity. 

The significant difference between marked 

structural defects in group T2 and nearly normal 

nephros in group T4 once again indicates the protective 

role of Rutin as a potential therapeutic agent for the 

kidney. There was minimal hemorrhage and minimal 

tubular dilation in the preserved glomeruli, with 

complete histological recovery in T4 kidneys. This 

protective action is believed to occur through many 

pathways, including antioxidative effects against 

oxidative DNA and membrane damage, anti-

inflammatory effects by reducing the accessibility of 

immune cells, and increased renal perfusion and 

reduced ischemic stress. Further, this hypothesis that 

Rutin protects renal epithelium from apoptosis was also 

supported by Pandey et al. (2021), suggesting that it can 

be used in the presence of established trauma [34]. It 

has been demonstrated that administration of Rutin 

significantly decreased proteinuria, BUN, and 

creatinine levels in animals with CRF. The protective 

effect is related to its ability to prevent Rutin-induced 

inhibition of the TGF-β1/Smad pathway, which plays a 

role in kidney fibrosis and nephropathy development. 

 

 
Figure 3. It show kidney tissue in rats: picture (A) is the control group  (c), demonstrated normal kidney tissue, glomerulus 

(black arrow), Bowman's capsule  (yellow arrow), Proximal convoluted Tubule  (green arrow) and Distal convoluted tubule  

(brown arrow), picture (B) is T3 Group, demonstrated normal kidney tissue, glomerulus (black arrow), simple dilation in 

Bowman's capsule  (yellow arrow), Proximal convoluted Tubule  (green arrow) and Distal convoluted tubule  (brown arrow), 

picture (C) is T2 Group, demonstrated simple tissue changes, glomerulus (black arrow), simple dilation in Bowman's capsule  

(yellow arrow) and atrophy in glomerulus  (blue arrow), picture (D) is T4 Group, demonstrated tissue changes included dilation 

in Bowman's capsule  (yellow arrow) and atrophy in glomerulus  (blue arrow) and necrosis in Proximal convoluted Tubule (red 

arrow) (H and E, 40×). 
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Furthermore, as an antioxidant, Rutin helps restore 

the function of critical renal antioxidant enzymes 

(CAT, SOD, GSH-Px, GSR, and GST) that are known 

to be depleted during nephrotoxic responses [35]. 

Moreover, the restoration of renal structure in T4 may 

reflect Rutin's role in modulating the gut-kidney axis, 

as antibiotic-induced dysbiosis has been linked to 

systemic inflammation and renal decline [36, 37]. By 

preserving gut microbial balance and limiting systemic 

endotoxemia, Rutin may also confer indirect renal 

protection, an effect supported by the findings of Wang 

et al. [38].  

Azithromycin was found to cause morphological 

changes in both hepatic and renal tissues, as 

demonstrated by histopathology. Azithromycin 

treatment induces marked necrosis, fatty degeneration, 

vacuolated cytoplasm, bile duct proliferation, and 

inflammatory cell infiltration in the liver [39]. Renal 

histopathology demonstrates equally severe changes, 

including tubular epithelial cell degeneration, dilated 

urinary spaces, glomerular atrophy, inflammatory cell 

infiltration, and pyknotic nuclei  [40]. These 

morphological changes correspond to the functional 

impairments observed in biochemical parameters and 

reflect the progression from cellular damage to tissue-

level architectural disruption [41]. 

Co-administration of Rutin was found to exhibit 

significant histoprotective effects, as evidenced by the 

retained normal architecture in both organs. Rutin-

treated groups showed preserved liver 

histoarchitecture, minimal necrosis, a mild 

inflammatory infiltrate, and intact sinusoidal structures 

[42]. Renal walls reveal regenerating tubular 

epithelium, restored glomerular architecture, and 

reduced inflammatory alterations. The preserved 

normal histological appearance definitely correlated 

with the above-cited functional parameters, suggesting 

that Rutin demonstrated a protective effect at both the 

cellular and tissue levels [43]. This cytoprotection is 

most likely due to Rutin's ability to maintain cellular 

membrane integrity and reduce inflammation and 

apoptosis [41, 44]. 

Conclusion 

This study revealed that the excessive use of 

Azithromycin leads to severe hepatorenal tissue 

damage in albino rats, characterized by inflammation, 

cellular degeneration, and vascular Congestion. Rutin 

cotreatment significantly attenuated the destructive 

effects and preserved the tissue architecture with a 

 

 
Figure 4. It show kidney tissue in rats: picture (A),  (B) and (C) is T2 Group demonstrated tissue changes included dilation 

in Bowman's capsule and Distal convoluted tubule (yellow arrow), destruction in glomerulus  (Purple arrow) and necrosis in 

Proximal convoluted Tubule (red arrow), bleeding (black arrow), Congestion in the vein(blue arrow) and Inflammatory cell 

infiltration (green arrow), picture (D)  the T4 group,  demonstrated normal kidney tissue, glomerulus (black arrow), Bowman's 

capsule(yellow arrow), Proximal convoluted Tubule (green arrow) and Distal convoluted tubule(blue arrow), (H and E, 40×). 
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near-normal appearance. The observed protective 

effect of Rutin is largely attributable to its potent 

antioxidant and anti-inflammatory activities, which 

help mitigate oxidative stress, suppress the activation 

of inflammatory signalling pathways, and stabilize 

cellular integrity. These results indicate that Rutin is an 

efficacious chemoprotective adjuvant modality for the 

prevention of organ-specific toxicity associated with 

prolonged administration of Azithromycin, without 

compromising its antibacterial activity. More clinical 

trials are needed to elucidate the explicit molecular 

mechanisms, systemic dosing regimens, translational 

potential, and safety of rutin supplementation. 
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