
31NJMS   Vol. 4 Issue No. 4 October - December,  2025

COMPARATIVE ANALYSIS OF GABAPENTSAL AND GABAPENTIN INDUCED 
HISTOLOGICAL CHANGES IN LIVER AND KIDNEY TISSUES OF A MURINE EXPERIMENTAL 
MODEL

1 1 2 1 3 4Hajra Ayub , Walayat Shah , Ikramullah , Hafiz Abdul Salam , Muhammad Ikram , Muhammad Saleh Faisal
1. Department of Histopathology, Ins�tute of Pathology & Diagnos�c Medicine, Khyber Medical University, Peshawar, Pakistan 
2. Centre of Interdisciplinary Research in Basic Medical Sciences, Interna�onal Islamic University, Islamabad, Pakistan
3. Department of Pharmacy, COMSATS University, Abbo�abad, Pakistan
4.Department of Pharmacology, Khyber Medical College, Peshawar, Pakistan
Correspondence Email: drrsalehfaisal@gmail.com 
Received- 19th Sept 2025; Revisions received- 5th Dec 2025; Accepted- 16th Dec 2025

ABSTRACT

BACKGROUND: Chronic use of Gabapen�n has been associated with hepa�c and renal toxicity in some studies. Gabapentsal, a Schiff 
base deriva�ve of gabapen�n, has demonstrated diverse biological ac�vi�es and possesses a compara�vely lower toxicity profile.

OBJECTIVE : To compare the histological effects of gabapen�n and gabapentsal on liver and kidney �ssues in a murine model.

METHODOLOGY This experimental study was conducted at the Ins�tute of Pathology and Diagnos�c Medicine, Khyber Medical 
University, in collabora�on with the Centre for Interdisciplinary Research in Basic Sciences, Interna�onal Islamic University, 
Islamabad, and the Department of Pharmacy, Comsats University, Abbo�abad, Pakistan. Thirty BALB/c mice were randomly divided 
into five groups (n = 6). Group I served as the control and received normal saline. Groups II and III were administered gabapen�n at 
doses of 2.5 mg/kg and 5 mg/kg, respec�vely, while Groups IV and V received gabapentsal at the same doses. Histological evalua�on 
of liver and kidney �ssues was performed using a semi-quan�ta�ve scoring system assessing inflammatory cell infiltra�on, vascular 
dilata�on, architectural distor�on, and cellular degenera�on on a scale of 0–3 (0 = absent, 1 = mild, 2 = moderate, 3 = severe). Scoring 
was carried out by two independent blinded observers. Sta�s�cal analysis was performed using one-way ANOVA following 
assessment of data normality, with p < 0.05 considered sta�s�cally significant.

RESULTS :Gabapen�n-treated groups demonstrated significantly reduced hepatocyte counts (Group II: 91.6 ± SD; Group III: 68.6 ± SD 
vs control: 138 ± SD; p < 0.001) and increased central vein diameter and granulocyte infiltra�on (p < 0.001). In contrast, gabapentsal-
treated groups showed only mild histological altera�ons with significantly lower inflammatory scores and preserved �ssue 
architecture (p < 0.05 vs control). Similar trends were observed in renal �ssues, where gabapen�n induced marked glomerular 
enlargement and vascular dilata�on, while gabapentsal produced compara�vely minimal changes.

CONCLUSION: Histological findings suggest that gabapentsal induces fewer toxic effects on liver and kidney �ssues compared to 
gabapen�n, sugges�ng a safer toxicity profile
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Neuropathic pain is es�mated to affect 7 to 8 percent of the 
1, 2general popula�on and significantly impacts quality of life.  It is 

generally more challenging to treat than many other forms of 
3-5chronic pain.  This pain commonly occurs in condi�ons such as 

diabe�c neuropathy, post-herpe�c neuralgia, phantom limb pain, 
6and central neuropathies.

Gabapen�n, an an�convulsant medica�on, is commonly 
prescribed for neuropathic pain. It is also used in the 

7management of par�al seizures and restless legs syndrome.  In 
neuropathic pain management, gabapen�n func�ons as an 
effec�ve analgesic and is available in a wide dosage range, from 
100 to 800 mg. However, its clinical efficacy in trea�ng cispla�n-
induced neuropathic pain appears limited. Long-term therapy is 
o�en necessary for effec�ve management of neuropathic pain. 
This is an increasing concern due to the adverse effects associated 

with prolonged use of such drugs. Several studies have reported 
its poten�al to induce hepa�c damage even in pa�ents without 

8, 9pre-exis�ng liver disease.  

Chronic administra�on of gabapen�n has been shown in various 
studies to change liver and renal homeostasis; however, its exact 

10mechanisms are not fully inves�gated.  Similar to gabapen�n, 
even other an�convulsants like pregabalin are reported to cause 
inflammatory cell infiltra�on and conges�on of the central 

11veins.  The presence of mononuclear inflammatory cells in the 
sinusoids and periportal regions are reported in some studies 
indica�ng that leukocyte infiltra�on is a significant response of 

9, 12liver �ssue, which may result in �ssue damage.  

Extensive Schiff base deriva�ves of gabapen�n have a�racted 
much interest because many of these drugs showed diversified 
pharmacological ac�vi�es with favorable safety profiles. A recent 
study by Ahmad et al. demonstrated that gabapentsal, a Schiff 
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base deriva�ve of gabapen�n, could be more therapeu�cally 
rewarding as compared to gabapen�n in the management of 

7cispla�n-induced neuropathic pain.  Also, it has been reported to 
diminish the incidence of common adverse effects of gabapen�n, 
such as asthenia, ataxia, and motor disorders, with low incidences 

7, 13of motor discoordina�on or CNS depression.  Although 
gabapentsal is said to have fewer side effects compared to 
gabapen�n, its histological profile remains unknown; thus, this 
study aimed to evaluate and compare the histological effects of 
gabapentsal and gabapen�n on liver and renal �ssues.

Despite the widespread clinical use of gabapen�n, concerns 
regarding its long-term hepa�c and renal safety remain 
insufficiently addressed at the histological level. Chemical 
modifica�on of gabapen�n through Schiff base forma�on has 
been shown to enhance therapeu�c efficacy while poten�ally 
reducing systemic toxicity. Gabapentsal, a salicylaldehyde 
deriva�ve of gabapen�n, has demonstrated superior 
an�nocicep�ve effects with fewer central nervous system 
adverse effects. However, a comprehensive compara�ve 
histological evalua�on of its effects on vital organs such as the 
liver and kidneys is lacking. Therefore, the present study was 
designed to systema�cally compare the histopathological effects 
of gabapen�n and gabapentsal on hepa�c and renal �ssues using 
both qualita�ve and quan�ta�ve parameters.

METHODOLOGY

All animals were housed in polypropylene cages (six mice per 
cage) under standard laboratory condi�ons with controlled 
temperature (22 ± 2°C), rela�ve humidity (55 ± 10%), and a 12-
hour light/dark cycle. Animals had free access to a standard pellet 
diet and water ad libitum. All procedures were performed in 
accordance with ins�tu�onal ethical guidelines for animal care.

This experimental study was conducted at the Ins�tute of 
Pathology and Diagnos�c Medicine, KMU, in collabora�on with 
the Centre for Interdisciplinary Research in Basic Sciences, 
Interna�onal Islamic University, Islamabad, and the Department 
of Pharmacy, COMSATS University, Abbo�abad, Pakistan. 
Gabapen�n was purchased from Hilton Pharma Limited, Karachi, 
and Gabapentsal was acquired from the Department of 
Pharmacy, COMSATS University, a�er which its pharmacokine�c 
profiling was performed at the Centre for Interdisciplinary 
Research in Basic Sciences, Interna�onal Islamic University. A 
total of thirty BALB/c mice were procured from the veterinary 
research ins�tute, Peshawar. They were divided into five groups, 
each consis�ng of six animals, using a simple randomiza�on 
technique. The control group received 0.2 mL of normal saline, 
while the treatment groups were administered either gabapen�n 
or gabapentsal, with the dosing of 2.5 mg/ kg or 5 mg/ kg body 
weight.14 Stock solu�ons of Gabapen�n and Gabapentsal were 
prepared by dissolving 3 mg of each compound in 3 ml of a 3% 
Tween 80 solu�on (a non-ionic surfactant widely used in pre-
clinical pharmacological research to facilitate dissolu�on and 
uniform dosing of poorly soluble compounds in oral gavage 

studies). The required doses (2.5 mg/kg and 5 mg/kg) were 
subsequently calculated based on the individual weight of each 
mouse (ranging from 25 g to 35 g) and administered via oral 
gavage using appropriately sized gavage tubes. The treatments 
were administered once daily for a period of eight weeks. The 
control group received the same volume of normal saline using 
the same method.

Mice were anesthe�zed by the use of chloral hydrate at the end of 
the treatment period. This was followed by the excision of their 
liver and kidneys, which were fixed in 10% neutrally buffered 
formalin for 24 hours. Subsequent to fixa�on, �ssues were 
reduced into small sec�ons of approximately 1-3 mm thickness 
before embedding into paraffin. Resul�ng sec�ons were placed 
on glass slides and stained with hematoxylin and eosin. The slides 
were covered with coverslips and examined under an op�cal 
bright-field microscope. Histological features were digitally 
captured using a DSLR camera at magnifica�ons of 20X and 40X.

Ethical approval was obtained from the ins�tu�onal Ethical 
thCommi�ee, Ins�tute of Pathology & Diagnos�c Medicine on 25  

Sept 2023, with approval number KMU/IPDM/IEC/2023/17.

Histological Scoring and Blinding: 

Histological assessment was performed using a semi-quan�ta�ve 
scoring system evalua�ng inflammatory cell infiltra�on, vascular 
dilata�on, cellular degenera�on, and architectural distor�on. 
Each parameter was graded on a scale from 0 to 3 (0 = absent, 1 = 
mild, 2 = moderate, 3 = severe). Two independent observers, 
blinded to the treatment groups, performed the scoring, and 
mean scores were used for sta�s�cal analysis.

Sta�s�cal Analysis

Data were tested for normality using the Shapiro–Wilk test before 
inferen�al analysis. As data followed a normal distribu�on, one-
way ANOVA was applied followed by Tukey's post-hoc test for 
mul�ple group comparisons. Sta�s�cal significance was set at p < 
0.05.

RESULTS

Histological Changes in Liver Tissue

The gabapen�n-treated groups (Groups II and III), demonstrated 
marked histopathological changes in liver �ssues, characterized 
by lobular cellular infiltra�on, dilata�on of the central vein, 
marked inflamma�on of portal and periportal areas, 
hemorrhage, and loss of hepa�c architecture (Figure 1B & C). In 
contrast, the liver �ssues of the Gabapentsal-treated groups 
(Groups IV and V) maintained hepa�c architecture intact, with no 
observable changes in the sinusoids or central vein. Mild lobular 
and portal/periportal inflamma�on was, however, noted (Figure 
2B & C).
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Figure 2. Effect of Gabapentsal on liver �ssue. A: Group I (Control), B: Group IV (Gabapentsal 2.5 mg/kg), C: Group V (Gabapentsal 5 
mg/kg). Liver �ssues from the Gabapentsal 2.5 mg/kg group showed mild portal/periportal inflamma�on (B), while �ssues from the 
Gabapentsal 5 mg/kg group exhibited mild lobular and portal inflamma�on (C). Central vein (CV), portal vein (PV), and bile duct (BD) 
are indicated. Magnifica�on 40X (H&E).
Hepatocyte count, central vein diameter, and granulocyte count were analyzed using Image-J so�ware. As shown in Table 1, 
hepatocyte counts were markedly reduced in the gabapen�n-treated groups compared with the control (p < 0.001), whereas the 
gabapentsal-treated groups exhibited moderate changes, reflec�ng a weaker sta�s�cal difference from the control (p < 0.05). The 
mean central vein diameter increased in the gabapen�n-treated groups. In contrast, the gabapentsal-treated groups showed 
reduc�ons, with a smaller decrease in Group IV (p < 0.05) and a more pronounced decrease in Group V (p < 0.001). The mean 
granulocyte count increased markedly in the gabapen�n-treated groups, whereas a moderate increase was observed in the 
gabapentsal-treated groups; all treatment groups differed significantly from the control (p < 0.001). 
Histological Changes in Kidney Tissue
The kidney �ssue of the control group (Group I) exhibited normal histological characteris�cs. In contrast, the kidney �ssues from the 
gabapen�n-treated groups (Groups II and III) demonstrated significant pathological changes, including severe dilata�on of the 
cor�cal �ssue, enlarged glomeruli, dilated blood vessels, and infiltra�on of inflammatory cells, as illustrated in Figure 3B & C. 
Conversely, kidney �ssues from the gabapentsal-treated groups (Groups IV and V) displayed only mild architectural altera�ons, 
including slightly dilated glomeruli and blood vessels, along with mild inflammatory cell infiltra�on (Figure 4B & C).

Figure 1. Effect of Gabapen�n on liver �ssue. A: Group I (Control), B: Group II (Gabapen�n 2.5 mg/kg), C: Group III (Gabapen�n 5 
mg/kg). Liver �ssues from the gabapen�n-treated groups showed cellular infiltra�on, central vein conges�on, mild portal 
inflamma�on (arrow), and distor�on of hepa�c architecture (asterisk). Magnifica�on 40X (H&E).
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Figure 3. Effect of Gabapen�n on kidney �ssue. A: Control, B: Gabapen�n 2.5 mg/kg, C: Gabapen�n 5 mg/kg. Kidney �ssues from the 
gabapen�n-treated groups exhibited cor�cal dilata�on (asterisk), dilated glomeruli (G) with endothelial cell swelling (arrow), and 
early necro�c changes in the tubules (arrowhead) (B–C). Magnifica�on 40X (H&E).

Figure 4. Effect of Gabapentsal on kidney �ssue. A: Control, B: Gabapentsal 2.5 mg/kg, C: Gabapentsal 5 mg/kg. Kidney �ssues from 
gabapentsal-treated mice exhibited mild architectural altera�ons, with hemorrhage (arrowhead) among degenerated tubules and 
inflammatory cell infiltra�on (circle) (B–C). Magnifica�on 40X (H&E).
Quan�ta�ve morphometric analysis was performed using ImageJ so�ware. All values are expressed as mean ± standard devia�on 
(SD). Gabapen�n-treated groups exhibited a significant reduc�on in hepatocyte count and a marked increase in central vein diameter 
and granulocyte infiltra�on compared to controls (p < 0.001). Gabapentsal-treated groups demonstrated significantly lower 
histological scores and milder changes (p < 0.05 vs control) (Table 1).
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The liver and kidneys are quite sensi�ve to the toxic ac�on of 
xenobio�cs, as they are richly supplied with blood and are 
involved in the basic biotransforma�on and excretory processes 
in the body. Among the various categories of drugs, these are two 
organs commonly implicated in drug-induced toxicity. Thus, the 

15, 16study of the safety of drugs on these organs is paramount.

In the current study, due to prolonged administra�on of 
gabapen�n, liver �ssues exhibited changes like hepa�c 
architecture disrup�on, inflamma�on of portal and periportal 
veins, and dilata�on of the central vein. These changes are 
consistent with the findings of Abdulhussein et al., narra�ng that 
prolonged gabapen�n exposure may lead to hepatocellular 
degenera�on and inflammatory infiltra�on. Likewise, effects of 
vascular and inflammatory altera�ons have been reported for 

8drug-induced hepatotoxicity. In the current study, gabapentsal- 
treated mice exhibited preserved hepa�c architecture with mild 
inflamma�on, rela�ng with evidence where schiff-base 
deriva�ves showed reduced systemic toxicity compared to 

17gabapen�n.

The dilata�on and conges�on of sinusoids, central venules, portal 
veins, and hepa�c arteries are the outcomes of inflamma�on. It is 
ini�ated by transient vasoconstric�on followed by vasodilata�on, 
mainly through the ac�on of histamine from mast cells and 
basophils. This increases regional blood flow and overflows 
downstream capillaries, which become more permeable and 
allow protein-rich fluid and WBCs into extravascular �ssues. RBC 
concentra�on consequently increases, reducing blood flow and 
making circula�on slower. This corresponds microscopically to 

18numerous dilated small vessels packed with erythrocytes.

In this study, kidney specimens from gabapen�n-treated groups 
showed severe cor�cal dilata�on, dilated glomeruli, expanded 
blood vessels, and inflammatory cell infiltra�on. These findings 
are in agreement with other studies showing that chronic 
gabapen�n treatment causes significant histological changes in 

9the kidneys.

Moreover, pregabalin, an an�convulsant drug structurally related 
to gabapen�n, in high doses can also induce renal histological 
changes characterized by dilated glomeruli, tubular damage and 

11vacuola�on.  Numerous studies have documented significant 
histological altera�ons in the glomeruli and tubules of renal �ssue 

19-21following exposure to various toxic substances.  The �ssue 
destruc�on noted in our findings are mainly brought about by 
inflammatory cells. It is accompanied by repair processes such as 
blood vessel dilata�on, conges�on, new vessel prolifera�on, and 
fibrosis, which cons�tute chronic inflamma�on. This form of 
inflamma�on occurs when the acute response cannot be 
resolved by the persistent injurious agents. It is characterized by 
the infiltra�on of mononuclear cells, primarily macrophages, 

8lymphocytes, and plasma cells.

Conversely, gabapentsal produced mild renal morphological 

changes, as also reported in other studies, which suggest that 
chemical modifica�on of gabapen�n reduces its poten�al for 
nephrotoxicity. Moreover, Schiff base deriva�ves contain an  
azomethine group (R–C=N) and are known to exhibit various 

17, 22biological ac�vi�es with low toxicity.

This study has certain limita�ons. Biochemical markers of hepa�c 
and renal func�on were not assessed, which could have provided 
addi�onal func�onal correla�on to the histological findings. The 
study was limited to a single animal species and a fixed treatment 
dura�on; therefore, dose-response rela�onships and long-term 
toxicity profiles require further inves�ga�on. Future studies 
incorpora�ng molecular and oxida�ve stress markers are 
warranted to elucidate be�er the mechanis�c basis of the 
observed histological changes.

CONCLUSION

This study demonstrates that prolonged gabapen�n 
administra�on produces pronounced histopathological damage 
in hepa�c and renal �ssues, including inflammatory infiltra�on, 
vascular dilata�on, and disrup�on of normal architecture. In 
contrast, gabapentsal induced only mild structural altera�ons 
with largely preserved liver and kidney morphology, even at 
higher doses. These findings indicate that gabapentsal has a 
compara�vely safer hepa�c and renal toxicity profile than 
gabapen�n following chronic exposure.

RECOMMENDATIONS:

Further studies should incorporate biochemical markers of liver 
and kidney func�on to corroborate the histological findings. 
Mechanis�c inves�ga�ons are recommended to elucidate the 
pathways responsible for the reduced toxicity of gabapentsal. 
Long-term and dose-escala�on studies, as well as compara�ve 
efficacy evalua�ons, are warranted to be�er define its safety 
margin. Addi�onally, transla�onal and clinical studies should be 
considered to assess the therapeu�c applicability of gabapentsal 
as a safer alterna�ve for long-term management of neuropathic 
disorders.
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