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ABSTRACT: The liver is a vital organ that plays a key role in the detoxification of endogenous and exogenous,
current study aimed to evaluate the toxic effect of carbon tetrachloride (CCl4) on the liver structure substances, thirty-
four male Sprague Dawley rats at the age of (8-10 weeks) were used. The experiment was carried out by dividing the
animals into six groups (T1, T2, T3, T4, T5A, T5B, T5C, T6), and each group contained five animals. Liver damage
was stimulated in the groups (T1, T2, T3) synergistically between the damage-inducing substance CCl4. The amino
acid BABA is in different concentrations (100, 150, 200) for BABA for five weeks in two doses. In the fourth group,
T4, or giving it only CCl4 also twice a week for five weeks. As for the fifth group, T5, which was divided into (A, B,
and C), it was given only the amino acid BABA in different concentrations (100, 150, 200). Nine animals were placed
in this group, three animals for each group, while keeping the sixth group, T6, for control, as it was given only a
physiological solution. Levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin
and histology of the liver were evaluated. The ALT, AST and bilirubin showed high mean levels in T4 group
(132.8+28.09,138.9+6.09, 3.88+1.60), respectively. while showed low level in T5C group (93.7+5.03,68.9+5.52,
2.12+0.93) and control group (91.2+4.87 ,70.1+3.15, 0.91+0.46), respectively. A section of the liver of group (T4)
rats treated with carbon tetrachloride, showed the pathological anatomical shapes of the hepatic lobules showed severe
congestion in the portal vein, and a noticeable disorder in the hepatic cord characterized by severe fatty degeneration
of the liver cells with Atrophy, congestion and congestion of central veins, portal vessels and normal liver cells. The
current study concluded the relationship between the increase in liver enzyme in the case of treatment with CCI4 and
its decrease in treatment with the amino acid BABA. High dosages of CCl4 exhibited liver function impairment due
to heightened levels of enzymatic biomarkers, specifically ALT and AST, which correlate with the extent of liver
damage and dysfunction.
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1. INTRODUCTION

Carbon tetrachloride (CCI4) is a well-known hepatotoxic agent that induces rapid liver damage, advancing from
steatosis to centrilobular necrosis. The prolonged dose of CCl4 induces chronic liver damage and is a well-established
paradigm for inducing hepatic fibrosis (1). CCl4 is recognized for its ability to generate reactive oxygen species, deplete
glutathione in phase Il enzymes, and diminish antioxidant enzymes and substrates, inducing oxidative stress, a significant
contributor to both acute and chronic liver injury (2).

The liver injury caused by CCIl4 results from free radicals and lipid peroxidation, leading to hepatic cell
destruction. CCl4 necessitates bioactivation via the phase | cytochrome P450 system in the liver to generate the reactive
trichloromethyl radical (CCle3) and the proxy trichloromethyl radical (*OOCCI3). Free radicals can interact with
polyunsaturated fatty acids (PUFAs) to form alkoxy (Re) and peroxy radicals (ROO¢), which then lead to the production
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of lipid peroxides, inflict damage on cell membranes, alter enzyme performance, and ultimately result in hepatic injury
or necrosis (3).

The liver is a vital organ that plays a crucial role in metabolic balance. It possesses remarkable regenerating
capacity following hepatic mass reduction (4). Iredale et al. (5) classified liver fibrosis as a pathological state marked by
excessive collagen deposition and other extracellular matrix components. The authors noted that liver fibrosis was first
deemed progressive and irreversible; however, numerous clinical investigations have demonstrated that it can be reversed
if the underlying causes are effectively eliminated or if patients receive appropriate treatment.

B-amino butyric acid (BABA) is one of the rare free compounds found in nature, It is a non-protein amino acid
that has been shown to have protective effects and enhance the body's cell defenses against infection (6, 7). The impact
of BABA on animal cells has been recently discussed. In one study including healthy male Sprague Dawley mice, it was
observed to alter blood parameters and immune function. Research indicates that BABA facilitates wound healing and
diminishes inflammation. Furthermore, BABA induces B cells to produce 1gG and IgM antibodies, which then activate
the complement system and enhance the interaction between innate and adaptive immunity (8). In contrast, the adaptive
immune response functions over an extended timeframe and is influenced by prior encounters. It exhibits high specificity
at the molecular level, frequently directed towards a specific microbial species, thanks to antigen-specific receptors
formed through somatic DNA recombination within lymphoid clones. Therefore, the current study aimed to evaluate the
toxic effect of carbon tetrachloride (CCl4) on the structural materials of the liver, and to study the protective effect of
BABA on damaged tissues.

2. MATERIALS AND METHODS

2.1 Chemicals
Beta aminobutyric acid (BABA) (Germany) and CCl4 (UK) were used in the study.

2.2 Laboratory analyses
2.2.1 Blood sample collection

This experiment was carried out using 34 male Sprague Dawley rats weighing between (130-150) g and aged between
(8) weeks were purchased from the animal house at the Iraqi Center for Medical Cancer Research at Al-Mustansiriya
University - Baghdad - at the age of (8-10 weeks). All rats were in good health, with weights ranging from 140 to 160
grams, and they were placed in The animal laboratory of the College of Education for Girls, Anbar University, and
laboratory animals were placed inside plastic cages with covers. Special metal mesh for raising rats. The laboratory
conditions were suitable for living, and the temperature was set at 25 °C, and the duration of ventilation and lighting was
adjusted day/night. The animals remained for 12 days before the start of the experiment, which was conducted during the
month of June, and the animals were fed using a special diet. After ensuring that the animals were anesthetized, the blood
samples were obtained from the abdominal aorta and stored in sterile tubes containing an anticoagulant (K3-EDTA), In
order to examine the hematological parameters

2.3 Distribution of animal’s groups

The experiment was carried out by dividing the animals into six groups (T1, T2, T3, T4, TS5A, T5B, T5C, T6), and
each group contained five animals. Liver damage was stimulated in the groups (T1, T2, T3) in a synergistic manner
between the damage-inducing substance CCls. And the amino acid BABA in different concentrations (100, 150, 200) for
BABA for five weeks in two doses. In the fourth group, T4, or giving it only CCly also twice a week for five weeks. As
for the fifth group, TS5, which was divided into (A, B, and C), it was given only the amino acid BABA in different
concentrations (100, 150, 200). Nine animals were placed in this group, three animals for each group, while keeping the
sixth group, T6, for control, as it was given only a physiological solution. It was left as a control for liver damage. The
groups were divided as follows.

First group, T1, was injected with CCly to stimulate liver damage at a concentration of 0.8 and BABA at a
concentration of 100 mg/kg. The weights of the animals in this group were all 140 grams per animal.
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Second group, T2, was injected with CCI4 at a concentration of 0.8 and BABA at a concentration of 150 mg/kg, noting
that the weights of the animals in this group were 140 grams for each animal.

Third group, T3, was injected with CCl4 to stimulate liver damage at a concentration of 0.8 and BABA at a concentration
of 150 mg/kg, as the weights of this group were 140 grams for each animal.

Fourth group, T4. This group was injected only with CCl4 to stimulate liver damage, at a concentration of 0.8 mg/kg,
as the weights of this group were 150 grams per animal.

Fifth group, TS5, is the negative control group, which was divided into three groups with different concentrations of the
amino acid BABA, as follows:

Fifth group, TSA. This group was injected with BABA at a concentration of 100 mg/kg, and the weight of this group
was 140 grams for each animal.

Fifth group, T5B. This group was injected with BABA at a concentration of 150 mg/kg, as the weights of this group
were 145 grams for each animal.

Fifth group, T5C, was injected with BABA at a concentration of 200 mg/kg, as the weights of this group were 150 grams
for each animal.

Sixth group, T6. This group was left to the positive control, where NORMAL SALINE was injected with two injections
per week, 1mL for each animal, and the weights of this group were 160 for each animal.

2.4 Biochemical analysis
2.4.1 Measurement of serum ALT, AST and bilirubin

Blood samples were centrifuged at 3000 rpm for 5 min. Sera were collected, and the levels of ALT, AST and bilirubin
were measured using a Cobas Mira Plus CC Chemistry Analyzer (Switzerland).

2.5 Histopathological examination

After drawing blood samples, the animals were dissected directly by making an incision in the abdominal cavity from
the bottom upwards towards the heart, then the liver were removed after removing the fatty tissue and the surrounding
connective tissue, then washed with distilled water to remove the blood on them, then dried by placing them on filter
paper and weighing them. These tissue are preserved in a 10% formalin solution. Following mounting, a 5um slice of
each tissue was cut and subsequently immunostained with H&E. Two pathologists performed the histopathological
grading using a semiquantitative scale: normal = 0, mild = <25%, moderate = 25-50% and severe = >50% of affected
area (9).

2.3 Statistical Analysis

Data were presented as the mean + standard deviation (SD). Group differences were assessed using one-way analysis
of variance (ANOVA). Post hoc testing for intergroup comparisons was conducted utilizing the Least Significant
Difference (LSD) test, with a P value <0.05 being significant.

3 RESULTS AND DISCUSSION

The results showed a significant difference (P <0.05) in the studied liver parameters of injured rats. The ALT(alanine
aminotransferase), AST (aspartate aminotransferase) and bilirubin showed high mean levels in T4 group
(132.8+28.09,138.9+6.09, 3.88+1.60), respectively. while showed low level in T5C group (93.7£5.03,68.9+5.52,
2.12+0.93) and control group (91.2+4.87 ,70.1+3.15, 0.91+0.46), respectively as showed in table (1), Figures (1,2, and
3).
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Table (1): Mean levels of liver enzyme in studied rats groups

Groups ALT AST Bilirubin
i 122.2 +3.11a 108.0+3.39 b 3.10 £0.90a
T 112.3+4.57 b 102.0£2.52 b 2.58 £0.93a
i 97.0+9.92 b 93.545.08 ¢ 3.54+0.98a
i 132.8+28.09 a 138.9+6.09 2 3.88+1.60a
oA 97.7+3.21b 78.0+2.02 d 3.07+1.48a
B 99.3+2.52 b 75.0+7.09 d 2.24£1.51a
¢ 93.745.03 68.9+5.52 e 2.12+0.93a
T6(control) 91.2+4.87 70.1+3.15 ¢ 0.91+0.46b

P value 0.001** 0.001%* 0.01*
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Figure (1): Mean levels of ALT in studied rats groups
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Figure (2): Mean levels of AST in studied rats groups
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Figure (3): Mean levels of Bilirubin in studied rats groups

Correlation between liver parameters in studied rats

Table (2) showed a positive correlation between bilirubin and ALT(0.408"), bilirubin and AST(0.459™) and between
ALT and AST(0.769%*).

Table (2): Correlation between liver parameters in studied rats

Bilirubin | ALT AST
Bilirubin Pearson Correlation
Sig. (2-tailed)
Sig. (2-tailed) .001
ALT Pearson Correlation 408" --
Sig. (2-tailed) .020
AST Pearson Correlation 459" 769" -
Sig. (2-tailed) .008 <.001

Histological study of the injured rats liver induced with BABA and CCL4
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Microscopic examination of histological sections of the livers of control group animals showed that the liver is
surrounded by a liver capsule and the liver parenchyma is divided into lobules. The lobule is a hexagonal prism with a
branch of the hepatic vein located in the middle (CV) Central vein, and hepatocytes (H) form sheets that radiate towards
the periphery. In a hexagonal corner (but not in every corner) there are portal areas. The presence of sinusoids (S) and
Coover cells is also observed normally as showed in Figure (1 ).

RV E e TR e Tl W Lo
Figure 4: Section of hepatic lobule (control group) showing normal central vein (V), normal portal area (P) and
normal arrangement of hepatic cords (asterisk).H&E.400x.
Figure 2, also show a section of the liver of group (T1) rats treated with BABA + carbon tetrachloride, where the

pathological histopathological shapes of the hepatic lobules revealed a noticeable widening with congestion of the portal

vein, and the formation of many Choledochal cysts, severe hepatocyte steatosis and hypertrophic adipogenesis.
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Figure 5: Section of hepatic lobule (T1-2) showing severe hepatocyte steatosis (arrows) with adipocyte
hyperplasia (S) H&E.400x

Figure 3, showed, a section of the liver of group (T2) rats treated with beta-amino butyric acid (BABA) + carbon
tetrachloride (CCl4) showed the histopathological shapes of the liver lobules with noticeable widening with central vein

congestion, and the parenchyma of the lobules showed fatty degeneration.
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Figure 6: Section of hepatic lobule (T?) shwing heatitis with marked steatosis (S) with heptocyte-necrosis

(black arrows) with leukocyte infiltration (red arrow). H&E.400x

Figure 4, showed, a section of the liver of group (T3) rats treated with BABA + CCIl4. Histopathological figures of
the hepatic lobule revealed moderate hepatitis characterized by mild central vein dilatation, marked degeneration in the
pericentral region and areas with mild necrosis of hepatocytes which showed normal central veins and portal triad and
normal arrangement of hepatic cords which showed few degenerative and necrotic changes with little infiltration for
white blood cells.

= _ A s 2 X\ 2 " = o 2
Figure 7: Section of a hepatic lobule (T 3) showing mild hepatitis with marked fibrosis (asterisk) with mononuclear
leukocyte infiltration (arrows), and hepatocyte degeneration and necrosis (H) H&E 400x.
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Figure 5, showed a section of the liver of group (T4) rats treated with CCl4, the pathological anatomical shapes of the
hepatic lobules showed severe congestion in the portal vein, and a noticeable disorder in the hepatic cord characterized
by severe fatty degeneration of the liver cells with Atrophy, congestion and congestion of central veins, portal vessels

and normal liver cells.
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Figure 8: Section of a hepatic lobule (T4) shwing severe hepatéf:yte steatosi‘s‘.(S) with i
and congestion with mononuclear leukocyte infiltration (asterisk).H&E.400x

A section of the liver of group (T5A) rats treated with BABA, the pathological anatomical shapes of the hepatic lobules
in this group showed the normal arrangement of the hepatic cords with normal liver cells. Changes in these groups were
limited to mild congestion of the central vein and sinusoids and mild hypercellularity of Kupffer cells as showed in Figure
6.

Figure 9: Section of hepatic lobule (T5A1) showingmil sinuoidal congestion (arrow) with normal hepatocytes
(H) H&E.400x

Figure 7, showed, a section of the liver of group (T5B) rats treated with BABA. The histopathological shapes of the liver
lobules show a normal central vein with moderate peripheral and zonal cellular swelling of the liver cells.
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(H&E.400x (S).
A section of the liver of group (T5C) rats treated with BABA, the pathological anatomical shapes of the liver lobules

showed mild congestion in the central vein and the portal vein, with a normal arrangement of liver cells and similar to
histological sections. In this case, the tissue sections are largely from the control group, and this indicates that the BABA
compound has many protective effects, Figure 8.

Despite the increase in BABA concentration, the histological structure examination showed normal, and this indicates
that the doses of beta-aminobutyric acid (BABA) did not affect the histological structure of the livers of the male rats

used in the experiment.

Figure 11: Section of the hepatic lobule (T5C1) showing the normal state of hepatocytes (H) and sinusoids (S)
H&E.400x

Amino acids such as BABA can help fight many diseases and have the ability to reduce liver tissue damage (10). The
reason may be attributed to the protective effect of the beta-amino butyric acid BABA in removing toxins from the liver
and it can treat liver injury disorders, as it works to reduce fat peroxidation and restore the state of antioxidants to a
normal state (11), or the reason may be due to its synthesis and renewal of the glutathione compound, which plays a role
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in The latter plays an important role in protection against toxins caused by reactive oxygen species (12). Research has
shown that beta-aminobutyric acid plays a beneficial function in accelerating wound healing and reducing inflammation.
In addition, BABA stimulates B cells to generate Igg and IgM antibodies, which in turn activate the complement system
and facilitate communication between innate and acquired immunity (13). The BABA compound also plays its role in
protecting cells from toxicity. Carbon tetrachloride induced by trapping free radicals or increasing levels of antioxidant
enzymes (14).

The results of this study are also consistent with a study conducted by Al-Dulaimy & Jasim, (1), which used different
concentrations (100, 200, 300) mg/kg of the non-protein amino acid BABA in studying its effect on the livers of mice.
The results indicated the possibility of using BABA as an antioxidant. Vital, as the amino acid facilitated the normal
preservation of Toll-like receptor 4 levels while also stimulating and activating it, even at elevated concentrations, so
positively influencing the enhancement of immunity in the animals utilized in the investigation.

Also, recent studies have demonstrated that the amino acid has a role in increasing the number of white blood cells and
lymphocytes and increasing the production of IgG in rats treated with the amino acid BABA (15).

EL Sayed et al. (4) noted that CCI4 is recognized for its hepatotoxic effects. It was observed that it induces acute liver
injury, including necrosis and steatosis. This effect results from the generation of free radicals, which can produce lipid
peroxides that may lead to cellular membrane damage, alterations in enzymatic activity, and ultimately induce liver injury
and necrosis. Hohme et al. (16) indicated that CCI4 initially caused cell death in a pericentral ring of hepatocytes,
subsequently leading to the degradation of the distinctive microarchitecture of the hepatic lobules. UskokoviéMarkovié
et al. (17) shown that CCl4-induced liver necrosis serves as a model for experimental hepatic necrosis and cirrhosis
resulting from oxygen free radicals. The study conducted by Lindgvist et al., (18) showed that BABA intake played a
protective role against cadmium-induced lipid peroxidation and liver and kidney injury in mice. In another study
conducted by (19) it was reported that antioxidants such as BABA were effective against liver toxicity or nephrotoxicity
caused by CCIl4 and reducing oxidative stress. BABA, also known as a cell membrane antioxidant, reduces oxygen
molecules causing oxidative stress (20).

A study by Liu et al. (21) demonstrated that CCI4 is believed to initiate free radical-mediated lipid peroxidation,
resulting in the accumulation of lipid-derived oxidation products that induce liver injury and excessive collagen
deposition, ultimately leading to liver fibrosis. Several researchers have previously shown that antioxidants mitigate CCl4
toxicity, especially hepatotoxicity, by preventing lipid peroxidation, reducing ALT and AST activities, and enhancing
antioxidant enzyme activity.

The study showed high toxic effect of CCI4 on liver, this is due to its inhibition of the metabolic enzyme system in the
liver, which contains sulfhydryl groups, and the disengagement of oxidative phosphorylation in mitochondria (22).
Carbon tetrachloride also contributes to increased lipid peroxidation, DNA damage, and depletion of sulfhydryl groups.
, altered calcium balance, and liver congestion (23). This may be due to the high level of GGT, LDH, and ALP enzymes
in the serum due to the effect of beta-aminobutaric acid in damaging the cell membrane and the leakage of these enzymes
from the cytosol in the liver into the bloodstream, which gives an indication of the effect of this acid in hepatotoxic events
(24). The reason for the increase in fats such as cholesterol, LDL, and VLDL may also be due to acid, which leads to an
imbalance of antioxidants in the liver (25).

4 CONCLUSION

The current study concluded the relationship between the increase in liver enzyme in the case of treatment with CCl4
and its decrease in treatment with the amino acid BABA. At high doses of CCl4, there was an impairment of liver function
as a result of heightened levels of enzymatic biomarkers such as ALT and AST, which are related with the degree of liver
damage. Additionally, there was an impairment of liver function as a consequence of elevated biomarker levels.
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