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Background: Trastuzumab is a new biological drug that has been used to treat breast and 
gastric cancer; however, its cardiotoxicity and hepatotoxicity limit its use. Garlic has anti
oxidant, anti-inflammatory, antihyperlipidemic, and anticancer effects. The present study 
aimed to evaluate the effects of garlic on trastuzumab-induced hepatotoxicity in a rat model.
Methods: Twenty rats were divided into four equal groups as vehicle control (G1), garlic 
(G2), trastuzumab (G3), and trastuzumab+garlic (G4). All rats were sacrificed after eight 
weeks of treatment, followed by blood collection and excision of liver tissues for further 
analyses. The liver specimens were processed for histopathological (HP), immunohistochem
ical (expression of TNF-α and PCNA), immunofluorescent expression of Chk2 and p53, 
biochemical, and flow cytometry investigations to evaluate the extent of hepatocyte injury. 
The biochemical analysis was conducted for the activity of tissue antioxidants (GPX1, CAT, 
and SOD2), serum lipid profile, and liver enzymes, whereas ROS was performed by flow 
cytometry.
Results: The results revealed remarkable structural changes in hepatocytes of G3 with sig
nificant increases in the numbers of inflammatory cells and positive PCNA cells, area % of 
collagen fibers, and immuno-expression of TNF-α, as well as a significant reduction in the 
nuclear expression of Chk2. In addition, significant reductions were noticed in the antioxidant 
enzymes (SOD2, CAT, and GPX1) activity of G3. In contrast, the levels of lipid profile tests 
(triglycerides, total cholesterol, LDLC, and HDLC), liver enzymes (ALT, AST, and ALP), and 
ROS revealed significant increases in rats of G3. Likewise, garlic administration in G4 restored 
all mentioned changes to their average levels deviated by trastuzumab.
Conclusion: Based on the current results, garlic demonstrates hepatoprotective effects 
against trastuzumab-induced toxicity in rats. The study suggested for the first time that the 
coadministration of garlic with trastuzumab for treating breast or gastric cancer can augment 
their efficacy with minimal toxicity.
Keywords: trastuzumab, aqueous garlic extract, cancer, hepatotoxicity, oxidative stress, 
liver enzymes

Introduction
Breast and gastric cancer are common worldwide tumors that affect millions of 
patients using new biological drugs such as trastuzumab to treat these dangerous 
tumors.1 Trastuzumab is one of the standard safe biological adjuvant drug therapy 
regimens that has a significant anticancer effect. It rewards an effective regimen to 
treat the positive cases of human epidermal growth factor receptor 2 (HER2) breast 
cancer since 1998. However, trastuzumab has cardiac and hepatotoxic dysfunctions, 
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limiting its use in 4% of cases.2,3 Trastuzumab is 
a recombinant monoclonal HER2/neu antibody antagonist 
that selectively binds with high affinity to cancer cells’ 
HER2/neu protein extracellular domain. Hence it can 
block their growth and stimulate the immune system to 
eradicate these cancer cells.4,5 The toxic effects of drugs 
affect the liver as it is the primary organ responsible for 
the biotransformation and detoxification of numerous 
drugs.6 Except for a few drugs that have been thoroughly 
investigated, such as digoxin and theophylline, it is diffi
cult to rule out drug-induced liver injury as a complication 
of prescribed drugs. Several cases of hepatotoxicity have 
emerged in oncology, as the new therapeutic options have 
evolved from traditional cytotoxic effects to signal trans
duction inhibition, anti-angiogenesis, and 
immunotherapy.7 Therefore, understanding the unclear 
mechanisms of trastuzumab-induced hepatic injury and 
how to prevent it is essential.8 Herein, the alternative 
medicine and pharmacological attempts to protect the 
liver from hepatotoxicity in cancer patients are promising. 
However, the available data are still limited to augment the 
effects of these interventions.9

The use of several dietary products as hepatoprotective 
and antioxidants has shown immense interest in developing 
drugs from natural sources such as nutraceuticals. Garlic 
(Allium sativum) is a common herb, consumed in the food
stuff and given in the hepatic disorders since ancient times. 
Medicinally, garlic and its various preparations as fresh, 
aqueous, and alcoholic extracts have several benefits such 
as antioxidant, anti-inflammatory, antimicrobial, and antihy
perlipidemic properties. Several studies have suggested the 
role of garlic as an antidiabetic, antioxidant, and immuno
modulatory agent as well. The studies also showed that garlic 
has numerous medicinal properties due to its high concentra
tions of organosulfur compounds.11 Garlic offers a novel 
promising hepatoprotective strategy for induced hepatotoxi
city in animal models, mainly through inactivation of the pro- 
apoptotic cascade and enhancing the proliferation of 
hepatocytes by reducing ROS formation levels.12 Evidently, 
it showed multiple protective effects on lead and cadmium- 
induced toxicity in rats, preventing metal accumulation and 
biochemical alterations in the liver and kidney.13 Higher 
doses (500 mg/kg BW) of aqueous garlic extract (AGE) 
significantly exhibited an ameliorative effect against the 
toxic oxidative injuries of lead in rats, especially on the 
liver, kidney, and brain. At the same time, garlic extract at 
different doses (200, 400, 800 mg /kg) ameliorated busulfan- 
induced testicular damages in mice with significant 

protection at higher doses. Although garlic possesses potent 
antioxidant, anti-inflammatory, antihyperlipidemic, and anti
microbial properties, its role has not yet been evaluated in 
trastuzumab-induced toxicity.10 In the present study, we tried 
to understand the role of garlic extract in trastuzumab- 
induced hepatotoxicity in female albino rats and its use as 
a supplement during breast and gastric cancer treatment.

Materials and Methods
Animals and Ethical Considerations
Rats of the current study were obtained from the animal 
house of Qassim University (QU), KSA, kept under 23 °C 
on a 12-h light/dark cycle, and acclimatized at the same 
place for one week. Their age was ten weeks, they 
weighed 190–240 gm, and were fed a standard diet and 
water ad-libitum. The animal study protocol and proce
dures were accepted by the Laboratory Animal Research 
Ethics Committee of QU (No. mduc-2019-2-2-I-5610) and 
conducted following the ARRIVE guidelines and the 
Animal Welfare Society (University of London, UK) 
guidelines for the care and use of laboratory animals.

Drugs and Chemicals
Trastuzumab vials (Herceptin 150 mg/mL for injection) and 
aqueous garlic extract (AGE) bottles (softgel 1000 mg) were 
purchased from Genentech, Inc. (California, USA) and 
Puritan’s pride Inc. (Oakdale, USA). Ketamine and 
Xylazine were purchased from Sigma (Taufkirchen, 
Germany). The kits of Hematoxylin and eosin stain (H&E 
ab245880), Masson’s trichrome stain (ab150686), HRP sec
ondary antibody (ab6721), and DCFDA Cellular ROS assay 
(ab113851) were purchased from Abcam (Cambridge, UK). 
In addition, the primary antibodies of tumor necrosis factor- 
alpha (TNF-α ABIN677318), proliferating cell nuclear anti
gen (PCNA, ABIN2854788), checkpoint kinase 2 (ChK2, 
ABIN6256554), and anti-p53 (ABIN6256312), as well as 
colorimetric assay ELISA kits of antioxidant enzymes 
(SOD2 (ABIN6959752), CAT (ABIN6976273), and GPX1 
(ABIN6956204)], lipid profile tests [triglycerides (TG, 
ABIN772505), total cholesterol (TC, ABIN772507), low- 
density lipoprotein cholesterol (LDLC, ABIN6968342), 
and high-density lipoprotein cholesterol (HDLC, 
ABIN5708889) tests], and liver enzymes [alanine transami
nase (ALT, ABIN2462887), aspartate transaminase (AST, 
ABIN6956178), and alkaline phosphatase (ALP, 
ABIN6953611)] were purchased from antibodies-online 
GmbH (Aachen, Germany).
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Experimental Design
The dose of garlic extract was selected after performing an 
in vivo oral acute toxicity assay to determine the LD50 

(Supplementary Materials). Twenty adult female rats were 
divided equally into four groups and treated for eight weeks. 
We preferred the female rats for the current study as trastu
zumab is mainly used to treat Her-2 expressed breast cancer, 
and the female rats are the well-recognized breast cancer 
model animal. Group 1 (G1) was treated as a control group 
with an intraperitoneal injection (IPI) of one mL of water 
solvent/kg once weekly. Group 2 (G2) was treated through an 
oral gavage tube with garlic extract (500 mg/kg in one mL 
water solvent) once daily,14,15 group 3 (G3) was treated with 
IPI of trastuzumab (10 mg/kg once weekly in one mL of 
water solvent) to induce hepatotoxicity.16,17 In contrast, 
group 4 (G4) was treated with IPI of trastuzumab (10 mg/ 
kg in one mL water solvent) once weekly and with oral garlic 
extract (500 mg/kg in one mL water solvent) once daily. At 
the end of the experiment, all rats were anesthetized by IPI of 
75 mg/kg ketamine and 10 mg/kg xylazine to obtain blood 
samples and liver specimens.18

Examining Effects of Trastuzumab and 
Garlic on the Histological Structure of 
the Liver Tissues
The excised hepatic specimens were fixed immediately in 
buffered formalin 10%, processed to obtain four μm sec
tions, and stained with H&E to evaluate the general histo
logical structure regarding inflammatory cells infiltration 
(ICI) and hepatic congestion.19

Evaluating Effects of Trastuzumab and 
Garlic on Collagen Fiber (CF) Deposition 
and Liver Fibrosis
The standard Masson’s trichrome staining protocol was 
applied to the liver tissue sections as previously described to 
evaluate the amount of CF deposition and the extent of 
fibrosis.20

Examining Effects of Trastuzumab and 
Garlic on TNF-α Immuno-Expression in 
the Hepatocytes
The streptavidin-biotin peroxidase method was applied to 
the liver sections as previously described.21 The sections 
were deparaffinized, rehydrated, and incubated with the 
monoclonal anti-TNF-α or anti-PCNA antibody overnight 

at four °C, secondary antibody, DAB chromogen, and 
Mayer's Hematoxylin (counterstain) to detect the immuno- 
expression of TNF-α or PCNA in the hepatocytes of all 
groups.

Immunofluorescence Detection of ChK2 
and p53 Proteins in Hepatocytes by the 
Confocal Microscopy
The anti-ChK2 and anti-p53 antibodies were applied to the 
liver sections to localize sites of immunofluorescence in 
the hepatocytes by the confocal microscope.22

Image Processing and Morphometric 
Study
Ten non-overlapping fields from liver sections of each 
group were examined and photographed with a CMOS 
(TC5PRO) digital camera of a light microscope (Jinan, 
China) to evaluate the HP structure of hepatic tissues at 
the unit of advanced microscopes (QU, KSA). 
Quantitative statistical image analysis of 10 fields 
(with magnification 200X) from the liver tissues was 
performed by using ImageJ V1.50i (NHI/USA) software 
to calculate and analyze the numbers of ICs and PCNA 
cells /10 fields, as well as the area percentage of CF 
deposition (to determine the extent of hepatic fibrosis) 
and the immuno-expression of TNF-α in the hepatocytes 
of all groups.

Effects of Trastuzumab and Garlic on 
Antioxidants Enzyme Assays
According to the manufacturer’s instructions, the liver 
tissues were excised, followed by homogenization in the 
assay buffer of respective assay kits to determine SOD2, 
CAT, and GPX1 activity.

Effects of Trastuzumab and Garlic on 
Biochemical Analysis of Lipid Profile and 
Liver Enzymes
According to the manufacturer, blood samples were col
lected from all rats in Eppendorf tubes and allowed to clot 
for 30 min to obtain serum (by centrifugation at 1500× 
g for 10 min) and measure lipid profile and liver enzymes 
levels. The lipid profile parameters were TG, TC, LDLC, 
and (HDLC). The serum levels of liver function tests were 
ALT, AST, and ALP as biomarkers of hepatic injury.24
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Assay of Cellular Reactive Oxygen 
Species (ROS) in the Liver Tissues by 
Flow Cytometry
Single-cell suspensions were acquired from the liver tis
sues and prepared to measure cellular ROS 2ʹ,7ʹ- 
dichlorofluorescein diacetate (DCFDA) in all groups by 
flow cytometry as described previously.23 The samples 
were acquired on the MACSQuant Analyzer 10 and ana
lyzed using FlowJo software v10.7.

Statistical Analysis
The quantitative experimental data of ICs and PCNA 
numbers /10 fields, the area percentage of CF and TNF-α 
immunoexpression, antioxidants, lipid profile parameters, 
and liver function tests were calculated and statistically 
analyzed by One-way and Two-way ANOVA, using Prism 
9. The values are expressed as mean ± SD of three inde
pendent experiments. P-value < 0.0001 is considered sta
tistically significant.25

Results
Garlic Effects on Trastuzumab Induced 
Changes in the Hepatic Tissues
The H& E images of hepatic tissues revealed the typi
cal structure of hepatocytes in G1 and G2. In 
contrast, G3 showed noticeable hydropic changes of 

hepatocytes with mild ICI, and congested central 
veins (CCV) compared to G1, indicating the 
hazardous effects of trastuzumab. However, the hepa
tocytes of G4 showed similar features as noticed in G1 
& G2, clearly indicating the hepatoprotective effects 
of garlic extract supplementation with trastuzumab 
(Figure 1).

Garlic Effects on Trastuzumab Induced 
Collagen Fiber (CF) Deposition Changes 
in the Liver
The Masson’s trichrome staining of the liver tissues exhib
ited mild CF deposition in the liver of G3 rats, while it was 
not observed in G1 and G2, indicating mild fibrotic effects 
of trastuzumab. Interestingly, significant changes in the CF 
deposition were noticed in G4, revealing a significant role 
of garlic extract in protecting the liver against trastuzumab 
fibrotic effects (Figure 2).

Garlic Effects on Trastuzumab Induced 
TNF-α Immunoexpression (IE) Changes 
in Hepatocytes
As depicted in Figure 3, the immunohistochemical analysis of 
the liver tissues revealed the absence of TNF-α IE in hepato
cytes of G1 and G2. In contrast, hepatocytes of G3 exhibited 
moderate TNF-α IE and weak TNF-α IE in G4 rats, indicat
ing the anti-inflammatory effects of garlic extract (Figure 3).

Figure 1 Effect of garlic extract on trastuzumab induced hepatotoxicity in rats. Liver sections from G1 (control group) and G2 (garlic-treated group) show normal hepatic 
architecture of hepatocytes (yellow star) with normal central vein (yellow arrow). Additionally, G3 (trastuzumab-treated group) reveals hydropic changes of hepatocytes 
(yellow star) with focal inflammatory cells (ICs) infiltration (red star) and congested central veins (red arrow). In contrast, G4 (trastuzumab+garlic-treated group) exhibits 
normal features of hepatic architecture, nearly similar to G1. H&E, 200x, bar =100 µm. (S) Quantitative analysis of the ICs/10 fields (HPF). nsNo significance between G1 vs 
G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).
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Garlic Effects on Trastuzumab Induced 
PCNA IE Changes in the Hepatocytes
The expression of PCNA showed a significant reduction 
in the liver of G3 rats compared to G1 and G2, indicat
ing the anti-mitotic activity of trastuzumab in G3. In 
contrast, a significant increase of PCNA in G4 compared 
to G3 indicated the mitotic effects of garlic extract 
supplemented with trastuzumab on hepatocytes of G4 
(Figure 4).

Garlic Effects on Trastuzumab-Induced 
Immunofluorescence Changes of ChK2 
and p53 in the Hepatocytes by Confocal 
Microscopy
The immunofluorescence analysis of ChK2 and p53 pro
teins were conducted under the confocal microscope, 
which revealed a significant reduction in the expression 
of Chk2 in the nuclei of G3 due to the stress generated by 
trastuzumab in G3. However, the nuclear localization of 

Figure 2 Effect of garlic extract on trastuzumab induced CF deposition in the liver tissues. Liver tissues from G1 and G2 show typical hepatic architecture of hepatocytes (yellow 
star) with normal central vein (yellow arrow) and minimal CF deposition, whereas G3 reveals hydropic changes of hepatocytes (yellow star) with marked CF deposition (red star) 
and congested central veins (red arrow). In contrast, G4 exhibits normal features of hepatic architecture, nearly similar to G1. Masson’s trichrome stain, 200x, bar =100 µm. (S) 
Quantitative analysis of CF deposition area %/10 HPF. nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).

Figure 3 Effect of garlic extract on trastuzumab-induced TNF-α changes in the liver tissues. Liver tissues of G1 and G2 show normal hepatic architecture of hepatocytes without 
TNF-α immunoexpression (IE) at the yellow stars, while the liver tissues of G3 reveal focal areas of marked TNF-α IE (red stars) in-between normal hepatocytes without TNF-α IE 
(yellow stars). In contrast, G4 exhibits normal hepatic architecture without TNF-α IE (yellow stars) and focal areas of minimal TNF-α IE (red stars). TNF-α immunostaining, 200x, 
bar =100 µm. (S) Quantitative analysis of TNF-α IE area %/10 HPF. nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).
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Chk2 was restored by garlic extract in G4. Interestingly, 
no change in the expression of p53 was observed in any 
treated groups, indicating the independent stress of p53 
(Figure 5).

Garlic Effects on Trastuzumab Induced 
Changes of Antioxidants Enzymes in the 
Liver Tissues
The data showed significant reductions of SOD2, CAT, 
and GPX1 levels in the liver tissues of G3 compared to 
G1 & G2. Noticeably, a significant increase was observed 
in G4, indicating the antioxidant effects of garlic extract 
on the liver tissues (Figure 6).

Garlic Effects on Trastuzumab 
Induced Changes of the Serum Lipid 
Profile
Figure 7 revealed significant elevations of TG, TC, and 
LDLC and reduction of HDLC in G3 rats, indicating 
the hyperlipidemic effects of trastuzumab compared to 
G1 & G2. In contrast, coadministration of garlic 
extract with trastuzumab has shown significant 
restoration of these changes, demonstrating the antihy
perlipidemic effects of garlic extract on G4 rats 
(Figure 7).

Garlic Effects on Trastuzumab Induced 
Changes of the Serum Liver Function 
Tests (LFTs)
As depicted in Figure 8, significant elevations in the ALT, 
AST, and ALP serum levels were measured in G3 after 
trastuzumab administration. In contrast, garlic administra
tion in G4 resulted in remarkable reductions in these levels 
towards the average values.

Garlic Effects on Trastuzumab Induced 
Changes of Cellular ROS Levels by Flow 
Cytometry
The detected data by mean fluorescence index (MFI) of 
DCFDA revealed a significant increase in the cellular ROS 
analysis of G3 hepatocytes (14433.3 MFI). The MFI in G1 
and G2 was 2716.7 and 2506.9 MFI, respectively, while it 
was 7226.5 MFI in G4 rats after garlic supplementation. 
The ROS changes validated the antioxidant effects of 
garlic extract on the liver tissues (Figure 9).

Discussion
Generally, trastuzumab administration once a week is con
sidered a highly safe regimen, which increases the overall 
survival rate in patients with HER-2 positive breast 
cancer.26 Nevertheless, few cases of hepatotoxicity have 
been reported, and its toxicity is not related to the dose or 

Figure 4 Effect of garlic extract on trastuzumab-induced PCNA expression in the liver tissues. Liver tissues of G1 and G2 show normal hepatic architecture of 
hepatocytes (yellow stars) and some hepatocytes with obvious PCNA IE of mitotic brown nuclei (red stars). In contrast, the liver tissues of G3 shows hepatocytes 
without PCNA IE (yellow stars) and G4 exhibits normal hepatic architecture (yellow stars) with PCNA IE of brown nuclei in some hepatocytes (red stars). PCNA 
immunostaining, 200x, bar =100 µm. (S) Quantitative analysis of PCNA IE area %/10 HPF. nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs 
G3, and G3 vs G4 (p<0.001).
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duration of trastuzumab therapy.4 Hepatitis is a common 
global health condition characterized by liver inflamma
tion due to induced oxidative stress and membrane lipid 
peroxidation, which are the cornerstone mechanisms of 
this problem.27 Hence, there is a need to avoid hepatitis 

by using natural products such as garlic, which effectively 
prevent many diseases, including hepatitis.28,29

In the current study, we used an experimental model of 
female rats to handle easily and avoid age or sex varia
tions. This model allows us to evaluate the effects of garlic 

Figure 5 Effect of garlic extract on trastuzumab-induced Chk2 and p53 expression in the liver tissues. Immunofluorescence images from the liver tissues representing DAPI 
(blue staining), ChK2 (red staining), p53 (green staining), and their co-localization (merged images). (S) Quantitative analysis of the Chk2 nuclear expression as fluorescence 
(integrated density). nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).

Figure 6 Quantitative analysis of garlic extract effects on trastuzumab-induced changes in the antioxidant enzymes levels of the liver tissues. G3 reveals significant decreases 
in the levels of (A) superoxide dismutase (SOD2), (B) catalase (CAT), and (C) glutathione peroxidase (GPX1) compared to G1, G2, and G4 in the liver tissues. nsNo 
significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and ***Significance difference G3 vs G4 (p<0.001).
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and understand its underlying pharmacodynamic mechan
isms against trastuzumab-induced hepatotoxicity, which 
remain elusive.30 Herein, trastuzumab (10 mg/kg/week) 
was given to rats of G3 (trastuzumab-treated rats) to 
induce hepatotoxicity, while garlic (500 mg/kg/day) was 
given to evaluate its antioxidant and anti-inflammatory 
effects in rats of G4 (trastuzumab+garlic-treated rats).14 

Trastuzumab exhibits apparent HP diversities in the hepa
tic structure of G3 rats, including hepatic congestion, 
inflammation, fibrosis, and apoptosis compared to G1 

and G2 rats. The quantitative morphometric analysis 
revealed significant increases in the ICs and PCNA posi
tive cells numbers, as well as the area percentage of CF 
and TNF-α IE (indicators of hepatitis) in the hepatic tis
sues of G3 rats, indicating the enhancement of hepatic 
oxidative stress, inflammation, and apoptosis following 
trastuzumab administration. Furthermore, the quantitative 
analysis of biochemical measurements confirmed the HP, 
IHC, and morphometric results. It revealed significant low 
levels of SOD2, CAT, GPX1, and HDLC with significant 

Figure 7 Quantitative analysis of garlic extract effects on trastuzumab-induced changes in the lipid profile serum levels. The levels of triglycerides (TG), total cholesterol 
(TC), low-density lipoprotein cholesterol (LDLC), and high-density lipoprotein cholesterol (HDLC) increase significantly in the serum of G3 compared to G1, G2, and G4. 
nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).

Figure 8 Quantitative analysis of garlic extract effects on trastuzumab-induced liver enzymes changes. The serum levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP) increase significantly in the serum of G3 compared to G1, G2, and G4. nsNo significance between G1 vs G2, 
****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).
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elevations in the serum levels of lipid profile (TG, TC, and 
LDLC), liver enzymes (ALT, AST, and ALP), and cellular 
ROS in G3 compared to G1 and G2 rats. The findings of 
G3 are supported by a recent study, which has endorsed 
significant changes in the structure of hepatocytes and 
disturbing the levels of hyperlipidemic status and liver 
enzymes (as crucial indicators of hepatocyte damage) in 
rats treated with trastuzumab.31

Although the underlying mechanisms of induced hepa
titis in trastuzumab-treated animals have not yet been 
sufficiently elucidated, disruption of the HER2 signaling 
cascade is thought to play a role in trastuzumab-induced 
hepatotoxicity. In such circumstances, the actual mechan
isms of trastuzumab-induced hepatitis could be explained 
by numerous reports, which involve enhancing oxidative 
stress, lipid peroxidation, overproduction of free radicals, 
and inflammation of hepatocytes through the induction 
of cell membrane injury and endorsement of 
hepatotoxicity.32–34 Indeed, the normal metabolism of fat 
prevents oxidative stress of the liver and provides ATP to 
the body; however, intake of trastuzumab can initiate dis
orders of fatty acid metabolism and induce liver injury.35 

Furthermore, other studies attributed the features of hepa
totoxicity (ICI, hepatic fibrosis, and apoptosis) to the 

expression of proinflammatory cytokines such as TNF-α, 
which plays a vital role in the development of hepatotoxi
city and elevates the levels of produced hepatic enzymes 
(ALT, AST, and ALP) above the average ranges. 
Trastuzumab exerts its destructive effects on hepatocytes 
by enhancing free radicals production, which destroys the 
lipids and proteins of cell membranes, impairs their cell 
functions, and causes cell death of hepatocytes.36,37 In 
addition, the tumor suppressor proteins ChK2 and P53 
can regulate the mitotic activity of hepatocytes. ChK2 is 
a novel nuclear DNA biomarker that can arrest the cell 
cycle in prophase by activating the tumor suppressor pro
tein p53, enhancing the pro-apoptotic caspase-3, disorga
nizing the centrosomes, and inducing apoptosis.38 ChK2 
exerts various functions such as regulating cell-cycle 
checkpoints or apoptosis through the p53 dependent or 
independent mechanism.39,40 Our data revealed reduced 
nuclear expression of ChK2 following trastuzumab 
induced stress through p53 independent signaling pathway 
as no change was observed in p53 in any treated groups 
(Figure 5).

Comparatively, multiple studies have proven that anti- 
inflammatory agents can decrease the levels of inflamma
tory cytokines.41,42 Therefore, treatment with garlic is 

Figure 9 Quantitative analysis of garlic extract effects on Trastuzumab-induced ROS changes in the liver tissues by flow cytometry. The levels of 2ʹ,7ʹ-dichlorofluorescein 
diacetate (DCFDA) cellular reactive oxygen species (ROS) significantly increase in G3 [14433.3 mean fluorescent index (MFI)] and significantly decrease (7126.5 MFI) in G4 
after garlic administration. nsNo significance between G1 vs G2, ****Significance difference G1, G2 vs G3, and G3 vs G4 (p<0.001).
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expected to reduce the exacerbations of hepatitis and 
improve the quality of patient’s life in numerous inflam
matory diseases.43 Garlic is a natural product with antiox
idant, anti-inflammatory, anti-apoptotic, and antimicrobial 
properties. Hence, garlic can reduce chronic inflammatory 
diseases by modulating their inflammatory and apoptotic 
signaling pathways.44

Herein, our findings in rats of G4 exhibited remarkable 
improvements in the structure of affected hepatocytes 
towards the typical architecture of liver tissues (displays 
the classical hepatic lobules with central veins and per
ipheral portal tracts), with significant (P<0.001) reduc
tions in the numbers of ICs and PCNA cells, as well as 
the area percentage of CF, and TNF-α IE. According to 
recent studies, these findings of liver injury could be 
attributed to garlic supplementation, which has numerous 
active components such as diallyl sulfide, allicin, ajoene, 
and allium. These components play a significant role 
against the induced oxidative stress, lipid peroxidation, 
inflammatory responses, and apoptotic effects of 
trastuzumab.23,45 Indeed, the substantial reductions in 
the serum levels of lipid profile and liver enzymes in G4 
rats indicated the beneficial ameliorative anti- 
inflammatory and anti-apoptotic effects of garlic on hepa
tocytes of G4 compared to G3. Thereby, the significant 
decline in the serum levels of lipid profile tests (TG, TC, 
LDLC), liver function tests (ALT, AST, and ALP), and 
DCFDA cellular levels of ROS towards the normal levels 
revealed the apparent effects of garlic administration, 
which proved the protective antioxidant and anti- 
inflammatory effects of garlic on hepatocytes of G4 com
pared to G3.

Collectively, the involved hepatoprotective mechan
isms of garlic in trastuzumab-treated rats have been sup
ported by several studies, including remarkable reductions 
in the production of proinflammatory mediators (suppres
sing the expression of proinflammatory cytokines such as 
TNF-α and nuclear factor-KB).46,47 Other recent studies 
reported that garlic could improve the liver function tests 
(ALT, AST, and ALP) through normalizing their secretions 
and upturning the HDLC serum levels towards the average 
values in numerous diseases, which provide a crucial indi
cator of its antioxidant and anti-inflammatory 
properties.15,48 Overall, the current results proved that 
garlic supplementation plays a vital role as 
a hepatoprotective agent against trastuzumab-induced 
hepatitis through its antioxidant, anti-inflammatory, and 
anti-apoptotic effects.

Conclusions
To our knowledge, this is the first study that explores the role 
of garlic in alleviating trastuzumab-induced hepatotoxicity. 
The current findings demonstrated the hepatoprotective effect 
of garlic in drug-induced toxicity in detail. The study sug
gested that garlic extract supplementation in treating breast or 
gastric cancer by trastuzumab can augment its efficacy with 
minimal toxicity. The current study also paves the way for 
future research strategies using garlic and other dietary pro
ducts as supplements to improve the therapeutic efficacy of 
chemotherapeutic drugs against various types of cancer.
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