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ABSTRACT: Drug-induced hepatotoxicity is a usual way that the liver can suffer harm regardless of the advantageous
roles of liver. Gentamicin-induced hepatotoxicity is a significant clinical disadvantage. It is believed that gentamicin-
induced hepatotoxicity is due to formation of free radicals. Like other synthetic antioxidant compounds, Schiff bases also
have the ability to scavenge free radicals. This study emphasizes the hepatoprotective potential of Schiff bases
(Designated as compound A and compound B) in a gentamicin-induced hepatotoxicity animal model. Thirty mices were
randomly divided into six groups of five each. Group 1 was injected with 0.9% normal saline intraperitoneally (I.P.) per
day and served as control while group 2 received gentamicin I.P. at a dose level of 100mg/kg/day. Group 3 received
gentamicin 100mg/kg/day I.P. and compound SW8/SB at a dose level of 25mg/kg/day orally. Group 4 was injected
with gentamicin 100mg/kg/day L.P. and SW8/SB at a dose level of 50mg/kg/day orally. Similarly group 5 received
gentamicin 100mg/kg/day I.P. and SW10/SB at a dose level of 25mg/kg/day orally. Group 6 received 100mg/kg/day
of gentamicin L.P. and 50mg/kg/day of SW10/SB orally. The said procedure lasted for eight days. Then liver function
was evaluated by measurement of biomarkers of the liver, including total bilirubin, alkaline phosphatase, and alanine
aminotransferase. In addition to this, histological studies were performed to point out pathological changes in liver.
Gentamicin administration elevated serum level of alanine aminotransferase, alkaline phosphatase and total bilirubin as
well as gentamicin treatment also caused histopathological alterations. However, administration of Schiff bases reduced
both serum level of hepatic biomarkers and histopathological changes. The 50mg/kg of compound SW10/SB showed
almost normal histoarchitecture. It is concluded that Schiff bases have the ability to reduce gentamicin-induced
hepatotoxicity in mice. However, further studies are still required to further determine the safety and physiological
mechanisms behind this effect.

KEYWORDS: Drug induced liver injury (DILI); Schiff bases; histoarchitecture; hepatotoxicity; gentamicin; compound
A/CA (SW8/SB); Compound B/CB (SW10/SB).

1. INTRODUCTION

Vital biological processes carried out by the liver include the metabolism of macronutrients (fats,
carbohydrates, and proteins), removal of chemicals particularly those that lead to various health issues,
secretion of bile, storage of vitamins & blood purification [1]. Since the liver metabolizes and removes
majority of drugs, drug toxicity frequently affects the liver. One of the main clinical issues that causes acute
liver failure and occasionally demands liver transplantation is drug-induced liver injury (DILI) [2]. Almost
1000 medications have been reported to produce risk of liver damage [3]which is the main reason behind
withdrawl of these pharmaceuticals from market after post marketing surveillance [4].
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Gentamicin, member of aminoglycoside group is active against infections caused by gram negative
bacteria [5]. Apart from clinical effectiveness, gentamicin also causes hepatotoxicity [6] as well as
nephrotoxicity [7]. Oxidative stress, lipid peroxidation, reactive oxygen species formation, DNA damage,
protein denaturation, apoptosis, necrosis, monocyte infiltration, and production of proinflammatory
cytokines are among the processes that have been considered to cause gentamicin-induced hepatotoxicity.
Out of these mechanisms, oxidative stress is considered the major one behind hepatotoxicity. Defects in
mitochondrial function and a decrease in antioxidant enzymes like catalase are the results of these processes.
Moreover, oxidative stress leads to the stimulation of transcription factor like nuclear factor-xB (NF-xB)
which plays a crucial role in the regulation of genes involved in inflammatory process such as the inducible
nitric oxide synthase (iNOS), cycloxygenase-2 (COX2), interleukin-1b (IL-1b) and tumor necrosis factor-a
(TNF-a). Excessive intracellular reactive oxygen species (ROS) production could lead to cell apoptosis
through the modulation of Bcl2 family proteins and caspases [8]. Liver injury elevates the level of certain
biomarkers such as hepatic alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline
phosphatase (ALP) enzymes. These biomarkers are extensively used for evaluation of liver function [9].

Advancement in drug discovery has not yet developed any medicine which can protect the liver from
hepatotoxic effects of drugs [10]. Silymarin is a mild hepatoprotective agent which exhibits different
activities such as antioxidant, lipid peroxidation reduction, glutathione level elevation, reduction of
mutation risk, and hepatogenesis [11]. Schiff bases have been studied widely but only few data is available
regarding its hepatoprotective ability. The compound 3-(5-Bromo-2-hydroxybenzylideneamino)-2-(5-bromo-
2 hydroxyphenyl)-2,3-dihydroquinazoline-]4(1H)-one which is also known as Q-Br is a member of
quinazoline Schiff base has demonstrated to lessen thioacetamide's harmful effects. [12].

Schiff bases, first reported by Hugo Schiff are just like aldehyde or ketone compounds with only
difference is in their replacement of carbonyl functional group with imine or azomethine (-C=N-) functional
group as shown in figure 1, where Ry can be H or alkyl group and R» can be phenyl or substituted phenyl
group. The structure of Schiff base contains carbon-nitrogen double bond where nitrogen is furthure
connected with Alkyl or Aryl group (Rs) but not hydrogen [13]. Schiff bases containing aliphatic aldehydes
are relatively unstable and readily polymerizable [14] where as aromatic aldehydes containing Schiff bases
having effective conjugation are more stable [15]. Schiff bases posses wide range of therapeutic benefits like
antiinflammatory [16], analgesic [17], antibacterial [18], antiepileptic [19], anti-tuberculosis [20],
antineoplastic [21], antioxidant [22] and anthelminthic [23]. In the past few years, metal complexes with
schiff bases have gained much more importance. Therapeutic activity of Schiff bases can be boosted by
designing their complex with transition metals [24]. Schiff bases have the ability of forming a monolayer on
damaged surfaces for protection and in this way it acts as a corrosion inhibitor [25]. The current study
focuses on the establishment of scientific validity to the hepatoprotective property of specified Schiff bases to
prevent hepatotoxicity induced by gentamicin in mice.

R,
=N
R, R,

Figure 1. General Schiff Base Structure

2. RESULTS
2.1. Effect on hepatic biomarkers
2.1.1. Alanine aminotransferase (ALT) / Serum Glutamate Pyruvate Transaminase (SGPT)

Gentamicin-induced mice presented increased serum ALT level as compared to control group (blue
bar). On the other hand, decreased serum ALT level was found in most groups treated with schiff bases as
compared to gentamicin treated group (green bar). Administration of different doses of Schiff bases, 50
mg/kg of SW8/SB (CA) & SW10/SB (CB) reduced ALT level more significantly (™ p<0.01) whereas 25
mg/kg of SW10/SB (CB) lowered the ALT level high significantly (™ p<0.001). Compound SW8/SB (CA) in
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a dose of 25mg/kg did not show any significant effect (ns: No significance). Figure 2 represents effect of
different doses of Schiff bases on ALT level.

100

T *%*

ALT (SGPT) Level

Dose (mg/kg)

Figure 2. Graphical Representation of effect of administrtion of Gentamicin, and different doses of Schiff
bases for eight days on ALT (SGPT) level. Gentamicin intoxication with 100mg/kg elevated the ALT level
(Represented by blue bar with two starts **) whereas 50 mg/kg of compound A (CA) and compound B
(CB) reduced the serum ALT level elevated by gentamicin more significantly (** p<0.01). 25mg/kg of
compound B (CB) reduced the elevated serum ALT level high significantly (***p<0.001). 25 mg/kg of
compond A (CA) did not show any significant effect on ALT level (ns).

2.1.2. Alkaline Phosphatases (ALP)

Gentamicin-induced mice showed increased serum ALP level than control group (blue bar). However,
among administrations of various doses of Schiff bases i.e. 25mg/kg & 50mg/kg of SW8/SB (CA) and
25mg/kg & 50mg/kg of SW10/SB (CB), only 50mg/kg of SW8/SB (CA) decreased the ALP level more
significantly (™ p<0.01). No significant effect was found on serum ALP level (ns) with other doses of schiff
bases. Figure 3 represents effect of Schiff bases on alkaline phosphatase (ALP) level.
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Figure 3. Graphical representation of effect of Gentamicin and Schiff bases administration for eight days on ALP
level. Genatmicin intoxication with 100mg/kg elevated the serum ALP level ( Blue bar with one star *). Among
doses of Schiff bases only 50 mg/kg of compound A (CA) reduced the elevated serum ALP level more
significantly (** p<0.01). Remaining doses of compounds didn’t show any significant effect on ALP level (ns).
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2.1.3. Total bilirubin

Administration of gentamicin in mice raised the bilirubin level as compared to control group (blue
bar). However, treatment with Schiff bases lowered this increased bilirubin level. As represented in figure 4,
only 25mg/kg & and 50mg/kg of SW10/SB (CB) significantly (* p<0.05) reduced the bilirubin level whereas
both doses of SW8/SB (CA) did not show any considerable effect on bilirubin level (ns).
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Figure 4. Graphical representation of effect of gentamicin and Schiff bases administration for 8 days on
Total Bilirubin level. Intoxication with 100 mg/kg of gentamicin elevated the serum total bilirubin level
(blue bar with one stars*). 25 mg/kg & 50 mg/kg of compound B (CB) reduced the elevated serum total
bilirubin level significantly (* p<0.05) whereas, both doses of compound A (CA) didnt not show any
significant effect on total bilirubin level (ns).

2.2, Effects on Liver Morphology

According to histopathological findings, almost normal hepatic architecture of group 1 (Control
group) was found in which hepatocytes are present around central vein with blood sinosoids (Figure 5A).
Liver sections of group 2 in which gentamicin was injected showed significant pathological alterations
characterized by spotty necrosis, ballooning degeneration, pyknotic nuclei, and sinosoidal dilatation (Figure
5B & 5C). Liver section of group 3 administered with gentamicin 100mg/kg/day and Schiff base SW8/SB
25mg/kg/day revealed ameliorative effect but still there is present some degree of ballooning degenaration,
portal inflammation, spotty necrosis, pyknotic nuclei, and sinosoidal dilatation (Figure 5D).
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Figure 5. A. Histological section of liver of control group (Microscopic illustration of normal saline-
induced liver exhibits almost normal histoarchitecture. CV: Central vein, H: Hepatocytes, S: Sinosoids). B.
Histological section of liver of gentamicin-induced group (Black arrows represent marked ballooning
degenaration). C. Histological section of liver of gentamicin-induced group (Red arrows show marked
pyknotic nuclei, Yellow arrows represent mild sinosoidal dilatation and black arrow represents moderate
spotty necrosis). D. Histological section of liver of gentamicin + SW8/SB 25mg/kg induced group (Green
arrow represents mild ballooning degenaration, Blue arrow represents moderate portal inflammation,
Black arrow represents mild spotty necrosis, Red arrows represent mild pyknotic nuclei & Yellow arrow
shows mild sinosoidal dilatation).

In the histologic section of group 4 treated with gentamicin 100mg/kg/day and SW8/SB
50mg/kg/day, there is found mild ballooning degeneration, pyknotic nuclei & portal inflammation.
However, sinosoidal dilatation is almost absent (Figure 6A). The liver sections of group 5 administered with
gentamicin 100mg/kg/day and SW10/SB 25 mg/kg/day showed almost same degree of pathological
changes as observed in liver section of group 3 (Figure 6B & 6C). Liver section of group 6 treated with
gentamicin 100mg/kg/day and SW10/SB 50mg/kg/day exhibited almost normal hepatic architecture.
However, mild degree of pyknotic nuclei and ballooning degenaration is still present (Figure 6D).
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Figure 6.A. Histological section of liver of gentamicin + SW8/SB 50mg/kg induced group (Green arrow
shows mild ballooning degenaration, Red arrow represents mild pyknotic nuclei & blue arrow points out
mild portal inflammation). B. Histological section of liver of gentamicin + SW10/SB 25mg/kg induced
group (Red arrow represents mild pyknotic nuclei & Green arrows represent mild ballooning
degenaration). C. Histological section of liver of gentamicin + SW10/SB 25mg/kg induced group (Black
arrow represents mild spotty necrosis, Blue arrow represents moderate portal inflammation & Yellow
arrows show mild sinosoidal dilatation). D. Histological section of liver of gentamicin + SW10/SB
50mg/kg induced group (Red arrow points out mild pyknotic nuclei & Green arrow represents mild
ballooning degenaration)

It should be noted that some kind of portal inflammation was found in groups ( Group 3, 4 & 5)
administered with Schiff bases ( Figure 5D, 6A, 6B & 6C). This finding may be associated with adverse effect
of Schiff bases.

3. DISCUSSION

Various physiological functions are carried out by liver, including metabolism, detoxification, and bile
secretion [1]. Hepatotoxicity by drug is a major clinical problem that may result in acute liver failure and, in
severe cases, lead to transplantation [2]. Many drugs have been associated with the risk of liver damage
which is the main reason behind withdrawal of some pharmaceuticals from market after post-marketing
surveillance [3, 4].

Gentamicin belongs to aminoglycoside antibiotic group and is effective against gram-negative
bacterial infections [5]. Gentamicin is known for its hepatotoxic and nephrotoxic effects [6, 7]. The precise
mechanisms of liver damage by gentamicin are not fully recognized, but lipid peroxidation and the
production of reactive oxygen species are believed to play a role [8]. Anti-inflammatory and antioxidant are
the two mechanisms of Schiff bases that may be associated with its protective effect against gentamicin-
induced hepatotoxicity [16, 22].

To investigate the hepatoprotective effect of Schiff bases, we conducted experiments on Swiss Albino
Mice, treating them with combinations of gentamicin 100mg/kg and different doses (25mg/kg & 50mg/kg)
of Schiff bases.
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We measured serum biomarkers such as Alanine aminotransferase (ALT), alkaline phosphatase
(ALP), and Total bilirubin to assess hepatic function. Alanine aminotransferase (ALT)/serum glutamate
pyruvate transaminase (SGPT) is common and accurate indicator of Hepatocytes necrosis. The enzyme is
predominantly found in the liver [26]. Alkaline phosphatase is present on the sinusoidal surface of
hepatocytes and in the liver’s bile canaliculi [27]. Liver or bones are the main source of circulating alkaline
phosphatase [28]. Damaged liver lost the ability to eliminate ALP from liver, bone and intestine [29].
Hemoglobin catabolism produces bilirubin [30]. Liver lesions cause hepatocytes reduction that may lead to
hyperbilirubinemias [31]. Serum analysis of bilirubin is frequently used as a diagnostic tool for liver
problems but bilirubin is not considered a particular marker of hepatic function so other authentic diagnostic
procedures are required for careful monitoring of hepatic function [32]. Mice intoxicated with gentamicin
100 mg/kg showed elevated levels of these biomarkers, indicating liver damage. However, supplementation
with Schiff bases (SW8/SB & SW10/SB) brought about a significant reduction in ALT, ALP, and total
bilirubin levels, especially at specific doses of the compounds. This suggests that Schiff bases have
hepatoprotective properties, as they helped restore normal liver function.

Histopathological examination of liver tissues provided further awareness. The gentamicin-induced
group expressed marked pathological changes, including spotty necrosis, pyknotic nuclei, ballooning
degeneration, and sinosoidal dilatation (Figure 5B & 5C). However, the group supplemented with Schiff
bases, particularly at certain doses, showed milder histopathological alterations. Furthermore the group
supplemented with SW10/SB (CB) at a dose level of 50mg/kg represented nearly normal histoarchitecture
(Figure 6D). The mild to moderate histopathological changes in liver of groups supplemented with low dose
Schiff bases (25mg/kg/day) indicate a dose-dependent response (Figure 5D, 6B & 6C). These findings
validate the biochemical results and support the idea that Schiff bases can protect the liver from gentamicin-
induced damage.

The correlation of biochemical and histopathological results provides a brief picture of liver function
recovery. However, relying solely on these parameters may not be enough and can be benefitted from more
precise biomarkers such as gamma-glutamyl transpeptidase (GGT), HMGBI1, cytokeratin 18 (K18),
glutathione-S-transferase-a (GST-a), glutamate dehydrogenase (GLDH), malate dehydrogenase (MDH),
oxidative stress (e.g., malondialdehyde, glutathione levels) or inflammation (e.g., TNF-a, IL-6)and
microRNAs (miRNA) etc. As observed in histopathological findings that 50 mg/kg dose of Schiff bases
represented almost normal histology, doses beyond 50 mg/kg raises questions whether higher doses would
be beneficial or toxic.

The study does not elaborate the actual mechanism of Schiff bases whether it is anti-inflammatory or
antioxidant activity in reversing the gentamicin-induced hepatotoxicity. Moreover, the study shows short-
term results and does not address long-term effects of Schiff bases. It is unclear whether the protective effect
is sustained on liver or damage may recur when treatment with Schiff bases is stopped. The study just uses
gentamicin as a hepatotoxic drug that limits the general applicability of findings. The research would
provide broader understanding if conducted on different liver injury model such as alcohol-induced,
paracetamol-induced, thioacetamide-induced and carbon tetrachloride (CCly)-induced model etc.

Our study is basically contribution to the hepatoprotective effect of schiff bases since few publication
are available pointing out hepatoprotection by schiff bases. One of the studies focused to explore the
hepatoprotective effects of a ruthenium(Il) Schiff base complex in a diet-induced pre-diabetic rat model.
ruthenium(ll) Schiff base complex was administered at a dose level of 15 mg/kg, both with and without
dietary intervention, over 12 weeks. Results indicated that the treatment restored liver and body weights
and reduced biomarkers of liver damage, including liver enzymes, bilirubin, and sterol regulatory element
binding protein 1c (SREBP-1c) levels. The findings suggest that the ruthenium(Il) complex may prevent
diabetes-related liver dysfunction while avoiding hepatotoxicity, though further research is required to
illustrate the underlying mechanisms [33]. While silymarin is a well-known hepatoprotective agent [36], our
study aimed to evaluate the potential of Schiff bases as alternatives. The results indicate that some Schiff
bases, especially at specific doses, have hepatoprotective effects comparable to silymarin. This is significant
because it suggests that synthetic compounds like Schiff bases could be explored as potential treatments or
preventive agents for liver diseases.

This study provides scientific evidence supporting the hepatoprotective potential of selected Schiff
bases against gentamicin-induced hepatotoxicity in mice. These findings open approaches for further
research into the use of Schiff bases as therapeutic agents for liver diseases, especially drug-induced liver
injury.
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4. CONCLUSIONS

The findings of the study support hepatoprotective effect of Schiff bases against gentamicin-induced
hepatotoxicity. Schiff bases was effective in returning the liver’s biomarker level to normal. Similarly, Schiff
bases also recovered gentamicin-induced histopathological alterations. Therefore, Schiff bases can be used
for creation of novel medication or supplement that protect the liver. In order to bring these compounds in
final clinical use, additional research is needed to reach its various aspects such as mechanism of action,
pharmacokinetics, pharmacodynamics and safety profile etc. Moreover, as mentioned earlier that complexes
of Schiff bases with transition metals have better therapeutic activity. Therefore, hepatoprotection by Schiff
bases may be furthure enhanced if additional study is conducted on complexes of SW8/SB & SW10/SB with
transition metals.

5. MATERIALS AND METHODS
5.1. Preparation of Schiff bases

Schiff bases (SW8/SB & SW10/SB) were prepared by Assistant Professor Dr. Wadood Ali Shah of
Malakand University. Synthesis of Schiff base involves two steps. In the first step there is condensation of
aldehyde or ketone compounds with amine which gives rise to intermediate compound known as
carbinolamine and in the second step dehydration of intermediate molecule occurs as shown in figure 7.
Dean Stalk apparatus is employed for this reaction. Schiff base reaction is reversible, and the intermediate
compound known as carbinolamine formed during this reaction is dehydrated by using acid or base catalyst
or upon heating. After completion of reaction, molecular sieve is used to remove water completely. Removal
of the final product or dehydration moves the process towards completion [34].

Hon, T == | b -
R, Ry R, Ry
Aldehyde or ketone Amines Carbinolamine Schiff base

Figure 7: Reaction involved in synthesis of Schiff Bases

5.2. Chemicals

Muhammad Zai medical store, peshawar, pakistan provided gentamicin (Manufactured by Abbott
Laboratories, Pakistan), silymarin (Manufactured by Abbott Laboratories, Pakistan) and normal saline
(Manufactured by Marions Laboratories Pakistan). 10% Neutral Buffered Formalin (Manufactured by Sigma-
Aldrich, USA) and chloroform (Manufactured by Sigma Aldrich, USA) was provided by the pharmaceutical
chemistry lab of pharmacy department, AWKUM. Synthetic compounds (SW8/SB & SW10/SB) were
dissolved in Di Methyl Sulphoxide (Manufactured by Akkshat Pure Chem, India) in saline. Chemical
structures of both Schiff bases under study, SW8/SB & SW10/SB are illustrated in figure 8 & 9 respectively.

Cl
NH,
o
+
Cl Cl
2,6-dichlorobenzaldehyde 4-chloroaniline
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Figure 8. Chemical Structure of SW8/SB or Compound A (CA) or 2, 6-dichlorobenzaldehyde + 4-
chloroaniline

Cl
Cl

=

H,N cl
cl 2

2,6-dichlorobenzaldehyde 3,4-dichloroaniline

Figure 9. Chemical Structure of SW10/SB or Compound B (CB) or 2, 6-dichlorobenzaldehyde + 3, 4-
chloroaniline

5.3. Experimental animals and protocol

Mice (Swiss Albino) of both genders weighing 25-35 grams were provided by the veterinary research
institute (VRI) in Comsats University of Science and Information technology, Abbottabad Pakistan. The mice
were kept in cages within an animal house having proper ventillation facility of Pharmacy department of
Abdul Wali Khan University, Mardan, Pakistan. Animal house temperature was maintained at 24+2°C. The
mice were given 7 days to adjust with the environment of light and dark cycle of 12 hours duration each
before procedure. The mice were provided with fresh water and a standard rodent food (pellets) throughout
the research. All protocoals were fulfilled according to the standards set by an independent panel of the
pharmacy department of Abdul Wali Khan University Mardan (AWKUM). 30 mice were divided in to 6
groups and each group consist of five mice. Mice of each group received normal saline, gentamicin, and
synthetic compounds for 8 days in the following manner:

Group 1 (n=5): This group, also know as control group was injected with vehicle/normal saline only.

Group 2 (n=5): Mice of this category were injected with the hepatotoxic dose of gentamicin i.e.
100mg/kg/day through intraperitoneal route.

Group 3 (n=5): These mice were injected with gentamicin (100mg/kg/day) intraperitoneally as in group 2
along with oral administration of SW8/SB (25mg/kg/ day).

Group 4 (n=5): This category received intraperitoneal administration of gentamicin (100mg/kg/day) as in
group 2 along with oral administration of SW8/SB (50mg/kg/day).

Group 5 (n=5): These mice received intraperitoneal administration of gentamicin (100mg/kg/day) as in
group 2 along with oral administration SW10/SB (25mg/ kg/day).

Group 6 (n=5): These mice received intraperitoneal administration of gentamicin (100mg/kg/day) as in
group 2 along with oral administration of SW10/SB (50mg/kg/ day) orally.

On the ninth day, blood samples were drawn by heart puncturing method. in addition to this, liver was also
taken from each group and stored in Neutral Buffered Formalin to study histopathological changes [35]. The
hepatotoxic dose of gentamicin was selected on the basis of previous study [36].

5.4. Serum biomarkers Analysis

After completion of procedure, mice were anesthetized by chloroform. Blood samples were drawn by
intracardiac puncture into the gel tube. The tubes were subjected to incubation for 15 minutes at temperature
20-25 0C after which centrifugation was done at 4000rpm for five mints. With the help of micropippette,
serum was isolated from gel tube and moved to eppendrof tubes. The serum was kept at 2-8 °C and then
blood biochemical tests including Alanine aminotransferase, Alkaline phosphatase, and Total bilirubin were
performed with the aid of autoanalyzer & some laboratory diagnostic kits (Provided by Moon Enterprises)
[37].

5.5. Histopathological examination

Liver tissues previously retained in 10% Neutral Buffered Formalin were fixed in paraffin & about
four micrometer thick sections were then cut from each liver with the help of microtome and stained with
hematoxylin and eosin [38].
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5.6. Statistical Analysis

The outcomes were mentioned as mean +* SEM and statistical significance between groups
supplemented with drug or compound and a control group was evaluated by one-way analysis of variance
(ANOVA) followed by the Tukey test for the multiple comparisons using Graph Pad Prism 5 software. The
values for p<0.05 were reviewed significant [39].

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

Acknowledgments: I would like to express my sincere gratitude to all those who have contributed to the
completion of this research paper.

Author contributions: None to declare.

Conflict of interest: The authors declared no conflict of interest.

Ethics approval: EC/ AWKUM/2022/138.

REFERENCES

[1] Madrigal-Santillan E, Madrigal-Bujaidar E, Alvarez-Gonzalez 1, Sumaya-Martinez MT, Gutiérrez-Salinas J, Bautista
M, Morales-Gonzélez A, Garcia-Luna y Gonzélez-Rubio M, Aguilar-Faisal JL, Morales-Gonzélez JA. Review of
natural products with hepatoprotective effects. World ] Gastroenterol. 2014 Oct 28;20(40):14787-804.
https:/ /doi.org/10.3748 / wjg.v20.i40.14787

[2] Russmann S, Kullak-Ublick GA, Grattagliano I. Current concepts of mechanisms in drug-induced hepatotoxicity.
Current medicinal chemistry. 2009 Aug 1; 16(23):3041-53. https:/ /doi.org/10.2174 /092986709788803097

[3] Zimmerman H. Hepatotoxicity: the adverse effects of drugs and other chemicals on the liver. Philadelphia (PA):
Lippincott Williams & Wilkins, 1999. https://doi.org/10.1016/50016-5085(00)70192-2

[4] Tetnple RJ, Himmel MH. Safety of newly approved drugs: implications for prescribing. JAMA 2002; 287: 2273-5.
https:/ /doi.org/10.1001/jama.287.17.2273

[5] B.H. Ali, Gentamicin nephrotoxicity in humans and animals: some recent research, Gen. Pharmacol. 26 (7) (1995)
1477-1487. https:/ /doi.org/10.1016 /0306-3623(95)00049-6

[6] Noorani AA, Gupta K, Bhadada K, Kale MK. Protective effect of methanolic leaf extract of Caesalpinia Bonduc on
gentamicin-induced hepatotoxicity and nephrotoxicity in rats. Iran ] Pharmacol Ther 2011; 10: 21-5.
https:/ /www.researchgate.net/publication/233902416

[7] J.M. Lopez-Novoa, et al., New insights into the mechanism of aminoglycoside nephrotoxicity: an integrative point
of view, Kidney Int. 79 (1) (2011) 33-45. https:/ /doi.org/10.1038/ki.2010.337

[8] Phatchawan Arjinajarn, Nuttawud Chueakula, Anchalee Pongchaidecha, Krit Jaikumkao, Varanuj Chatsudthipong,
Sugunya Mahatheeranont, Orranuch Norkaew, Nipon Chattipakorn, Anusorn Lungkaphin, Anthocyanin-rich
Riceberry bran extract attenuates gentamicin-induced hepatotoxicity by reducing oxidative stress, inflammation
and apoptosis in rats, Biomedicine & Pharmacotherapy, Volume 92,2017, Pages 412-420, ISSN (0753-3322,
https://doi.org/10.1016/j.biopha.2017.05.100.

[9] Khaksari M, Esmaili S, Abedloo R, Khastar H. Palmatine ameliorates nephrotoxicity and hepatotoxicity induced by
gentamicin in rats. Arch Physiol Biochem 2019; 26: 1-6. https:/ /doi.org/10.1080/13813455.2019.1633354

[10] Chattopadhyay RR. Possible mechanism of hepatoprotective activity of Azadirachta indica leaf extract: part II. J
Ethnopharmacol 2003; 89: 217-219. https:/ /doi.org/10.1016/].jep.2003.08.006

[11] Alcaraz-Contreras Y, Mendoza-Lozano RP, Martinez-Alcaraz ER, Martinez-Alfaro M, Gallegos-Corona MA,
Ramirez-Morales MA, Vazquez-Guevara MA. Silymarin and dimercaptosuccinic acid ameliorate lead-induced
nephrotoxicity and genotoxicity in rats. Hum Exp Toxicol 2015; Epub ahead of print.
https://doi.org/10.1177/0960327115591373

[12] Salama S, Kue CS, Mohamad H, Omer F, Ibrahim MY, Abdulla M, Ali H, Mariod A and Jayash SN,
“Hepatoprotective potential of a novel quinazoline derivative in thioacetamide-induced liver toxicity”. Front.
Pharmacol. 13:943340, 2022. https:/ /doi.org/10.3389/ fphar.2022.943340

[13] Z.Cimerman, S. Miljani’, and N. Gali’, “Schiff bases derived from aminopyridines as spectrofluorimetric analytical
reagents,” Croatica Chemica Acta, vol. 73, no. 1, pp. 81-95, 2000. https:/ /doi.org/10.1002/CHIN.200019025

[14] Ahmad N, Alam M, Wahab R,Ahmed M, Ahmad A. Synthesis, spectraland thermo-kinetics explorations ofSchiff
base derived metal complexes.Open Chemistry. 2020;18(1):1304-1315. https: / /doi.org/10.1515/chem-2020-0168

1887

http://doi.org/10.12991/jrespharm.1763513
J Res Pharm 2025; 29(5): 1878-1889



http://doi.org/10.12991/jrespharm.1763513
http://dspace.marmara.edu.tr/
https://doi.org/10.3748/wjg.v20.i40.14787
https://doi.org/10.2174/092986709788803097
https://doi.org/10.1016/S0016-5085(00)70192-2
https://doi.org/10.1001/jama.287.17.2273
https://doi.org/10.1016/0306-3623(95)00049-6
https://www.researchgate.net/publication/233902416
https://doi.org/10.1038/ki.2010.337
https://doi.org/10.1080/13813455.2019.1633354
https://doi.org/10.1016/j.jep.2003.08.006
https://doi.org/10.1177/0960327115591373
https://doi.org/10.3389/fphar.2022.943340
https://doi.org/10.1002/CHIN.200019025

Shah et al. Journal of Research in Pharmacy
Hepatoprotective effects of schiff bases Research Article

[15] Ibrahim, Hussaina A., et al. "Synthesis, Characterization and Antimicrobial Studies on Mn(II), Fe(Il), Co(II)

Complexes of Schiff Base Derived From 3-Formylchromone and Benzohydrazide." Algerian Journal of Engineering
and Technology, vol. 4, Jun. 2021, pp. 81-89. https://doi.org/10.5281/zenodo.4636930

[16] B.S. Sathe, E. Jaychandran, V. A. Jagtap, and G. M. Sreenivasa, “Synthesis characterization and anti-inflammatory

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

26]

[27]

evaluation of new fluorobenzothiazole schiff 's bases,” International Journal of Pharmaceutical Research and
Development, vol. 3, no. 3, pp. 164-169, 2011. https://doi.org/10.1155/2011 %2F581429

S. M. Sondhi, N. Singh, A. Kumar, O. Lozach, and L. Meijer, “Synthesis, anti-inflammatory, analgesic and kinase
(CDK-1, CDK-5 and GSK-3) inhibition activity evaluation of benzimidazole/benzoxazole derivatives and some
Schiff ’s bases,” Bioorganic and Medicinal Chemistry, vol. 14, no. 11, pp. 3758- 3765, 2006.
https:/ /doi.org/10.1016/1.bmc.2006.01.054

K. Mounika, B. Anupama, J. Pragathi, and C. Gyanakumari, “Synthesis, characterization and biological activity of a
Schiff base derived from 3-ethoxy salicylaldehyde and 2-amino benzoic acid and its transition metal complexes,”
Journal of Scientific Research, vol. 2, no. 3, pp. 513-524, 2010. https:/ /doi.org/10.3329 /jsr.v2i3.4899

A. K. Chaubey and S. N. Pandeya, “Synthesis & anticonvulsant activity (Chemo Shock) of Schiff and Mannich bases
of Isatin derivatives with 2-Amino pyridine (mechanism of action),” international Journal of PharmTech Research,
vol. 4, no. 4, pp. 590-598, 2012. https:/ /www.researchgate.net/publication/287306522

T. Aboul-Fadl, F. A. Mohammed, and E. A. Hassan, “Synthesis, antitubercular activity and pharmacokinetic studies
of some Schiff bases derived from 1- alkylisatin and isonicotinic acid hydrazide (INH),” Archives of Pharmacal
Research, vol. 26, no. 10, pp. 778-784, 2003. https:/ /doi.org/10.1007 /bf02980020

R. Miri, N. Razzaghi-asl, and M. K. Mohammadi, “QM study and conformational analysis of an isatin Schiff base as
a potential cytotoxic agent,” Journal of Molecular Modeling, vol. 19, no. 2, pp. 727-735, 2013.
https:/ /doi.org/10.1007 /s00894-012-1586-x

D. Wei, N. Li, G. Lu, and K. Yao, “Synthesis, catalytic and biological activity of novel dinuclear copper complex
with Schiff base,” Science in China B, vol. 49, no. 3, pp- 225-229, 2006.
https:/ /link.springer.com/article/10.1007 / s11426-006-0225-8

P. G. Avaji, C. H. Vinod Kumar, S. A. Patil, K. N. Shivananda, and C. Nagaraju, “Synthesis, spectral
characterization, in-vitro microbiological evaluation and cytotoxic activities of novel macrocyclic bis hydrazone,”
European Journal of Medicinal Chemistry, vol. 44, no. 9, PP- 3552-3559, 2009.
https:/ /doi.org/10.1016/j.ejmech.2009.03.032

S. Ershad, L. Sagathforoush, G. Karim-Nezhad, and S. Kangari, “Electrochemical behavior of N2 SO Schiff-base
Co(II) complexes in non-aqueous media at the surface of solid electrodes,” International Journal of Electrochemical
Science, vol. 4, no. 6, pp. 846-854, 2009. https:/ /doi.org/10.1016/51452-3981(23)15188-1

S. Li, S. Chen, S. Lei, H. Ma, R. Yu, D. Liu “Investigation on some Schiff’s bases as HCI corrosion inhibitors for
copper” Corros. Sci, 41(7), 1273-1287 (1999). https:/ /doi.org/10.1016 /50010-938X(98)00183-8

Rosen HR, Keefe EB. Evaluation of abnormal liver enzymes, use of liver tests and the serology of viral hepatitis:
Liver disease, diagnosis and management. 1st ed. New York; Churchill livingstone publishers, 2000; 24-35.

Rosalki SB, Mcintyre N. Biochemical investigations in the management of liver disease. Oxford textbook of clinical
hepatology, 2nd ed. New York; Oxford university press, 1999; 503-521. https://doi.org/10.1007/978-3-642-76802-
62

[28] Hagerstrand I : distribution of alkaline phosphatase activity in healthy and diseased human liver

tissue. Acta Pathol Microbiol Scand 1975; 83: 519-524. https://doi.org/10.1111/7.1699-
0463.1975.tb00163.x

[29] Daniel SP, Marshall MK. Evaluation of the liver: laboratory tests. Schiff’s diseases of the liver, 8 th

edn. USA; JB Lippincott publications, 1999; 205-239. https:/ /doi.org/10.1007/s12098-007-0118-7

[30] Cappellini MD, Lo SF, Swinkels DW. 38 - Hemoglobin, iron, bilirubin. In: Tietz textbook of clinical chemistry and

(31]

[32]

molecular diagnostics, 6th ed. St. Louis, MO, USA: Elsevier Inc.; 2017. https://doi.org/10.1016/B978-0-323-35921-
4.00038-7.

Dufour DR, Lott JA, Nolte FS, Gretch DR, Koff RS, Seeff LB. Diagnosis and monitoring of hepatic injury. II
Recommendations for use of laboratory tests in screening, diagnosis, and monitoring. Clin Chem 2000;46:2050-68.
https:/ /doi.org/10.1093/ clinchem /46.12.2050

Kamisako T, Kobayashi Y, Takeuchi K, Ishihara T, Higuchi K, Tanaka Y, et al. Recent advances in bilirubin
metabolism research: the molecular mechanism of hepatocyte bilirubin transport and its clinical relevance. ]
Gastroenterol 2000; 35: 659-64. https:/ /doi.org/10.1007 /5005350070044

1888

http://doi.org/10.12991/jrespharm.1763513
J Res Pharm 2025; 29(5): 1878-1889



http://doi.org/10.12991/jrespharm.1763513
https://doi.org/10.1155/2011%2F581429
https://doi.org/10.1016/j.bmc.2006.01.054
https://doi.org/10.3329/jsr.v2i3.4899
https://www.researchgate.net/publication/287306522_Synthesis_anticonvulsant_activity_Chemo_Shock_of_Schiff_and_Mannich_bases_of_Isatin_derivatives_with_2-Amino_pyridine_mechanism_of_action
https://doi.org/10.1007/bf02980020
https://doi.org/10.1007/s00894-012-1586-x
https://link.springer.com/article/10.1007/s11426-006-0225-8
https://doi.org/10.1016/j.ejmech.2009.03.032
https://doi.org/10.1016/S1452-3981(23)15188-1
https://doi.org/10.1016/S0010-938X(98)00183-8
https://doi.org/10.1007/978-3-642-76802-6_2
https://doi.org/10.1007/978-3-642-76802-6_2
https://doi.org/10.1111/j.1699-0463.1975.tb00163.x
https://doi.org/10.1111/j.1699-0463.1975.tb00163.x
https://doi.org/10.1007/s12098-007-0118-7
https://doi.org/10.1016/B978-0-323-35921-4.00038-7
https://doi.org/10.1016/B978-0-323-35921-4.00038-7
https://doi.org/10.1093/clinchem/46.12.2050
https://doi.org/10.1007/s005350070044

Shah et al. Journal of Research in Pharmacy

Hepatoprotective effects of schiff bases Research Article

[33] Mabuza LP, Gamede MW, Maikoo S, Booysen IN, Nguban PS, Khathi A. Hepatoprotective Effects of a
Ruthenium(Il) Schiff Base Complex in Rats with Diet-Induced Prediabetes. Curr Ther Res Clin Exp. 2019 Nov
13,91:66-72. https:/ /doi.org/10.1016 %2Fj.curtheres.2019.100570

[34] Taguchi K, Westheimer FH. Catalysis by molecular sieves in the preparation of ketimines and enamines. The
Journal of Organic Chemistry. 1971; 36:5556-5557. https:/ /doi.org/10.1021/jo00810a033

[35] Ozkan, N., Salva, E., Cakalagaoglu, F., & Tiiztiner, B. (2012). Honey as a substitute for formalin?. Biotechnic &
Histochemistry, 87(2), 148-153. https:/ /doi.org/10.3109/10520295.2011.590155

[36] Bektur NE, Sahin E, Baycu C, Unver G. Protective effects of silymarin against acetaminophen-induced
hepatotoxicity = and  nephrotoxicity = in  mice. Toxicol Ind Health. 2016  Apr;32(4):589-600.
https:/ /doi.org/10.1177/0748233713502841

[37] Bergmeyer HU and Bernt E. 1963, In: Methods of enzymatic analysis, edited by HU Bergmeyer, Academic Press,
Weimheim, NY and London, 837.

[38] Aamir, K., Sugumar, V., Khan, H. U,, Looi, C. Y., Juneja, R.,, Waqas, M., & Arya, A. (2022). Non-toxic nature of
chebulinic acid on biochemical, hematological and histopathological analysis in normal Sprague Dawley rats.
Toxicological Research, 38(2), 159-174. https:/ /doi.org/10.1007/s43188-021-00092-3

[39] Tukey JW. Comparing individual means in the analysis of variance. Biometrics. 1949 June 1:99-114.
https:/ /doi.org/10.2307 /3001913

1889

http://doi.org/10.12991/jrespharm.1763513
J Res Pharm 2025; 29(5): 1878-1889



http://doi.org/10.12991/jrespharm.1763513
https://doi.org/10.1021/jo00810a033
https://doi.org/10.3109/10520295.2011.590155
https://doi.org/10.1177/0748233713502841
https://doi.org/10.1007/s43188-021-00092-3
https://doi.org/10.2307/3001913

