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Protective Effects ofActinidia deliciosaExtract and Silymarin on CCl-
Induced Hepatotoxicity and Behavioral Alterations in Male Albino Rats
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Inducida por CCI, y las Alteraciones Conductuales en Ratas Albinas Macho
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SUMMARY: This study aimed to evaluate the potential antioxidant, anti-inflammatory, antidepressant, and anxiolytic effects
of Actinidia delicioseextract ADE) in comparison to silymarin (SILY) in mitigating carbon tetrachloride (Ezi@tluced hepatotoxicity
and behavioral changes in male albino rats. A total of forty-two male albino rats were randomly divided into seven gnaips: cont
ADEO0.5 g/kg,ADE 1.0 g/kg, CCJonly, SILY + CC}, ADE 0.5 + CC|, andADE 1.0 + CC]J. The administration oADE significantly
reduced serum liver enzyme levels, improved antioxidant markers, and alleviated behavioral abnoAiditdso downregulated
the hepatic expression of CYP2E1 and Type | collagen, suggesting its potential hepatoprotective and neuroprotectivelregeerties.
findings indicate thaADE may serve as a promising alternative to silymarin in protecting against chemical-induced liver damage.
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INTRODUCTION

The liver is essential for controlling severalbe processed in the liver. Although it has narcotic and
physiological and biochemical processes in the body. dnesthetic properties (Abdelghffat al, 2022a). It is a
participates in many crucial processes, such as metabolizimghly hepatotoxic agent, and the most well-known
nutrients, detoxifying drugs and toxic substances, bikubstance to cause liver damage in laboratory experiments
production, and nutrition metabolism (AbdElfatahal, by producing ROS and elevating proinflammatory
2021; Abdelghffaret al, 2022a). Consequently, liver cytokines. Proinflammatory cytokines that are
disorders will significantly impair health. Most hepatotoxioverexpressed cause symptoms such as loss of interest in
chemicals primarily harm hepatocytes by causing oxidatisocial activities, as well as a decrease locomotor activity,
stress in the liver. Most biomolecules are easily reacted wigitploration, and body weight (Ahmatial, 2018). A bio-
and oxidized by reactive oxygen species (ROS) (Abdelghffactivation process mediated by cytochrome P450
et al, 2022b). Hepatotoxicity is a very common ailment thalCYP450) is necessary for the CCL4 mechanism of toxicity
results in fatal consequences such as severe metabtdiproduce the reactive metabolic trichloromethyl radical
problems (AbdElfatakt al, 2021; Abdelghffaet al, 2022a). and the proxy trichloromethyl radical (CCL3 & CCL302,
Numerous organs and systems throughout the body canrespectively) that generate free radicals (AbdElfatath,
adversely impacted by liver impairment. Awell-known sid®021; Abdelghffaret al, 2022a). CYP2E1 has a crucial
effect of both acute and/or chronic liver disordersrole in the hepatotoxicity of CCl4 (Ahmed al, 2011).
hyperammonemia is essential to the development of hepalige free radicals of CCL4 can form alkoxy and peroxy
encephalopathy. Also, depression, psychomotor, and anxiegglicals when they combine with polyunsaturated fatty
have been closely linked to liver problems (Ahneadl, acids. These radicals can cause lipid peroxidation (LPO),
2018). Consequently, maintaining a functioning liver is©yarm organelle/liver cell membranes, swell and hepatocyte
essential for general health and well-being. necrosis, as well as the release of cytosolic enzymes like

alanine/ aspartate aminotransferases (ALT, & AST) into

The lipophilic carbon tetrachloride (CCl4) maythe bloodstream (Amest al, 2014; Abdelghffaret al,
easily move throughout the body's lipid compartments ai222a).

1Department of Medical Laboratory Technology, Faculty of Applied Medical Sciences, University of Tabuk, Saudi Arabia.

Received: 2025-05-07  Accepted: 2025-07-23

1714



MOHAMMEDSALEH, Z. M.  Protective effects oActinidia deliciosaextract and silymarin on C@hduced hepatotoxicity and behavioral alterations in male albindmat3. Morphol., 43(5)L714-1725, 2025.

The CCl4 has been widely used by researchers flwits (Actinidia deliciosdwere sourced from local markets
cause liver cirrhosis in test animals (Anedral, 2014; in Al-Madinah Al-Munawwarah, Saudi Arabia. All
AbdElfatahet al, 2021). Liver cirrhosis is a serious issueanalytical-grade reagents were obtained from Sigma-Aldrich
for global public health. Currently, the primary and mosthemicals Co. (St. Louis, Missouri, USA).
important focus of hepatology therapy is the prevention of
liver cirrhosis and fibrosis (AbdElfataét al., 2021; Preparation of Kiwi Fruit Extract. The preparation of kiwi
Abdelghffaret al, 2022a). fruit extract followed a modified method based on previous

studies (Beauchamp & Fridovich, 1971; Batetdl., 2023).

At present, despite the tremendous advances in mod@&riefly, fresh Hayward green kiwi fruits were cleaned,
medicine to protect the liver from damage. There is no reliabpeeled, weighed, and chopped. The fruit pulp was
medication that promotes liver function, provides the livehomogenized for 30 seconds and centrifuged at 3000 rpm
with protection against harm, or aids in the regeneration fdr 10 minutes. The resulting supernatant was filtered using
hepatic cells. Therefore, a critical need exists for saf@yhatman No. 1 filter paper. A 70 % ethanol solution (1:1 w/
affordable, and effective medications to swap out and addvp was used for extraction. The filtrate was concentrated
those now being used for the treatment of liver disorders. Itusing a rotary vacuum evaporator and lyophilized to yield a
well-recognized that herbal remedies, which are secure atiiy extract (110 g per 1 kg of fresh fruit). The extract was
affordable, are crucial in the management of hepatopathkiored at —80C until use.

(Abdelghffaret al., 2022a). The most important herbal
medicinal components are alkaloids, tannins, flavonoids, ai vitro Study
phenolic compounds (Abdelghffat al, 2022b).
Phytochemical Screening.Preliminary qualitative

Actinidia deliciosaamily Actinidiaceae, commonly phytochemical screening of tAdE was performed using
known as kiwi fruit, is a highly valued plant worldwide forstandard protocols to identify secondary metabolites,
its medicinal value and characteristic aroma. It is an edikilecluding flavonoids, steroids, terpenoids, and glycosides
fruit and is cultivated in many countries. It has a lot of vitamifCassanet al, 2006; Chang & Liu, 2009; Carr & Vissers,
C (more than oranges), vitamin E, potassium (almost as m&il2; Ciaccit al, 2014; Daket al,, 2014).
as bananas), and beta-carotene (Essavay, 2010). It is
superior to other fruits in terms of antioxidant propertieAntioxidant Activity Assays. DPPH Radical Scavenging:
(Beauchamp & Fridovich, 1971; Batoet al, 2023). Assessed as per Dhimam al (2020). Superoxide Anion
Antioxidants in kiwi fruit are absorbed by the body fasteBcavenging (SAS): Performed following Dietsal (2020).
than those in other fruits with high antioxidant contenferric Reducing Antioxidant Power (FRAP): Conducted
(Beauchamp & Fridovich, 1971). It has been found to possassing the protocol by Abdelghffat al (2022a).
biological and pharmacological activities as an antioxidant,
free radical scavaging of free radicals, cytoprotective, anti-In vivo Study
diabetic, anti-hyperlipidemic, hepatoprotective activity, anti-
cancer, anti-inflammatory, neuroprotective, andicute Oral Toxicity Test (AOTT). An acute oral toxicity
cardioprotective qualities (Beaucham & Fridovich, 1971test was performed according to OECD guideline No. 420.
Brand-Williamset al, 1995; Bulleyet al, 2009; Caret al, Forty Wistar albino rats (male and female) were divided into
2013; Batoolet al, 2023). Further research is required tdour groups (n=10/group). Groups | and Il received vehicle
fully understand the defenses that kiwi fruit provides againshly, while Groups Il and IV receivediDE at 5000 mg/kg
hepatotoxicity. The most well-known hepatoprotectivésingle oral dose). Observations werADE over 14 days
medication, silymarin (SILY), was shown to have a stronfpr mortality and signs of toxicity. ThADE was deemed
protective effect against liver dam-age caused by CCLA4. Itsafe, and doses of 0.5 and 1.0 g/kg were selected for further
also used as a reference standard. Therefore, the objectivetatlies (El Azab, 2021).
this investigation was to evaluate the antioxidant, anxiolytic,
antidepressant, and immunomodulatory efficacies of kivAnimals. Adult male albino ratsRattus norvegicysl20—
fruit (Actinidia deliciosa in alleviating the oxidative stress 130 g) were obtained from the laboratory animal house,
and other side effects of CCl4-induced hepatotoxicity in rat€ollege of Pharmacy, Taibah University, KSA. The animals

were housed under standard laboratory conditions (12-hour
MATERIAL AND METHOD light/dark cycle, 26-28C) with access to food and water ad

libitum. All experimental procedures were approved by the
Chemicals.Carbon tetrachloride (Cwas purchased from Taibah University Research Ethics Committee (COPTU-
Sigma-Aldrich (St. Louis, MO, USA). Fresh Hayward kiwiREC-60-20230401).
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Experimental Design. Forty-two rats were randomly Protein Profile and Ammonia. Serum total proteins and

divided into seven groups (n=6 per group): albumin were measured; globulin was calculated. Ammonia
levels were assessed using MyBioSource kits (USA).

1. Control group (normal saline)

2.ADE 0.5 g/kg (oral, 10 weeks) Antioxidant and LPO Biomarkers. Levels of total

3. ADE 1.0 g/kg (oral, 10 weeks) antioxidant capacity (TAC), reduced glutathione (GSH),
4. CCl-only (1.0 mL/kg in olive oil, 3/week for 10 weeks) superoxide dismutase (SOD), ascorbic acid (Vitamin C), and
5. SILY + CC], (silymarin 100 mg/kg + CGQ) malondialdehyde (MDA) were quantified using
6.ADE0.5 g/kg + CCJ MyBioSource Kits.

7.ADE1.0 g/kg + CCJ
Cytokine AssaysSerum tumor necrosis factor-alpha (TNF-
Treatment continued for 10 weeks. Body weightga) and interleukin-6 (IL-6) were measured using ELISA kits
were recorded at baseline and end of the experiment.  from MyBioSource (USA).

Behavioral Assessment8ehavioral changes were assesse@ene Expression by qRT-PCRErozen hepatic tissues were

using the following tests: pulverized in liquid nitrogen, and total RNA was extracted
using the RNeasy Mini Kit (Qiagen, Germany). One-step

Open Field Test (OFT).Motor activity was assessed usingRT-PCR was performed using the AffinityScript RT-PCR

an arena (108 100x 47 cm, divided into 16 equal squares)kit (Agilent, USA).

The number of line crossings, latency, rearing, grooming,

and freezing time were recorded over a 3-minute period.Primer sequences:

Elevated Plus Maze Test (EPMT)Anxiety-like behavior CYP2EL:

was evaluated by placing rats at the center of the elevated

plus maze and observing the time spent and number of entik@sward: 5-CTCCTCGTCATATCCATCTG-3’
into open and closed arms for 3 minutes. Reverse: 5-GCAGCCAATCAGAAATGTGG-3’

Forced Swim Test (FST)Rats were placed in a cylindrical Type | Collagen:
tank (60 cm height, 80 cm width) filled to 40 cm depth with
room temperature water. Immobility and swimming time&orward: 5-TCCTAGTCTCAATACGCAG-3'
were recorded during a 3-minute session. All apparatus@sverse: 5-CGCTCTATCACTGGGCATTGG-3'
were cleaned with 10 % ethanol between trials (Fleteher
al., 2024). PCR conditions: 28 (5 min), 42C (30 min), 85C
(5 min). Relative expression was calculated using the DDCt
Sampling and Tissue Processindit the end of the study, method.

rats were anesthetized with ketamine (10 mg/kg, i.m.), and )

centrifugation (3000 rpm, 30 min,°C) and stored at-80 €rror (SE). One-way ANOVA followed by Tukey’s post hoc
°C. Livers were excised, weighed, and homogenized &St was used _fo_r statigtic_a_l analysis. Differences were
phosphate buffer (pH 7.4). Homogenates were centrifugé@nsidered statistically significant at P < 0.05.
(4000 rpm, 15 mi_n, 4C) and supernatants stored at*80 RegyLTS
for further analysis.
) ) In vitro Findings
Biochemical Analyses
Phytochemical Screening.Preliminary qualitative
Liver Enzymes. Serum levels of alkaline phosphatasg@hytochemical analysis éfctinidia delicioseextract ADE)
(ALP), alanine aminotransferase (ALT), and aspartatevealed the presence of steroids, cardiac glycosides,
aminotransferase (AST) were measured using UDI kiterpenoids, flavonoids, and carbohydrates. In contrast, tests
(Dammam, KSA). for alkaloids and tannins yielded negative results. The total
phenolic content (TPC) was 31.241.30 mg gallic acid
Lipid Profile. Total cholesterol, triglycerides, HDL equivalents (GAE)/g of dry extract, while the total flavonoid
cholesterol were measured using commercial kits; LDL armbntent (TFC) was 22.12 1.86 mg quercetin equivalents
VLDL levels were calculated. (QE)/g of dry extract.
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Antioxidant Activity . ADE exhibited strong antioxidant oral administration oADE at 5000 mg/kg over a 14-day
propertiesin vitro. The DPPH radical scavenging activityobservation period. Therefore, the acute lethal dosg YLD
of ADE was recorded at 2.04 0.35 mg/mL, which was of ADE was estimated to be greater than 5000 mg/kg,
significantly higher than that of the reference standaiiddicating thatADE is safe for further pharmacological use.
vitamin E (0.01+ 0.001 mg/mL; P < 0.001). Similarly,

superoxide anion scavenging activity was observed at 5.Béhavioral Assessments: Motor Activity and Anxiety-like
+0.07 mg/mL folADE, compared to 0.240.04 mg/mL for Behavior. As shown in Figure 1, The results of the OFT

vitamin E (P < 0.001). illustrated increased latency, rearing, freezing, & grooming
time and decreased ambulation time (p<0.001) in the CCl4-
In vivo Findings treated alone group in contrast to the healthy control animals.

Furthermore, in the EPMT, the number & the time spent in
Acute Oral Toxicity. No mortality or observable adversethe open arm significantly reduced and the number & the
effects were reported in either male or female rats followirtgme spent in the closed arm significantly increased in the
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CCl4 group in contrast to the healthy control animalsffect of SILY andADE is similar (P>0.05) for ALP, ALT,
(p<0.001). Moreover, in MWMT, swimming time andand AST.
immobility time significantly decreased and increased,
respectively, (p<0.001) in the C@roup in contrast to the Effect of ADE on the serum lipids & proteins profile indices
healthy control animals. The above changes were partiaipd ammonia.According to Table Il, the CGlreated alone
regulated in a dose-dependent way in the pre-treatment rgitsup's blood levels of total cholesterol, triglycerides, LDL
that received either SILY or both dosesADE (ranging cholesterol, VLDL cholesterol, total protein, and ammonia
from P<0.05-0.001 in contrast to the control animalssubstantially increased (p<0.001) in comparison to the animals
P<0.001:vs CCl,-only animals). All these significant in the healthy control group. Moreover, HDL-chol. and
recordings are indicative of the anxiolytic and antidepressaaibumin levels in serum significantly reduced (p<0.001) in
effects ofADE. Itis noted that the improving effect of SILY the CC] group in contrast to the healthy control animals. The
andADE s similar (P>0.05) in most parameters, except thabove changes were partially regulated in a dose-dependent
latency, freezing, and immobility significantly changedvay in the pre-treatment rats that received either SILY or both
between SILY and a low doseADE (ranging from P<0.01- doses oADE (ranging from a P-value <0.05-0.001 in contrast
0.001 in contrast to the SILY animals). to the control animals; P<0.001: vs CCl4-only animals). It is
seen that the beneficial impactAddE and SILY is comparable
Effect of ADE on the weights of the body & the liver, and (P>0.05) in most parameters, except for triglycerides, HDL-
the relative liver weights.In Table I, the CGttreated alone chol, LDL-chol, and VLDL-chol, which altered considerably
group had a significant reduction (p<0.001) in body weightetweenADE and a low dosage (P<0.001 compared to the
gain in contrast to the control animals. In contrast to tH&lLY animals).
control group, rats given CCl4 alone had a considerable rise
(p<0.001) in the weight of the liver as well as its relativ&ffect of ADE on the weights of the antioxidants and lipid
weight. This marked loss of body weight and alterations jperoxidation. As shown in Figure 3, the hepatic MDA level
the relative liver weight were partially ameliorated by eithesignificantly elevated (P<0.001) in C&illone animals in
SILY or low & high doses oADE (ranging from P<0.05- contrast to the healthy control animals. While the hepatic
0.001 in contrast to the control animals; P<0.05-0.001 ¥3SH, SOD, TAC, and ascorbic acid (Vit. C) significantly
the CCJ-only animals). Itis noted that the improving effececreased (P<0.001) in the G@kated alone animals in
of SILY andADE is similar (P>0.05) in most parameterscomparison to the control animals. Oral administration of
except the weight of the liver as well as its relative weighdw or high doses oADE caused partial alteration in the
significantly changed between SILY and a low doseDE hepatic MDA (the P-value <0.05-0.00% the healthy

(P<0.001 in contrast to the SILY animals). animals; the P-value <0.001 vs CCl4 only animals), in dose-
dependent manners. Also, changes of hepatic GSH, SOD,
Effect of ADE on the serum hepatic toxicity TAC, and ascorbic acid (Vit. C) were partially alleviated in

the pre-treatment rats that taken a low dog€li (ranging

ALP, ALT, and AST, indicators for serum cellularfrom the P-value P<0.05-0.01: in contrast to the control
toxicity, were substantially elevated (p<0.001) in the £Clanimals; the P-value <0.001 vs G@hly group). Otherwise,
treated alone group in contrast to the healthy control animatlse hepatic GSH, SOD, TAC, and ascorbic acid (Vit. C) were
according to Figure 2. In the pre-treatment rats that receivexturned to a state that was almost normal levels after
either SILY or both doses &DE, all these alterations were treatment with a high dose &DE (the P-value>0.05 in
only marginally regulated (ranging from a P-value <0.0%ontrast to the control animals; P<0.001 in contrast tq CCl
0.001 in contrast to the control animals; the P-value <0.0@hly group). It is shown that the positive effect&\BfE and
vs the CCjonly animals). It is noted that the improvingSILY are equal (P>0.05) in these antioxidant parameters.

Table I. The impact oADE on weights of body & liver (g) and relative liver weight (9/100 g b.w) in the CCl4-induced liver injury.

Groups

Control ADE, CCl, only SILY+CCl, ADE,+CCl, ADE, #+CCl,
Parameters
Body weight before (g) 12430+1.39 12350+1.15 125.70+1.00 126.90+0.81 125.30+0.96 127.30%0.76
Body weight after () 253404156 258.30+2.12 234.10+1.58 245.70+136### 240.00+1.99 # 243 60+1.36##H
Body weightgain (g) 129104243 13480+2.03 10850+1.92 118.80+1.14## 11470+ 1.67# 116.30+ 1.34#
Liver weight (g) 5.45+0.05 5.34+0.17 7.85+0.05 5.82+0.05### 6.63+0.06#1#$$$  5.99+0.06##
Relative liver weight 2.15+0.03 2.07+0.08 3.35+0.04 2.37+0.03### 2.76+0.03##4$$$  2.46+0.02###

ADE: Actinidia deliciosaextract. CCL4: carbon tetrachloride. The symbol denotes a P-value < 0.05 relative to the control group of animals. # symbol
indicates a P-value < 0-05 in comparison to the CCL4 animals. $ symbol indicates a P-value < 0-05 in comparison to tmaISILY ani
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Effect of ADE on the weights of the serum cytokines levelBigure

4 revealed that the markers for serum pro-inflammatory markers
including TNFa as well as IL-6 cytokines significantly elevated
(p<0.001) in CC} only animals in comparison to the healthy control
animals. The rats who received either SILY or b&BE dosages

had some degree of partial modulation of all these alterations (ranging
from P<0.05-0.001 in contrast to the control animals; P<0.001 vs
the CCJ animals) in a dose-dependent way. Also, it is seen that the
positive effects oADE and SILY are equal (P>0.05) in these pro-
inflammatory markers.

Effect of ADE on the CYP2E1 and type | collagen gene
expressionsFigure 5 showed that the expression level of CYP2E1
and type I collagen significantly elevated (p<0.001) in CQxly
animals in comparison to the healthy control animals. In a dose-
dependent manner, oral administration of either SILY or low and
high dosages &DE partially altered the expression level of hepatic
CYP2EL and type | collagen (P<0.05-0.001 in contrast to the control
animals; P<0.001 vs CCbnly animals). It is shown that the
beneficial impact ofADE and SILY is equivalent (P>0.05) on
CYP2EL1 gene expression, except for type | collagen gene expression,
which changed considerably betweABDE and a low dosage
(P<0.001 compared to the SILY animals).

The healthy rats' response tAADE. Additionally, our study found

no statistically significant difference (p > 0.05) in any of the measures
between the healthfkDE-treated group (especially low dose; the
data not shown) and the control group (Tables | and II; Figs. 1 to 5),
except only the high dose ADE had significant rise (p<0.05) in
serum TAC & hepatic GSH levels in contrast to the control animals,
as shown in Figure 3.

Fig. 2. The impact oADE on serum alkaline phosphatase, ALP (A), alanine/
aspartate transaminases, ALT & AST (B&C) in the d@dluced liver injury.

The symbol * denotes a P-value < 0.05 relative to the control group of
animals. # symbol indicates a P-value < 0-05 in comparison to the CCL
animals.

Table II. The impact oADE on serum lipids & proteins profile and ammonia in the CCl4-induced liver injury.

Groups

Parameters Control ADE,, CCl, only SILY+CCI, ADE,+CCl, ADE, ;+CCl,
Total chdesterol (mg/dl) 133.40+1.86 129.3+1.29 181.50+1.15 139.80+1.49 #it#  142.5+1.53 #it# 140.40+1.10 ###
Triglycerides (ng/dl) 100.5+1.36  100.7+1.20 192.0+2.01 110.40+1.03 ###  132.70+3.60##4$$$  114.00+2. 434
HDL- Chal. (mg/dl) 22.57+0.63  24.79+0.88 7.33+0.27 19.50+0.43 ### 13.10+0.73##4$$$  19.060.37 ###
LDL- chol. (mg/dl) 90.75+1.86  84.36+2.13 135.80+1.04 98.10+1.59 ### 111.40+1.54###$$$  100.50+0.60 #it#
VLDL- chol. (mg/dl) 20.09+0.27  20.14+0.24 38.40+0.40 22.09+0.21 ###  26.53+0.72###$$$  22.79+0.47 #itH
T. protein (mgdl) 6.58+0.26 6.85+0.28 5.21#0.100.26  5.68+0.10 # 5.28+0.08 5.51+0.15
Albumin (mg/dl) 3.52+0.12 3.86+0.09 2.40+0.05 3.13+0.85 #it# 2.94+0.07 ### 3.03+0.08 #it#
Globulin (mg/dl) 3.07+0.30 2.99+0.27 2.82+0.10 2.55+0.14 2.3440.15 2.49+0.19
Ammonia(_mol/L) 34.72+1.35  34.89+1.14 93.71+1.27 4287110 ##H#  74.11+2.27 ### 43.87+1.28 #Ht

ADE: Actinidia deliciosaextract. CCL4: carbon tetrachloride; HDL high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol. The
symbol denotes a P-value < 0.05 relative to the control group of animals. # symbol indicates a P-value < 0-05 in contipar@®Gh4animals. $
symbol indicates a P-value < 0-05 in comparison to the SILY animals.
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E 0. R antioxidant; GSH: glutathione reduced, Vit. C: vitamin C. The
3 symbol * denotes a P-value < 0.05 relative to the control group of
3 animals. # symbol indicates a P-value < 0.05 in comparison to the
0.0 CCL, animals.
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Fig. 4. The impact oADE on serum TNF (A) and IL-6 (B) in the CCl4-induced liver injukiDE: Actinidia deliciosaextract. CCL4:
carbon tetrachloride; IL-6: interleukin-6; TNF: tumor necrosis factor. The symbol * denotes a P-value < 0.05 relativetomtiyeag
of animals. # symbol indicates a P-value < 0-05 in comparison to the CCL4 animals.
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(A) DISCUSSION
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Numerous studies have shown
HHHE that mental illnesses like anxiety and
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despair were present in many
> * % o individuals with liver diseases including
cirrhosis and hepatitis (Harborne, 1998;
He et al, 2006; Ahmackt al, 2018).
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liver damage or failure can result in
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e
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hyperammonemia, which can cause
oxidative stress and neuroinflammation
as well as several neurological problems
(Hunteret al, 2012; Huangt al, 2017;
P O Ahmadet al, 2018; Fletcheet al,
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for testing the anti-hepatotoxic,
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E antidepressant, and anxiolytic activities
S o & (B) of pharmaceutical products (AbdElfatah
g g et al, 2021; Abdelghffaet al, 2022a,
S o % Je Je 2022b). According to previous
[ "E 3L HEH research, kiwifruit has been associated
o0 $$$ with enhancing memory deficits, and
% 9 dedede mood disturbance via inhibiting
() % 2L neuroinflammation and oxidative
g o stress (lwasawet al, 2010, 2011; Carr
o E Y% %% etal, 2013). Considering this data, the
° > 1 currentinvestigation reportedDE has
i possible anxiolytic and antidepressant-
E f—: like effects concerning CCl4-induced
Qw0 liver damage.
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i~ Goé Y 4 ¢ Moreover, the structural
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C 9\, ?&Q ?-& integrity of the liver may be harmed
by the elevation of lipid peroxidation
and oxidative stress leading to an

:gg — D s a—— v increase in ALP, ALT, and AST levels,
300 [— which are discharged into the blood.
300 — The CCl4 metabolism is initiated with
:33 T e e D S S s TP 1 COL the formation of highly active toxic
metabolites of CCl4 that combine with
3g0 S biomolecules (Kangt al, 2012; Amer
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et al, 2014; AbdElfatatet al, 2021;
Abdelghffar et al., 2022a). An

. . . . imbalance between intracellular free
Fig. 5. The impact oADE on the relative gene expression of CYP2EL (A) a dical generation and cellular defense

type | collagen (B) in the C@induced liver injuryADE: Actinidia delicioszextract. stems causes increased oxidative
CCL,: carbon tetrachloride; CYP2E1, Cytochrome (CYP) P450 family (5 N . S h
subfamily (E) member (1). The symbol * denotes a P-value < 0.05 relative toYfeoS: NUMerous Investigations have
control group of animals. # symbol indicates a P-value < 0.05 in comparison tothan that CCl4 lowers GSH, reduces

CCL4 animals. $ symbol indicates a P-value < 0.05 in comparison to the SI{! antioxidantenzymes activities like
animals. SOD & Vit. C, and raises hepatic MDA

levels (Kanget al, 2012; Ameset al,
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2014; AbdElfataket al, 2021; Abdelghffaet al, 2022a). scavenging free radicals and ROS that can harm liver cells.
However, it was suggested that liver injury may also be ditraises the body's natural antioxidant levels, including GSH,
to the elevation of oxidative stress, LPO, and inflammatomyhich aids in detoxification and oxidative stress resistance.
mediators that are released from the activated stell&ewi fruit phytochemicals neutralize free radicals and stop
macrophage (Kupffer cells) (Caet al, 2013; Abdelghffar LPO, which also blocks the initial and following (initiation
et al, 2022a). The upregulation of cytochrome P450 2E1 & propagation) steps of oxidative chain reactions (Oeten
the primary cause of the traditional route of ROS productial., 2005; Huanget al, 2017). Furthermore, kiwifruit can
in hepatocytes. So, the downregulation of this gene can reqritvent HFD from raising LPO, oxidative stress, and plasma
in a decrease in reactive metabolites, and CYP2E1 kndgkid profiles (Parket al, 2010). We discovered that this
mice were resistant to CCl4-induced liver damage (Kass&lwi treatment inhibited all the downstream effects, including
& Elwan, 2020). Also, LPO is one of the most significanbxidative stress and LPO, indicating that kiwi may block
indicators of oxidative stress. Our research showed that C@t initial stage of the signaling pathway. This is because
elevated CYP2E1, which accounted for the elevated LPOYP2E1 catalyzes the production of free radicals during the
and decreased GSH levels in the CCl4 group (Ahebatl, metabolism of CCl4, which leads to liver dysfunction.
2011; Khanet al, 2019). In addition, the elevation of Therefore, we hypothesized that proanthocyanidins might
oxidative and nitrosative stresses are caused kgssen the increased expression of CYP2EL after CCl4
overexpression of CYP2EL. Hepatic injury, which oftetreatment (Kharet al, 2019). Moreover, MDA and free
progresses to fibrosis, results in hepatic stellate cells (HSCalicals can activate HSCs and promote collagen production
activation and synthesis of procollagen-I which is the masuch as Type | collagen (Pagkal., 2006). The antioxidant
source of collagen |, and other fibrosis-deposited matroe radical scavenging properties of kiwi may contribute to
proteins. CCl4 is upregulated the type-I collagen in hepatits anti-fibrotic effects. (1) Anti-inflammatory effects: Kiwi
tissue (Leeet al, 2011). shows anti-inflammatory abilities by preventing the
generation of pro-inflammatory cytokines and their
Our findings of the present investigation showed kiwinediators (Beauchamp & Fridovich, 1971; Maillar, 1998;
fruit exerts antidepressant, anxiolytic, and hepatoprotectiiitra et al, 2001; Motohashét al, 2002; OECD, 2002;
effects through ameliorating depressive/anxiety-lik8ulley et al, 2009; Essawgt al, 2010; Linet al, 2011,
behaviors, the body weight, lipid profile, and liver enzymeBlilaneschiet al,, 2012; Navinést al, 2012; Mahesbt al,
as well as increasing the total enzymatic and non-enzyma2i@13; Shiet al, 2013; Moreiraet al, 2014; Yanget al,
antioxidant capacity as well as decreasing LPO indicatd015; Richardsoet al, 2018; Batookt al,, 2023; Ugwah,
(MDA) & inflammatory cytokines (Beauchamp & Fridovich, 2023). (Ill) Membrane Stabilization & Inhibition of Fibrosis:
1971; Bulleyet al, 2009; Linet al, 2011; Maheslet al, Kiwi protects hepatocyte membranes from oxidative stress
2013; Yanget al, 2015) as well as down-regulation ofcaused by CCl4, and supports liver function by preserving
CYP2E1& type-I collagen in liver (Khaet al., 2019). This the integrity of cell membranes (Bullef al, 2009), and
might be explained by a combination of antioxidant, antprevents the activation of hepatic stellate cells, which play a
inflammatory, membrane-stabilizing, and detoxificatiorkey role in the progression of liver fibrosis because they
mechanisms of kiwi fruit, making it a valuable protectivgproduce collagen and other ECM components Dail.,
agent for liver diseases and disorders. Silymarin (SILY) is2014). Several researchers who have studied the effects of
flavonoid complex, widely known for its hepatoprotectivechlorogenic acid, which is often present in kiwi fruit, on
properties. It was clear from the previous results that thiger fibrosis in rats (Shet al, 2013, Carret al, 2013;
improving effect of kiwi against liver toxicity is similar in Richardsonet al, 2018). According to their studies, kiwi
most indications compared to SILY. The kiwi fruit's capacityruit extract reduced liver fibrosis by inhibiting the activation
to protect the liver is enhanced by many mechanisms: @j hepatic stellate cells and suppressing the expression of
Antioxidant Activity: Kiwi fruit is rich in flavonoids genes involved in fibrosis progression. (IV) Antidepressant
(quercetin, kaempferol, and catechins), carotenoids (betad anxiolytic effect: It has been demonstrated that low levels
carotene and lutein), polyphenolic compounds (chlorogenit vitamins C & E, and carotenoids are associated with higher
acid and caffeic acid), vitamins (A, B2, B9, C, E, K), mineralgepression & cognitive impairment (Woetgal, 1998; Wang
(Ca, Cu, Mg, & P), and other compounds. Flavonoids alst al, 2000, 2007; Wet al,, 2023). Kiwi fruit is particularly
have the potential to be antioxidants and may have additionigh in these micronutrients (Xt al, 2017; Yadaet al,
health benefits (Maillar, 1998; Miteg al., 2001; Motohashi 2017), which may contribute to improved mood as well as
et al, 2002; OECD, 2002; Essawy al, 2010; Milaneschi vitality disorders (Yamamoto, 1990; lwasaetaal, 2010).
et al, 2012; Navinést al, 2012; Moreiraet al, 2014; Furthermore, according to Richardsstral (2018), it is an
Mazzarelleet al,, 2019). As a strong antioxidant, kiwi helpsexcellent source of folate, (or vitamin B9), necessary to
to prevent liver damage and the advancement of fibrosis pyoduce neurotransmitters like serotonin, essential for
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controlling mood and anxiety (Ztat al, 2021). Kiwi fruit  propiedades hepatoprotectoras y neuroprotectoras. Estos hallazgos
also has a lot of potassium, which is important foindican queADE podria servir como una alternativa prometedora
maintaining nerve function and muscle control. Potassiufl@ silimarina en la proteccion contra el dafio hepatico inducido
levels may indirectly affect mood and anxiety level§°F sustancias quimicas.

(Richardsoret al, 2018). Some research suggests that certain PALABRAS CLAVE: Actinidia deliciosa Antioxidante:

compounds in kiwi fruit may act as precursors to SerOtoni-rﬂepatotoxicidad; CYP2EL1; Ansiolitico; Depresion; Lesion
(Zhuet al, 2021), which associated with mood regulationyepatica.
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