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ABSTRACT

Liver diseases can result from various causes, such as viruses, bacteria, autoimmune disorders, or certain
medications and toxic substances. While modern medicine offers treatments for these conditions, there needs
to be more effective drugs that can protect and regenerate liver cells. Therefore, it is crucial to identify new
treatment options and liver-protective agents that are both highly efficient and safe. This study is assigned to
investigate the adverse effects of acrylamide on the liver in rats and explore whether these effects can be
mitigated by co-administration of cinnamon oil (C.O.), rosemary oil (R.O.), or a combination of both oils
during acrylamide exposure. A total of 70 male albino rats were divided randomly into 7 groups, each group
of 10 rats, that received different treatments: control group, acrylamide-treated group (20 mg/kg b.wt), cinna-
mon oil-treated group (200 mg/kg b.wt), rosemary oil-treated group (250 mg/kg b.wt), acrylamide and cinna-
mon oil-treated group, acrylamide and rosemary oil-treated group, and acrylamide, cinnamon oil, and rose-
mary oil-treated group. These treatments were administered orally for 28 consecutive days. Blood and liver
tissue samples were gathered at the end of the study to assess the outcomes. The results revealed that cinnamon
oil and rosemary oils exhibited hepatoprotective effects, as evidenced by normalized liver function parameters
(alanine transaminase, Aspartate transaminase, and Alkaline phosphatase), as well as improvements in non-
enzymatic parameters (total protein, albumin, cholesterol, triglyceride, low-density lipoprotein, and high-den-
sity lipoprotein). The observed hepatoprotection of cinnamon oil and rosemary oils was attributed to their
ability to reduce oxidative stress caused by acrylamide, as demonstrated by lower levels of liver cell lipid
peroxidation product (malondialdehyde) and enhanced activity of antioxidative enzymes (glutathione and cat-
alase) in liver tissue.
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INTRODUCTION

Acrylamide is a compound that dissolves in water and is extensively utilized in various fields, including dye
production, soil coagulation, wastewater treatment, paper packaging, and laboratory applications !. This com-
pound is not naturally present. Research has revealed that foods with high carbohydrate content, when exposed
to high temperatures during heating or frying processes, tend to contain significant levels of acrylamide 2.
Acrylamide forms when carbohydrate-rich foods like crackers, potatoes, crisps, cereals, bread, and French
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fries are grilled, fried, baked, or roasted at temperatures exceeding 120°C. This process involves the reaction
between the amino acid asparagine and a reducing sugar such as glucose >.

Acrylamide has been associated with several harmful effects in rodents, including genotoxicity, neurotoxicity,
hepatotoxicity, nephrotoxicity, carcinogenicity, and reproductive toxicity *. The International Agency for Re-
search on Cancer has classified acrylamide as a 2A substance °. From the Lauraceae family, Cinnamon is a
widely used spice in the food industry, often added to baked goods and chili sauce for flavoring purposes °. It
contains various constituents that act as food additives, providing antioxidant, anti-inflammatory, anti-cancer,
antimicrobial, and antidiabetic properties ’. From the Lamiaceae family, Rosemary is a well-known aromatic
plant used for flavoring in food processing and medicinal purposes ®. Rosemary is recognized for its potent
antioxidant properties, which help eliminate free radicals, strengthen the antioxidant system, and prevent ox-
idative stress °.

Rosemary extracts have been reported to possess hepatoprotective activity in a rat model of azathioprine-
induced toxicity and acetaminophen-induced liver damage. When administered to rats with hepatotoxicity,
cinnamon and rosemary or their combination resulted in a notable reduction in the average level of MDA and
a significant increase in hepatic GSH.” Currently, the toxic effects of acrylamide on liver tissue in animals
have been examined, along with the evaluation of the beneficial effects of cinnamon and rosemary in relieving
acrylamide-induced hepatotoxicity in adult albino rats.

MATERIALS AND METHODS

Acrylamide, a white crystalline powder obtained from Fine—Chem Limited Company with a purity of approx-
imately 98.5%, was dissolved in distilled water just before administration at a dose of 20 mg/kg body weight
10

Cinnamon and rosemary oils, sourced from El-captain Company for extracting natural oils, herbs, and cos-
metics in Cairo, Egypt, were used at 200 mg/kg body weight '! and 250 mg/kg body weight 12, respectively.
Various diagnostic kits were used for measuring levels of aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), alkaline phosphatase (ALP), total protein, albumin, triglycerides, cholesterol, HDL,
LDL, as well as oxidative stress markers including malondialdehyde (MDA), glutathione peroxidase (GSH),
and catalase (CAT) in plasma and liver tissue homogenate. These kits were obtained from BioDiagnostic
Company in Giza, Egypt.

The study utilized 70 male white albino Wistar rats of about 180-200 grams. These rats were brought from
the Center of Laboratory Animals at the Faculty of Veterinary Medicine, Benha University, Egypt. Prior to
the experiment, the rats were given one week to acclimatize. During this period, they were provided with a
standard laboratory-balanced commercial diet and had access to water ad libitum. The research adhered to the
guidelines for animal care and procedures set by the Faculty of Veterinary Medicine, Benha University, Benha,
Egypt, under number (03-03-23). The basal diet provided to the rats met their nutritional requirements for
maintenance as specified by the National Research Council and Reeves.

The acclimatized rats were divided into seven groups, each consisting of 10 rats. The groups were treated
differently according to the objective of the study '°. The treatments were as follows:

Group 1: Control group, where rats were given distilled water orally once a day for 28 consecutive days.
Group 2: Rats given acrylamide orally at a dose of 20 mg/kg body weight once daily for 28 consecutive days
to induce hepatic injury °.

Group 3: Rats given cinnamon oil orally at 200 mg/kg body weight once daily for 28 consecutive days 1°.
Group 4: Rats given rosemary oil orally at a dose of 250 mg/kg body weight once a day for 28 consecutive
days 11,

Group 5: Rats were given acrylamide (20 mg/kg body weight) and cinnamon oil (200 mg/kg) daily for 28
consecutive days.

Group 6: Rats were given acrylamide (20 mg/kg body weight) and rosemary oil (250 mg/kg) daily for 28
consecutive days.

Group 7: Rats that were given acrylamide (20 mg/kg body weight) followed by cinnamon oil (200 mg/kg body
weight) and then rosemary oil (250 mg/kg body weight) once a day for 28 consecutive days.
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Sampling

At the end of the 28-day treatment period, all rats were euthanized. Blood and liver samples were collected to
conduct biochemical and histopathological examinations.

Blood samples were obtained from 10 rats in each group after 28 days of treatment by puncturing the retro-
orbital plexus, which is located at the inner corner of the eye. Capillary tubes were used to collect the blood
samples and immediately placed in plain sampling tubes. The samples were then centrifuged at 1200 g for 10
minutes to separate the clear plasma, which was transferred into Eppendorf tubes using automatic pipettes.
The plasma samples were stored at -20 °C for further analysis.

Tissue specimens

The liver underwent an examination and rinsing process using a standard saline solution to remove traces of
blood, fat, and connective tissue. Liver samples of approximately 1 gram were carefully collected from each
group of 10 rats and placed into secure and labeled Eppendorf tubes. These samples were blended with a pH
7.4 phosphate buffer solution and then centrifuged at a speed of 1200 g for 10 minutes. The resulting clear
liquid was carefully preserved at -20°C for further analysis of the oxidative markers in the tissues. Moreover,
additional liver tissue samples were obtained and preserved in a 10% formalin solution for histopathological
examinations following a 28-day treatment period.

Biochemical and antioxidant effects

In order to evaluate the safety of the drug, the levels of certain enzymes in blood and liver tissue homogenates
were determined. The plasma activities of AST, ALT, and ALP were measured using specialized kits and the
methods outlined by Reitman & Frankel 2 for ALT and ALT and by Haussament '* for ALP, following the
instructions provided by the manufacturer. Other biochemical parameters such as total protein, albumin, T.G.s,
HDL cholesterol, and LDL were also measured using specific spectrophotometric methods '*. Furthermore,
the oxidative and antioxidative parameters in liver homogenate were determined using specific kits for meas-
uring MDA, GSH, and Catalase through spectrophotometry ',

Histopathological examination was conducted according to Bancroft '°.

Data management and statistical analysis

The collected data were analyzed using one-way analysis of variance (ANOVA), and post hoc testing was
performed using Duncan’s test. The analysis was conducted using the Windows version of SPSS 25. The
results were presented as mean+standard error (SEM), and statistical significance was considered at P values
<0.05.

RESULTS

The results of the biochemical parameters analysis revealed that rats treated with acrylamide exhibited a sig-
nificant rise in AST, ALT, ALP, cholesterol, triglycerides, and LDL-cholesterol levels and a significant de-
crease in total protein, albumin, and HDL cholesterol levels compared to the control groups. However, the
administration of cinnamon and rosemary led to a notable improvement in these parameters, as depicted in
Tables 1 and 2. Regarding oxidative stress results (Figures 1, 2, and 3), acrylamide-treated rats demonstrated
a marked increase in MDA levels and a significant reduction in CAT and GSH levels in their liver tissues
compared to the control groups. However, the administration of cinnamon and rosemary resulted in a consid-
erable improvement in these parameters. Furthermore, a histopathological examination of the liver tissues
from the acrylamide-treated group showed changes in their structural appearance. Nevertheless, an enhance-
ment in histopathology was observed after the administration of cinnamon and rosemary, as shown in Figure
4.
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Figure 1: Effect of acrylamide, cinnamon oil and rosemary oil on hepatic MDA.

Experimental Albumin

Group ALT (U/L) AST(U/L)  ALP (U/L) (&/dL) T.P. (g/dL)
Cg‘;gg;l 23.91+1.00¢ 81.15+3.27¢  250.87+3.25° 3.80+0.11° 7.46+0.12°

. d

Acrylamide ¢ 5315 650 1610344270 389.97+4.13¢ 123011 3.6140.16¢
group

Cinnamon — »» 401 70d  §13343.17¢  258.0642.48¢ - 2=0-11 7.78+0.16°
group

Rosemary 5, 53,1380 78.6341.97¢ 258.1446.21¢ --00+0-09 7.6240.09°
group

Acrylamide

+ Cinnamon  58.57+1.99°  130.16+2.42% 356.45+3.96° 1.78+0.10¢ 5.15+0.07¢
group

Acrylamide

+ Rosemary = 54.44+1.60° 123.94+1.73% 326.02+4.88° 2.33+0.07° 6.08+0.13¢
group

Acrylamide 10 o001 26c 104.5042.06° 289.9044.37¢  3.00+0.03" 6.70£0.10°
+ Mix group

Data are presented as (Mean + S.E.). S.E. = Standard error.
Mean values with different superscript letters in the same column significantly differ at (P<0.05).
Table 1: Effect of acrylamide, cinnamon, and rosemary oil on serum ALT, AST, ALP, Albumin, and T.P.
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Figure 2: Effect of acrylamide, cinnamon oil and rosemary oil on Hepatic catalase activity.

Experimental Cholesterol Triglycerides
Group (me/dL) (me/dL) HDL (mg/dL) LDL (mg/dL)
Control group ~ 97.69+1.06° 157.23+2.56¢ 36.07+1.77° 30.18+1.15°
Acrylamide 6 1141610 2007243130 23.29:1.40° 96.87+2.38°
group
Cinnamon 94.58+1.65° 156.53+1.46° 36.18+1.23° 27.09+1.64°
group
Rosemary 94.55+1.40° 155.69+1.87° 37.68+1.48" 25.73+1.96°
group
Acrylamide +
Cinnamon 144.91+£1.94° 190.94+1.68° 27.71£1.06° 79.01£2.15°
group
Acrylamide +
Rosemary  137.54+1.49° 183.2142.93¢ 31.57£1.27° 69.32+2.08°
group
Acrylamide + d d a d
. 115.9941.69 174.96+1.85 37.51£1.12 43.48+1.54
Mix group

Table (2) displays the data as Mean = S.E., where S.E. represents the standard error. The mean values in the same column
with distinct superscript letters indicate significant differences below 0.05 (P<0.05).
Table 2: Effect of acrylamide, cinnamon oil and rosemary oil on lipid profile.
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Figure 3: Effect of acrylamide, cinnamon oil and rosemary oil on Hepatic GSH.

A, |

Figure 4: Histopathological examination findings of the he[_)ati tissue.
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The histopathological examination of the hepatic tissue in the control group (A) revealed no histopathological
changes. The histological structure of the central vein and the hepatocytes around it within the lobules of the
parenchyma appeared normal. The acrylamide group showed (B) thrombosis in the lumen of the dilated central
vein and (C) associated with edema and a few inflammatory cell infiltrations in the portal area, as well as
dilatation in the portal vein as well as in the bile ducts. (D) There was focal inflammatory cell infiltration and
(E) diffuse Kupffer cell proliferation between the degenerated hepatocytes. The cinnamon group showed (F)
no histopathological alteration. The rosemary group showed (G) no histopathological alteration. The
ACR+Cin group showed (H) thrombosis in the lumen of the dilated portal vein (I) associated with focal in-
flammatory cell infiltration between the hepatocytes. The ACR+ Ros group showed (J) thrombosis in the
lumen of the dilated portal vein. ACR+Cin+Ros showed (K) thrombosis in the lumen of the dilated portal
vein.

DISCUSSION

The liver's crucial role in metabolism makes it prone to damage caused by exposure to chemicals. Chemical-
induced liver injury poses a significant health risk, often leading to acute liver failure '®. The primary reason
behind this specific liver damage is the generation of reactive oxygen species. These reactive compounds
cause oxidative stress, subsequently damaging cellular molecules. Consequently, oxidative stress is a well-
established contributor to the onset of diverse liver diseases !’

Oxidative stress plays a significant role in the process of tissue damage. It occurs due to an imbalance between
the production of reactive oxygen species and the body's ability to neutralize or counteract their harmful effects
18

The use of natural antioxidant products has been rapidly growing globally, owing to their proven efficacy and
safety. These products are increasingly employed in treating various liver ailments, reflecting their rising pop-
ularity in the medical field °.

Acrylamide is a byproduct formed when starchy foods like potatoes and bread are cooked at high temperatures
above 120°C, such as frying or baking. Acrylamide harms living organisms, including genotoxic, neurotoxic,
carcinogenic, nephrotoxic, and hepatotoxic '°.

The production of free radicals by acrylamide leads to liver damage. Free radicals are highly reactive and can
severely damage cell membranes, nucleic acid, and proteins 2°.

Abdel-Daim found that acrylamide has dangerous effects on liver and kidney tissues by increasing the occur-
rence of lipid peroxidation and altering antioxidant enzyme systems. The significant increase in lipid peroxi-
dation in the liver and kidney can affect the oxidative stress levels in an organism 2'.

In this study, we provided evidence that co-treatment with cinnamon and rosemary can improve liver function,
histology, and oxidative stress caused by acrylamide exposure. This study showed that oral administration of
acrylamide at a dose of 20 mg/kg body weight for four weeks led to a significant increase in liver enzymes
and cholesterol, triglycerides, and hepatic MDA levels. There was also a significant decrease in albumin, T.P.,
HDL, and hepatic CAT and GSH levels compared to other groups.

These findings align with a previous study by Erfan 22, who reported elevated levels of liver enzymes ALT
and AST and evident histopathological liver injury in the group treated with acrylamide.

The current study showed that the acrylamide-treated group had significantly higher levels of MDA in liver
tissue, indicating severe oxidative damage. These findings are consistent with previous studies > that also
observed increased levels of AST and ALT due to acrylamide administration.

A study conducted by Elhelaly 2* found that oral administration of acrylamide significantly increased levels
of ALT and AST, damaging tissue membranes. Acrylamide impaired the viability of hepatic tissue and caused
acute toxic damage over time. They also indicated that acrylamide oral administration significantly increased
MDA levels and decreased GPX and SOD levels. 2
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The present study demonstrated a significant increase in total cholesterol (T.C.) and triglycerides (T.G.); this
comes in agreement with Akram?* who reported that low doses of acrylamide caused elevated T.C. and T.G.
levels compared to the control group due to lipid peroxidation.

On the other hand, co-treatment with rosemary extract reduced elevated levels of ALT, AST, and ALP in the
serum and improved the oxidant-antioxidant status, as seen by decreased MDA levels and increased GSH
levels 2% %,

These results align with the findings of Samaha 2°, who reported that carnosic acid prevented liver damage
and disturbances in lipid metabolism, leading to decreased levels of ALT, AST, and ALP in the serum.

In another study conducted by Raskovic et al. 27, it was observed that liver injury led to increased levels of
AST and ALT enzymes due to hepatocyte damage and leakage. However, treatment with rosemary was found
to mitigate these effects, as indicated by the reduction in elevated MDA levels, which signify oxidative dam-
age to cell membranes. The researchers concluded that adding rosemary supplements partially restored the
altered biochemical parameters and significantly reversed markers associated with oxidative stress in experi-
mental models of liver injury.

A study done by Zhao et al. 2 discovered that adding Rosemary to the diet of mice fed a high-fat diet resulted
in significant reductions in body weight gain, fat percentage, plasma ALT, triglycerides, free fatty acids, and
levels of MDA in the liver and plasma. Furthermore, Rosemary improved liver histology and function, as
indicated by a significant decrease in serum levels of ALT and AST, which are markers of liver injury.
Oxidative stress is countered by the complex antioxidant system in mammals. MDA, a byproduct of lipid
peroxidation, indicates the level of oxidative damage in the liver tissue.

Cinnamon, a perennial tropical herb from the Lauraceae family, contains essential oil, cinnamaldehyde, cin-
namic acid, and cinnamate. Its medicinal properties, including antioxidant, antidiabetic, anti-inflammatory,
cardiovascular, anti-cancer, and lipid-lowering effects, make it helpful in treating inflammatory conditions.
Cinnamon can reduce organ damage by alleviating oxidative stress 2. Moreover, cinnamon has protective
properties that guard against liver abnormalities in rats.

The current study showed a significant decrease in average ALT and AST levels and a slight reduction in T.C.
and T.G. in the liver of rats treated with cinnamon, rosemary, or both. These findings align with Ismail et al.
39 who observed significant decreases in ALT and AST, triglycerides, and cholesterol levels in rats with liver
damage upon cinnamon administration.

Shalaby and Saifan 3! discovered that the use of cinnamon aqueous extract in diabetic obese rats resulted in a
reduction in lipid levels, and it induced liver protection owing to its antioxidant properties. The hepatoprotec-
tive effect of cinnamon extract aids in accelerating the recovery and growth of liver cells by promoting the
synthesis of proteins. It stimulates the enzyme RNA polymerase 1, which increases ribosomal protein produc-
tion and facilitates the regeneration of damaged hepatocytes 2.

The consumption of cinnamon in the diet inhibits the activity of hydroxy-3-methylglutaryl-coenzyme A
[HMG Co-A] reductase in the liver, which leads to a decrease in lipids and improved lipid peroxidation. This
is achieved by enhancing the functioning of lipid antioxidant enzymes. Additionally, cinnamon helps in the
expression of the LDL-R gene, which contributes to its lipid-lowering effects 3.

Pre-treatment with 200mg/kg/day of cinnamon aqueous extract for 14 days before administering a single toxic
dose of acetaminophen significantly reduced the elevated level of ALT and AST levels 4. This provides evi-
dence for the hepatoprotective nature of cinnamon and its capability to repair liver damage. The positive ef-
fects of cinnamon on liver damage may be attributed to its ability to enhance the antioxidant defense system,
scavenge reactive oxygen species, and inhibit lipid peroxidation.

Studies have revealed that cinnamon oil benefits liver toxicity, lipid oxidation, inflammation (specifically IL-
1B, IL-6), DNA fragmentation, and histopathological alterations caused by acetaminophen *. The potential
protective effects of cinnamon can be attributed to its polyphenols and flavonoids, which act as scavengers
for reactive oxygen and nitrogen species, chelators for redox-active transition metals, and modulators of en-
zymes.

Shatwan et al. ¢ observed that cinnamon and ginger decreased the high levels of total cholesterol (T.C.) and
triglycerides (T.G.) in men and rats.
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The demonstrations by Hindawy and Hendawy 37 were biochemical and histopathological alterations caused
by acrylamide on rat livers, and the administration of the potent antioxidant lycopene effectively treated the
oxidative damage.

The research by Gawesh et al. *® discovered that cinnamon administration to rats with liver toxicity signifi-
cantly reduced the levels of alanine transaminase (ALT), aspartate transaminase (AST), malondialdehyde
(MDA), and tumor necrosis factor (TNF), while simultaneously increasing the levels of superoxide dismutase,
glutathione peroxidase, and total antioxidant capacity. They also concluded that cinnamon and ginger are
protective against abnormalities in rats with liver toxicity.

In this study, administering cinnamon and rosemary, individually or in combination, to rats with liver toxicity
resulted in a significant reduction in MDA levels and a significant elevation in hepatic glutathione (GSH).
These findings align with Qin et al. 3°, who reported that cinnamon extract supplementation decreased tumor
necrosis factor Alpha (TNF-a) and MDA. Dehghan et al. *° asserted that cinnamon administration led to a
significant reduction in MDA and TNF levels, along with increased TAC and SOD, attributed to its ability to
scavenge free radicals and its high phenol content.

CONCLUSIONS

Our findings provide clear biochemical and histopathological evidence that the administration of cinnamon
and/or rosemary oils to acrylamide-treated rats significantly decreased serum levels of AST and ALT and
efficiently reduced hepatic MDA levels; they also increased GSH and CAT activity in liver tissue. Cinnamon
and/or rosemary oils treatment mitigated liver damage associated with acrylamide treatment, attributed to their
potent antioxidant activities. We highly recommend using cinnamon and rosemary oils with people with high
frequency of exposure to acrylamide.
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