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against CCls-induced hepatorenal injury in rats: Insights
from GC-MS analysis
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ABSTRACT

Liver and kidney diseases present significant public health challenges due to limited treatment options,
high management costs, and elevated mortality risks. This study evaluates the therapeutic effects of
Amaranthus spinosus (A. spinosus) in mitigating CCls-induced hepatorenal injury in rats. Twenty-five
adult male albino rats were divided into five groups: controls (distilled water and CCls), two treatment
groups receiving A. spinosus extract (100 mg/kg and 200 mg/kg), and a standard drug group treated with
silymarin (100 mg/kg). Biochemical evaluations, including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), bilirubin, urea, and creatinine, were analyzed
using standard protocols. Antioxidant markers, including reduced glutathione (GSH) levels, along with
the enzymatic activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX),
and lactate dehydrogenase (LDH) were also evaluated. Treatment with ethanolic A. spinosus extract
significantly improved biochemical markers, restored antioxidant enzyme activity, and reduced CCls-
induced hepatorenal damage. Histopathological analysis revealed restored liver and kidney architecture
with reduced inflammation. Administration of the extract resulted in a reduction of pro-inflammatory
cytokine IL-6 and LDH levels, alongside an increase in anti-inflammatory 1L-10 levels, highlighting its
anti-inflammatory potential. GC-MS analysis identified 16 bioactive compounds, including fatty acids,
esters, phytol, B-panasinsene, squalene, and vitamin E, which likely contribute to its protective effects.
These findings suggest that A. spinosus exhibits significant hepatoprotective, nephroprotective,
antioxidant, and anti-inflammatory properties, highlighting its potential as a candidate for novel
therapies targeting liver and kidney diseases. Further research is needed to elucidate its molecular
mechanisms and clinical applications.

Keywords: Amaranthus spinosus, Hepatoprotective, Nephroprotective, Antioxidants, CCls-induced
toxicity, GC-MS.

INTRODUCTION

Unintentional or negligent exposure to toxic chemicals from industrial, domestic, or environmental
sources can impair physiological functions in living organisms. The severity of these effects depends on
the chemical type, dose, length of exposure, and individual susceptibility M. These exposures often lead
to severe organ impairment through mechanisms such as oxidative stress, inflammatory responses, and
cellular damage, which, if unmitigated, can culminate in chronic diseases or acute organ failure 4,

The liver, a vital organ responsible for plasma protein synthesis, intermediary metabolism, energy
regulation, and the excretion of nitrogen-containing compounds, is highly vulnerable to chemically
induced injuries [l. Toxicant induced-hepatotoxicity is primarily driven by intrinsic hepatocyte
membrane damage caused by the metabolic biotransformation of xenobiotics into reactive metabolites
and intermediates . These metabolites trigger free radical production, resulting in oxidative stress,
mitochondrial dysfunction, and disruptions in bile acid homeostasis [>%1. The threat posed by chemically
induced liver toxicity underscores the necessity for understanding and mitigating exposure to harmful
substances.

Carbon tetrachloride (CCls) is a highly volatile and hazardous industrial chemical widely used as an
experimental model for studying xenobiotic-induced liver injury due to its well-documented effectuality
in reliably simulating liver damage in animal studies [, Humans are exposed to carbon tetrachloride
(CCls) through oral, inhalation, and dermal pathways, which is known to cause pronounced
hepatotoxicity primarily due to the metabolic activation by cytochrome P450 enzymes in hepatocytes [,
These enzymes catalyze the reductive dehalogenation of CCls, producing trichloromethyl (CClse) and
peroxy trichloromethyl (CCl:O2¢) radicals °l. The highly reactive metabolites bind covalently to plasma
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membrane proteins or induce lipid peroxidation by interacting with
unsaturated fatty acids, initiating a cascade of deleterious mechanisms
that disrupt the permeability of the mitochondria, endoplasmic
reticulum, and plasma membrane, thus initiating cell death [1° The
excessive production of free radicals depletes antioxidant enzymes,
exacerbates oxidative damage and contributing to pathological
conditions [*112 Beyond its hepatotoxic effects, CCls toxicity impacts
multiple organs, including the lungs, heart, testes, brain, and kidneys,
leading to systemic health complications [, Its nephrotoxic effects
may result from direct toxic exposure or as a consequence of
hepatotoxicity, underscoring its broad multi-organ harmful impact I,

The use of plants for healing predates history with most conventional
drugs originally derived from plant sources (3. A. spinosus Linn.
(Family: Amaranthaceae), widely cultivated in India, Sri Lanka, and
other tropical regions is widely used in Ayurveda and is reported to
have diverse medicinal properties, including, antioxidants [:4-15] anti-
inflammatory, antimalarial, antibacterial, antidiuretic, antiviral,
anticancer, and hepatoprotective effects 16, The whole plant’s water
extract is reported to enhances immunity 7], while its stem extract
exhibits antimalarial activity 1819 A spinosus contains bioactive
compounds such as alkaloids, flavonoids, glycosides, phenolic acids,

steroids, betalains, and carotenoids, which exhibit antioxidant,
anticancer, antiviral, and antiparasitic properties [0, Unique
compounds such as amaranthoside and amaricin, along with

significant bioactive components—including rutin, quercetin, 7-p-
coumaroyl apigenin  4-O-B-D-glucopyranoside, —a-xylofuranosyl
uracil, B-sitosterol glucoside, PB-D-ribofuranosyl adenine, and
stigmasterol glycoside—were identified in the ethanolic whole-plant

extract of A. spinosus, collectively enhancing its therapeutic potential
[21]

Globally, approximately 2 million people die each year due to liver-
related pathologies [?31. The increasing prevalence of hepatorenal
diseases, coupled with the limitations of conventional treatments,
underscore the urgent need for alternative therapeutic approaches.

It has been reported that the highest concentrations of phytochemicals
are typically found in the mature leaves of the plants, as metabolic
activity peaks during this stage of growth [?2. Hence, this study
investigates the hepatorenal protective potential of A. spinosus leaf
extract against CCl«-induced toxicity in albino rats, aiming to
characterize its bioactive compounds and provide pharmacological
insights for improved therapeutic strategies.

MATERIALS AND METHODS
Plant Collection

A. spinosus leaves were obtained from a local farm in Ado Ekiti and
authenticated at the Department of Plant Science, Ekiti State
University, Ado Ekiti, Nigeria. A voucher specimen (herbarium
number UHAE2021037) was deposited at the University herbarium.

Reagents and Chemicals

Adrenaline, malondialdenyde (MDA), phosphotungstic acid,
magnesium acetate, creatine phosphate, potassium phosphate,
hydrogen peroxide, ethylene diamine tetraacetate (EDTA), Ellman’s
reagent, reduced glutathione (GSH), and other chemicals and reagents
used were of analytical grade, obtained from standard commercial
suppliers. All diagnostic kits were products of Randox Chemical Ltd.,
England.

Preparation of Extract

Fresh A. spinosus leaves were rinsed with distilled water and air-dried.
The dried leaves were pulverized using a Waring blender. Five
hundred grams (500 g) of the powdered leaves were extracted with
3000 ml of 80% ethanol for 72 hours. The supernatant was carefully
decanted and filtered using cheesecloth. The clear supernatant was

then freeze-dried to obtain a crude extract, which was kept airtight for
reconstitution with distilled water.

Animal Protocol

All experimental animals were used in accordance with established
guidelines (Revised NIH Publications 2008, No. 8023) and the ethical
approval of the Committee on Care and Use of Experimental Animal
Resources, College of Medicine, Ekiti State University, Ado EKiti,
Nigeria. Twenty-five Wistar albino rats with an average weight of 170
g were purchased from the animal breeding colony of the College of
Medicine, EKiti State University, Ado EKkiti.

Animal Housing and Treatment

Five groups of five animals each were created, as described in Table
1. Experimental animals were housed in separate iron-meshed cages
under standard conditions of temperature (24 + 1°C), relative
humidity, and a 12-hour light/dark cycle. The animals were provided
unrestricted daily access to food and drinking water ad libitum. Rat
bedding was changed daily to maintain good hygiene.

Table 1: Experimental group and treatment

Groups Treatment

I: Negative Control (PC)  Distilled water only for 14 days

II: Positive Control (NC) 3 ml CCl, single administration without extract

treatment

11 3 ml CCl, + 100 mg/kg b.w A. spinosus
v 3 ml CCl, + 200 mg/kg b.w A. spinosus
\% 3 ml CCl, + 100 mg/kg b.w Silymarin

Preparation of homogenates and serum

Rats were dissected and portion of whole blood was collected in plain
sample bottles and allowed to stand for 1 h. Serum was prepared by
centrifugation at 3000 rpm for 15 min at 25°C. The clear supernatant
was collected by decantation and used for the estimation of serum
biochemical parameters. The liver, heart and kidney were excised
using surgical scissors and forceps. They were trimmed of fatty tissue,
washed in distilled water, blotted with filter paper and weighed. They
were then chopped into bits and homogenized in ten volumes of the
homogenizing phosphate buffer (pH 7.4) using a Teflon homogenizer.
The resulting homogenates were centrifuged at 3000 rpm at 4 °C for
30 min. The supernatant obtained was collected and stored under 4 °C
and then used for biochemical analyses.

Serum Enzyme Biomarkers
Aspartate Aminotransferase (AST) Activity

AST activity was determined using the method described by Reitman
and Frankel 4. One hundred microliters of serum, liver, kidney, or
heart homogenates were mixed with potassium phosphate buffer, L-
aspartate, and o-oxoglutarate. The reaction was incubated at 37°C for
30 minutes. Dinitrophenylhydrazine was then added and re-incubated.
Absorbance was measured at 546 nm.

Alanine Aminotransferase (ALT) Activity

ALT activity was determined by the method of Reitman and Frankel
241 A reagent mixture containing potassium phosphate buffer, L-
alanine, and o-oxoglutarate was added to 0.1 ml of sample and
incubated at 37°C for 30 minutes. Dinitrophenylhydrazine was added,
and the absorbance was read at 546 nm.

Alkaline Phosphatase (ALP) Activity
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ALP activity was measured using commercial Kits (Randox
laboratories, UK), following the manufacturer’s instructions [25],
Absorbance at 405 nm was measured for 3 minutes at 1-minute
intervals.

Antioxidant Assays
Catalase Activity

Catalase activity was measured according to Sinha [26]. Two hundred
microliters of serum or organ homogenates were mixed with hydrogen
peroxide and potassium phosphate buffer. The reaction was monitored
by withdrawal into dichromate/acetate reagent. Hydrogen peroxide
content was determined.

Superoxide Dismutase (SOD) Activity

SOD activity was measured using the method of Misra and Fridovich
[27], Serum or organ homogenates were added to a carbonate buffer,
and the reaction was initiated by adding adrenaline. The absorbance at
480 nm was monitored for 150 seconds.

Reduced Glutathione (GSH) Level

GSH levels were measured according to Beutler et al. 8, The
samples were mixed with precipitant, incubated, and filtered. The
filtrate was combined with potassium phosphate buffer and Ellman’s
reagent, and absorbance was measured at 412 nm.

Lactate Dehydrogenase (LDH) Activity

LDH activity was determined according to the method of Sulaiman et
al. 1 The reaction of lactate with NAD was measured
spectrophotometrically at 340 nm.

Markers of Kidney Function
Urea Determination

Serum urea concentration was measured using the method of Tietz %
with Randox kits (UK).

Creatinine Determination

Serum creatinine concentration was determined using the method of
Tietz 3% with Randox kits (UK).

Histopathological Examination

Formalin-preserved pancreatic tissues were processed for paraffin
embedding. Tissue sections were cut, deparaffinized in p-xylene,
rehydrated, stained with hematoxylin, counterstained with eosin,
mounted, and viewed under a Leica slide scanner (SCN 4000, Leica
Biosystems, Wetzlar, Germany).

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis of
Bioactive Compounds

GC-MS analysis was conducted using a Varian 3800/4000 gas
chromatograph interfaced to a mass spectrometer. Samples were
analyzed for qualitative and quantitative components using a VF-5MS
capillary column. Mass spectra were compared with NIST Library
spectra for identification.

Statistical Analysis

Data were expressed as mean + SEM. One-way Analysis of Variance
(ANOVA) followed by Duncan's Multiple Range Test (DMRT) was
used for data analysis using SPSS 11.09 for Windows. Statistical
significance was set at p < 0.05.

RESULTS

Effect of A. spinosus leaf extract on selected serum Liver function
parameters in rat exposed to CCl, toxicity

As presented in Table 2, exposure to CCls caused a notable increase in
serum AST, ALT, and ALP activities, along with a higher total
bilirubin level, compared to the control group (p < 0.05). However,
administration of A. spinosus leaf extract and the standard drug
silymarin significantly mitigated these effects when compared to the
CCla-treated group (p < 0.05).

Effect of A. spinosus leaf extract on selected kidney parameters in
rat exposed to CCls toxicity

As shown in Table 3. exposure to CCls led to a significant increase in
the concentration of urea and creatinine in the serum and kidney tissue
homogenate compared to the control group (p<0.05). However,
treatment with A. spinosus leaf extract and the standard drug silymarin
significantly reversed these changes when compare to the CCla-treated
group in a concentration dependent manner (p<0.05)

Effect of A. spinosus leaf extracts on selected antioxidant
parameters in rat exposed to CCls toxicity

The study examined the impact of ethanolic leaf extract of
Amaranthus spinosus on the antioxidant system in CCls-induced
hepato-renal toxicity, with results detailed in Table 4. Administration
of CCls significantly depleted GSH levels and reduced the activities of
antioxidant enzymes, including SOD, GPx, and CAT (p < 0.05).
Treatment with A. spinosus demonstrated a significant protective
effect in a concentration-dependent manner (p < 0.05), except for
CAT, when compared to the CCls-treated group.

Effect of leaf extracts on selected pro and anti-inflammatory
markers in rat exposed to CCl4 toxicity

Table 5 shows a significant increase in LDH activity (a marker of
cellular damage) and IL-6 levels (a pro-inflammatory mediator), along
with a decrease in 1L-10 levels (an anti-inflammatory mediator) in the
liver, kidneys, and serum of CCL4-induced animals compared to the
control group (p<0.05). However, treatment with A. spinosus (200
mg/kg) significantly restored this marker compared to the CCL4 group
(p<0.05).

Effect of leaf extracts of A. spinosus on MDA production in rat
exposed to CCls toxicity

MDA, a byproduct of polyunsaturated fatty acid peroxidation, serves
as a marker of oxidative stress. Figure 1 shows the effect of A.
spinosus leaf extracts on MDA levels in the liver and kidney of rats
exposed to CCl4 toxicity. CCla significantly increased MDA levels
(p<0.05) compared to the control. However, treatment with A.
spinosus leaf extracts significantly reduced MDA production in a
concentration-dependent manner (p<0.05).

Gas chromatography-mass spectroscopy profiling of ethanolic
fraction of A. spinosus.

The GC-MS analysis of the ethanolic leaf extract of A. spinosus
revealed 16 prominent peaks within a retention time range of 5.60 to
26.68 minutes (Figure 2). The identified active compounds, along
with their retention times (RT), molecular formulas, molecular
weights (MW), abundance (peak area in %) are summarized in Table
6. The major bioactive compounds include 9-hexadecenoic acid
(26.21 %), n-Hexadecanoic acid (17.21%), phytol (9.78%), B-
Panasinsene (9.39%), Squalene (9.00%), 7-Octen-2-one (7.43%),
9,12-Octadecadienoic acid (Z, Z)-(5.09%), and others.
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Table 2: Effect of A. spinosus leaf extract on selected serum Liver function parameters in rat exposed to CCl4 toxicity

Parameters Control CCls only CCls+100 CCls+200 CCls+100
mg'kg bw of mg/kgbwof mgkgbwof

A. spinosus A spinosus  Silymarin
ALTUL 5066047  6751£00972 56.12+£0.10° 48.16+0.19° 4549+(.123k
ALP UL 515+ 028 6759+0.08 5547+003" 4806+£0.06° 4862+028¢
ASTUL 5579+ 161 7T642+038 67.08+0.63" 35864+013c 5746+£147¢
T. BIL 44+ 1.14 561+ 0.14* 473+ 0.14% 41+ 042° 41.41+ 1.06°
mg/dl

Data represents mean + S D of two independent experiment performed in triplicate. Values with different
superscript are significantly different (P<0.05)

Table 3: Effect of A. spinosus leaf extract on selected kidney parameters in rat exposed to CCl4 toxicity

Parameter Tissue Control CCls only CCls+100 CCls+200 CCls+100
mg/'kg bw of mgke bw of mgke bwof
A. spinosus A. spinosus  Silymarin
Urea Kidney 4806 =188 6484=149 5096=079° 4764022 5041=125%
mg/dl Serum 577127 792+028 6915+x077° 6245091 603 £ 0.28%F
Creatinine Kidney 4341270 5986=164 4991 =2.00° 4665035 458+ 1.83¢
mmol/1 Serum 4665190 6049=015 53.8+028" 493+098" 4465=162°

Data represents mean = $.D of two independent experiment performed in triplicate. Values with different
superscript are significantly different (P<0.05)

Table 4: Effect of A. spinosus leaf extracts on selected antioxidant parameters in rat exposed to CCls toxicity

Parameter Tissue Control CCly only CCl4+100 CCly+200 CCly+100
mg/kg bow of mg/kg b.w of mg/kg b.ow of
A. spinosus A spinosus Silymarin
GSH Kidney 89 85035 48.8x1.69= S7.55£2.89° 8735049 84.1=x127°
Laver 7525021 505014 5411082 6513009 7456023
S0D Kidney 9833391 60150492 73.85x021% 792 =1.55° 108.95+£2. 052b<
Liver 90.10£0.58 5434+096* 67.06 033" 6939+ 087" 8228 +0.312b
GPX Kidney 5521171 34750912 49752472 5935+ 134* 5644+ 1.01F
Liver 6048 +£0.16 41.5=1.83* 4831+098" 53.62+ 024" 5922 +0.55%
CAT Kidney 0.06 = 0.04 0.03 =002 0.04=002 0.05=007 005 =001
Liver 0.06 =0.02 0040012 0.05=0.01 0.06 =02 006 =001

Data represents mean + 5D of two independent experiment performed in triplicate. Values with different
superscript are significantly different (P<20.03) represents mean = 5. D of two independent experiment per
triplicate

Table 5: Effect of A. spinosus leaf extracts on selected pro and anti-inflammatory markers in rat exposed to CCl4 toxicity

Parameter Tissue Control CCly only CCly+100 CCly+200 CCL+100
mgkg bwof mgkgbwof mg'kg bow of
A spinasus A. spinosus Silymarin
LDHUL Serum  42.15+£0.21 38.5£1.142 5295106 4137x0.17° 4275+ 0.740
Eidney 4137+£017 573520912 464008 45+081° 48.1£ 0200
Liver 4485+£021 5865x120% 5285x095® 4025+120° 4392188
IL-6 pg/ml Serum 382=141 494+ 1.97:= 4449 £1.18" 42+ 0(.93c 3835403530
IL.-10 pg/ml Serum 535268 37.8+2260 40+ 1.130 412+ 0280 48 4 £ (0.14ab

Data represents mean = 8 D of two independent experiment performed in friplicate. Values with different
are significantly different (P<0.05)
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Table 6: Gas Chromatography-Mass Spectrometry (G C-MS) Analysis of Bioactive Compounds in A. spinosus leaf results

Peak # RT Compound Detected Mol. Formula MW Peak Comp. m/z
Area % wt%
1 5.60 7-Octen-2-one CgH1,0 126 7.43 0.88 43,58. 126
2 6.00 2-Isopropenyl-4a,8-dimethyl- CisHos 204 391 0.41 41,133, 204
1,2,3,4,4a,5,6,7-octahydronaphthalene

3 6.98 9-hexadecenoic acid C16H3002 254 26.21 34.31 43,73, 254
4 7.19 Tetradecanoic acid C14H250, 228 3.52 0.85 43,73, 228
5 7.75 (72,11Z)-hexadecadienal CieH20 236 2.35 0.40 41,74, 236
6 8.31 B-Panasinsene CisHza 204 9.39 4.50 41,161, 204
7 9.50 1-Tetradecanamine CisHaN 213 0.78 0.41 41, 44,213
8 11.00 n-Hexadecanoic acid C14H250, 256 17.21 26.11 60, 73, 256
9 12.50 9-Octadecenal CisH3,0 266 2.74 3.17 41, 55, 266
10 13.58 9,12-Octadecadienoic acid (Z,2)- C1sH3,0, 280 5.09 2.57 65, 67, 280
11 19.00 Octadecanoic acid Ci1sH3602 284 0.39 0.15 43,73, 284
12 20.42 9,12,15-Octadecatrien-1-ol, (Z,Z,2)- CisH3,0 264 0.71 1.44 41,79, 264
13 24.48 Vitamin E Ca9Hs500, 430 1.17 4.24 43, 165, 430
14 26.72 Phytol CaoH40O 296 9.78 10.10 43,71, 296
15 29.91 Squalene CaoHso 410 9.00 10.08 69, 81, 410
16 26.68 f3-Sitosterol CaoHs500 414 0.31 0.12 43,81, 414
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Figure 1: Effect of A. spinosus on serum, liver and kidney MDA level in animals exposed to CCl,
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Figure 2: GC-MS Chromatogram of ethanolic extract of A. spinosus leaf

Histopathological Analysis of Hepatic Tissues of Experimental
Rats

GROUP A. (Negative Control): Showed normal histoarchitecture of
liver cells in group. Yellow arrow represents hepatocytes (liver cells).
(Stained with H&E, magnification: x800).

GROUP B. (Positive control): Showed moderate loss of liver cells.
Yellow arrow represents hepatocytes (liver cells). (Stained with H&E,
magnification: x800).

GROUP C. (Treated with A. spinosus at 100 mg/kg b.w.): Showed
normal histoarchitecture of liver cells and moderate congestion.
Yellow arrow represents hepatocytes (liver cells). (Stained with H&E,
magnification: x800).

GROUP D. (Treated with A. spinosus at 200 mg/kg b.w.): Showed
normal histoarchitecture of liver cells and moderate congestion.
Yellow arrow represents hepatocytes (liver cells). (Stained with H&E,
magnification: x800).

GROUP E. (Treated with silymarin at 100mg/kg b.w.): Showed
normal histoarchitecture of liver cells and moderate congestion.
Yellow arrow represents hepatocytes (liver cells). (Stained with H&E,
magnification: x800).

Histopathological Analysis of Renal Tissues of Experimental Rats
GROUP A (Negative control): Showed normal histology of the

glomeruli and renal tubules. Green arrow represents urinary space;
Green arrow represents urinary space; Black arrow represents
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proximal convoluted tubules; Yellow arrow represents distal
convoluted tubules. (Stained with H&E, magnification: x800).

GROUP B. (Positive Control): Showed constriction of urinary space,
degeneration of proximal convoluted tubules, shrunken urinary space,
and loss of renal tubules. Green arrow represents urinary space; Black
arrow represents proximal convoluted tubules; Yellow arrow
represents  distal convoluted tubules. (Stained with H&E,
magnification: x800).

GROUP C. (Treated with A. spinosus at 100 mg/kg b.w.): Showed
normal renal histoarchitecture. Green arrow represents urinary space;
Green arrow represents urinary space; Black arrow represents
proximal convoluted tubules; Yellow arrow represents distal
convoluted tubules. (Stained with H&E, magnification: x800).

GROUP D. (Treated with A. spinosus at 200 mg/kg b.w.): Showed
normal glomerulus and distal tubules. Green arrow represents urinary
space; Green arrow represents urinary space; Black arrow represents
proximal convoluted tubules; Yellow arrow represents distal
convoluted tubules. (Stained with H&E, magnification: x800).

GROUP E. (Treated with silymarin at 100 mg/kg b.w). showed
normal renal histoarchitecture. Green arrow represents urinary space;
Black arrow represents proximal convoluted tubules; Yellow arrow
represents  distal convoluted tubules. (Stained with H&E,
magnification: x800).

DISCUSSION

Liver and kidney diseases present significant challenges due to limited
safe treatment options, high management costs, and the risk of
progression to chronic or fatal conditions. Despite advances in care,
many therapies have side effects, emphasizing the need for safer
alternatives. Medicinal plant phytochemicals are valued for their
availability, minimal side effects, and potential to cure, primarily by
inhibiting oxidative injuries—a key factor in chemically induced
hepato-renal damage [31-33],

This study investigated the protective effects of the ethanolic leaf
extract of A. spinosus against CCl.-induced acute hepato-renal injury
in rats. CCls exposure caused significant hepatic damage, as
evidenced by elevated serum levels of ALT, AST, ALP, and bilirubin
(P < 0.05) compared to the negative control group as presented in
table 2.0. These findings are consistent with previous studies showing
that a single dose of CCls significantly increases these enzyme
markers 3132 The elevated enzyme activity is likely attributed to
cellular disruption, leading to the leakage of intracellular enzymes into
the bloodstream U, Treatment with A. spinosus extract significantly
ameliorated these enzymatic disturbances in a concentration-
dependent manner, comparable to the standard drug silymarin. While
ALT and AST are critical markers of hepatic damage, ALT is
predominantly liver-specific, and AST plays a vital role in
biomolecule synthesis and Krebs cycle replenishment, both of which
show high sensitivity to hepatic injury and recovery 23l Similarly,
elevated ALP is a well-established indicator of cholestatic
hepatotoxicity, suggesting biliary obstruction, dehydration, or reduced
renal blood flow 3431, Increased plasma bile acids and bilirubin has
been ascribed to impaired liver function, reflecting the liver's roles in
protein synthesis, bile acid metabolism, and waste excretion.
Collectively, the positive modulation of these biomarkers by A.
spinosus underscores its potential hepatoprotective properties. These
findings are consistent with the observations of Zeashan et al. 31, who
reported that a 50% ethanolic extract of the whole plant of A. spinosus
exhibited significant hepatoprotective activity based on the evauation
of similar markers. Previous studies have linked the in vitro
bioactivity of A. spinosus to its diverse phytochemical constituents,

including alkaloids [37- 38, tannins [37:39, flavonoids 384, and saponins
[37-39]

The nephrotoxic mechanism of CCla is recursive to its hepatotoxicity,
with the renal cortex's cytochrome P-450 system also being a target of
CCls metabolism M1, In this study, acute CCls exposure significantly
impaired renal function, evidenced by elevated serum creatinine and
urea levels in the exposed group compared to the control (Table 3).
Creatinine, a breakdown product of creatine phosphate in muscle, is
produced at a constant rate depending on muscle mass 2 while urea,
the primary nitrogenous end product of protein metabolism, is
synthesized in the liver, filtered by the kidneys, and partially
reabsorbed with water 3, both are key clinical indices for evaluating
renal function.

Furthermore, a single intraperitoneal exposure to CCls significantly
depleted (p < 0.05) glutathione (GSH) levels and the activities of key
antioxidant enzymes, including superoxide dismutase (SOD) and
glutathione peroxidase (GPx), in liver and kidney tissue homogenates
compared to the control group (Table 4). This aligns with the well-
established mechanism of CCl. toxicity, where cytochrome P-450
metabolism produces reactive intermediates, such as trichloromethyl
radicals, which induce lipid peroxidation and oxidative stress,
depleting antioxidants like GSH and inhibiting antioxidant enzymes in
serum, liver, and kidney tissues [8. However, treatment with A,
spinosus extract significantly (p < 0.05) restored GSH levels and
enzyme activities in a concentration-dependent manner compared to
both the CCl.-treated and standard drug (silymarin) groups. This
highlights the potent antioxidant properties of A. spinosus, in
mitigating oxidative damage and protect against CCls-induced
hepatotoxicity and  nephrotoxicity.  Previous studies have
demonstrated its antioxidant activity through assays, including non-
enzymatic haemoglycosylation, where rutin and quercetin inhibited
haemoglycosylation by 42% and 52%, respectively, and through its
free radical scavenging system ©4451 A similar trend was observed
with MDA generation, a marker of lipid peroxidation, which was
positively modulated by A. spinosus administration (Figure 2). The
anti-lipid peroxidation and antioxidant potential of the plant have also
been evaluated through linoleic acid oxidation [B® and various
scavenging assays [2,

Diseases with inflammatory origin, identified by the World Health
Organization as a major health threat 1461, play a central role in acute
and chronic pathological processes, driving enzymatic and
biochemical disruptions linked to liver and kidney dysfunction. These
processes are mediated by inflammatory molecules such as vasoactive
amines, eicosanoids, proteolytic cascade products, chemokines, and
cytokines 71, The effects of Amaranthus spinosus treatment on
interleukin-6 (IL-6), a pro-inflammatory cytokine, and interleukin-10
(IL-10), an anti-inflammatory cytokine, were examined in a model of
CCls-induced hepatorenal toxicity. Administration of A. spinosus
crude extract (100 and 200 mg/kg) significantly reduced IL-6 levels,
while concurrently increasing IL-10 levels, compared to the CCls
control group (Table 5). Baral et al 8 and Olajide et al [,
demonstrated the anti-inflammatory activity of A. spinosus methanolic
extract, which inhibited carrageenan-induced paw edema (25-100
mg/kg) and reduced acetic acid-induced vascular permeability in
animal models.

Building upon the ant-inflammatory effects previously discussed,
histopathological examination further supports the potential
therapeutic effect of A. spinosus in ameliorating liver and kidney
dysfunction associated with CCls-induced toxicity. In the liver tissue,
the normal control group exhibited a well-preserved histoarchitecture
(Figure 3A), while CCls exposure alone led to moderate loss of liver
cells (Figure 3B). Treatment with A. spinosus resulted in significant
improvements, showing normal histoarchitecture with moderate
congestion. The higher dose (200 mg/kg b.w.) exhibited even better
results, with less congestion compared to both the 100 mg/kg and
CCls groups. Silymarin-treated rats at 100 mg/kg b.w. also showed
normal liver histology with mild congestion.

Similarly, renal tissue examination revealed normal glomeruli,
proximal tubules, and distal tubules in the normal control group
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(Figure 4A), while CCls treatment alone led to significant renal injury,
including constriction of the urinary space, degeneration of proximal
convoluted tubules, and loss of renal tubules (Figure 4B). Treatment
with A. spinosus crude extract (100 and 200 mg/kg b.w.) improved
renal histoarchitecture, with mild to moderate improvements in the
100 mg/kg group (Figure 4C) and more substantial improvements in
the 200 mg/kg group (Figure 4D). The higher dose showed patchy
interstitial inflammatory cell infiltrates, mild congestion, and minimal
focal tubular cell necrosis, suggesting a greater potential for tissue
recovery.  Silymarin-treated rats  exhibited normal renal
histoarchitecture, reinforcing the possible anti-inflammatory effects
observed through cytokine modulation, particularly with the reduction
in IL-6 and the increase in IL-10 levels. Together, these findings
suggest that A. spinosus not only modifies inflammatory cytokine
profiles but also improves both liver and kidney tissue architecture in
the context of CCls-induced toxicity.

Expanding on the previous exploration of the therapeutic potential of
A. spinosus, GC-MS analysis was employed to explore the diverse
pharmacological mechanisms inherent in its crude leaf extract. This
advanced analytical tool facilitates both qualitative and quantitative
identification of biologically active compounds in medicinal plants,
thus aiding in the discovery of potential therapeutic leads across
species (5051,

This study explored the therapeutic potential of Amaranthus spinosus
leaf extract using GC-MS analysis, revealing a diverse profile of
bioactive compounds. Fatty acids and their esters accounted for
57.51% of the total phytoconstituents, with major compounds
identified include 9-hexadecenoic acid (26.21%) and n-hexadecanoic
acid (17.21%), tetradecanoic acid (3.52%), and 9,12-octadecadienoic
acid (5.09%). These fatty acids are well-documented for their
antibacterial, antioxidant, anti-inflammatory, and hypocholesterolemic
effects, highlighting the extract’s broad therapeutic potential 52,

The analysis also identified Vitamin E (1.17%), a potent antioxidant
and anti-inflammatory agent known to prevent lipid peroxidation,
scavenge free radicals, and modulate inflammatory pathways.
Additionally, phytol (9.78%), a monounsaturated diterpene alcohol,
exhibited antioxidant, neuroprotective, and cytotoxic activities,
particularly against breast cancer cell lines, while serving as a
precursor to vitamins E and K [53%4 These findings provide a
mechanistic basis for the extract's hepatorenal protective effects,
emphasizing its antioxidant, anti-inflammatory, and cytoprotective
properties.

CONCLUSION

The therapeutic promise of A. spinosus lies in its bioactive
compounds, such as fatty acids, Vitamin E, and Phytol, which
contribute to its hepatoprotective, renal-protective, and anti-
inflammatory effects. These results underscore its potential as a
natural candidate for managing liver and kidney diseases, as well as
inflammation and oxidative stress. Future research should focus on
isolating these compounds, elucidating their molecular mechanisms,
and evaluating synergistic effects for pharmaceutical applications.
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