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Abstract: Gum Arabic (GA) is known exudative polysaccharide from gum acacia trees
and has been used as an antioxidant, to protect the liver, kidney and heart against different
toxicants. The current study was undertaken to estimate the effect of GA on the
inflammatory factors, hepatocytes apoptosis and antioxidant status, of rats suffering from
hepatotoxicity caused by Carbon Tetrachloride (CCl,). Four experimental groups (n=8)
were established. Group A used as a control and received basal diets only. Groups (B & D)
received basal diets containing GA (5%). Groups (C & D) were injected with CCl,, to
induce hepatotoxicity in rats twice a week, for 3 weeks. GA is found to improve the amount
Quick Response Code of total protein (TP) in the serum, and the activities of glutathione peroxidase (GSH-Px),
] total antioxidant capacity (T-AOC) and superoxide dismutase (SOD). In addition, hepatic
expression of glutathione peroxidasel (GPX1) and superoxide dismutasel (SOD1), were
also increased, while effectively decreased the tissue levels of lipid peroxidation (MDA),
serum amount of alanine amino transferase (ALT) and aspartate amino transferase (AST).
Moreover, GA down-regulate the expression levels of hepatic caspase3, IL-p1, IL-6 and
TNF-a genes that were increasing in CClyonly treated group. Histopathological evaluation
of the liver in rats treated only by CCl, revealed cellular necrosis, fatty degeneration with
inflammatory changes, however, GA revealed a noticeable amelioration of the severity of
these changes. Dietary administration of GA has a beneficial result on the hepatic apoptosis,
oxidative stress and inflammatory response in experimentally- induced hepatotoxicity in
rats.
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peroxidation and hepatocytes apoptosis associated with

INTRODUCTION free radical production [5, 7].

The liver has a noticeable function in the
control of biological processes and homeostasis of the
body. It participates in a set of vital functions such as
metabolism, storage, secretion, reproduction, and most
biochemical pathways. Additionally, detoxification of
multiple xenobiotic, chemicals and drugs [1, 2]. Liver
disorders are a part of the main threats to public health
worldwide [3]. They can be divided into acute or

Many natural products are known to show vital
functions in the control and management of liver
conditions. They act as a natural antioxidant with higher
efficiency and lower toxicity than synthetics
antioxidants in the prevention of liver disorders [8, 6].

Gum Arabic(GA) is the oldest and well-

chronic inflammatory conditions and non-inflammatory
conditions such as fibrosis, cirrhosis, and apoptosis [4,
3]. The liver may be adversely affected by drugs like
sulphonamides, tetracycline, and chemicals such as
CCl,. CCl, is utilized as hepatotoxin in various
researches to investigate the hepato-protective effects of
natural products and plants [5, 6]. Various experimental
studies have shown that administration of CCl, lead to
hepatic damage as well as protecting the lipid

known dried gummy exudate and branched-chain, a
complex polysaccharide from the branches and stems of
Acacia senegal and A. seyal. These trees develop
largely across sub-Saharan Africa, especially in Sudan
[9-12]. According to FAO/WHO Joint Expert
Committee; dried exudation of GA was approved for
use as hygienic substance and food additives in many
food industries [9, 10, 12, 13]. GA is reported to has
robust anti-oxidant effects; it has been able to
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ameliorate the cardiac, renal and hepatic lipid
peroxidation and toxicity, besides its anti-inflammatory,
antimicrobial, antidiarrheal, anti-obesity  and
antihypertensive effects [9, 14, 15]. Moreover, GA has
potential hepatoprotective effect, it has been applied to
mitigate the acetaminophen-intoxication by reduction of
hepatic oxidative stress, blocking of liver macrophage
function and nitric oxide scavenging and may prevent
liver by improvement of antioxidant status [16-18]. It
has been declared to be utilized for the prevention of
liver function, histological changes, fatty liver and
antioxidant status encouraged by high fat diet, such as
trichloroacetate or CCl, [19, 10, 20, 18, 21]. Since the
effect of GA on CCl, induced hepatocytes apoptosis
and inflammation still not well understood. Thus, the
current study was carryout to detect whether GA mixed
diet prevents the liver from CCl, induced apoptosis and
inflammation in Wistar rats.

MATERIALS AND METHODS
Chemicals and Reagents

The ALT, AST, TP, SOD, MDA, T-AOC, and
GSH-Px, kits, were available from Jiancheng
Biotechnology Institute (Nanjing, China). CCl, was
acquired from Shoude Institute (Nanjing, China). GA
(SUPERGUM™ EM 10) was obtained from San-Ei
Gen FFI Inc, Japan. Primary monoclonal antibodies for
caspase3 and IL-Bl were obtained from Abcam
(Cambridge, U.K.).

Experimental Animals and Treatment

Thirty two Wistar strain rats weighing between
200 — 210g and 10 to 12 week’s age were available
from the Centre of Laboratory Animals, Yangzhou
University (Yangzhou, China). The rats were
distributed equally into four groups; A, B, C & D (n=8).
All rats were housed under controlled light, humidity
and temperature. All rats were received a normal diet
(ECWA feed, Jos) and water and acclimatized for 1
week prior to use. The dose of GA was mixed with a
balanced diet to improve a novel experimental diet.
Rats in group A administered olive oil (2 ml kg, i.p.)
twice weekly for 3 weeks. B and D groups were
subjected GA (SUPERGUM™ EM 10) at a
concentration of 5% of the normal diet [11]. Groups C
and D were administered CCl, (2 ml kg™, i.p.) after
mixed with Olive oil (1:1) twice weekly for 3 weeks
[22]. After 3 weeks, rats were kept for 12 h fasting and
anesthetized randomly. Blood samples were collected

for serum biochemistry and liver specimens were
harvested and stored at —-80 °C for molecular,
antioxidant and histopathological analysis.

Biochemical Analysis

The concentrations of AST, ALT and TP were
estimated using an automated chemistry analyser (BS-
300, Mindray Medical International Limited), according
to the guidelines of commercial kits. The MDA, SOD,
GSH-Px, and T-AOC, activities were detected from 200
mL homogenized liver tissue after processed according
to the advices of the commercial Kits.

Histopathology Examination

Liver specimens immediately fixedin 10%
formaldehyde solution and were processed and cut into
4 um thickness, then stained with haematoxylin and
eosin (H&E) as described in [23].

Immunohistochemistry Analysis

Immunohistochemical ~ examination  were
conducted on Paraffin embedding sections of liver by
using mouse monoclonal antibodies against caspase3 as
described previously [24].

Immunofluorescence Evaluation

For immunofluorescence examination, the liver sections
were cut into 4 pm and processed using primary mouse
monoclonal antibody against IL-B1 and determined
according to our previous publications [24].

mMRNA isolation and quantitative real-time PCR
determination

Total RNA was isolated from 50 mg liver
tissue by TRIzol (Invitrogen, Carlsbad, CA, USA)
exaction kit, following the kit’s instructions.
Complementary DNA (cDNA) was performed using
Reverse transcription (RT) with PrimeScript RT Master
Mix Perfect Real Time (Takara Co., Otsu, Japan),
according to manufacturer’s instruction. The RT-PCR
analysis was performed with ABI Prism 7300 Detection
System (Applied Biosystems, USA). SYBR Green
(Takara Co., Otsu, Japan) was used for amplification of
all cDNA samples. The primer sequences were
designed online by Primer-Blast of NCBI and listed in
Table-1. mRNA was performed for GPX1, SOD1, IL-
Bl, IL-6 and TNF-o by using the AA®T method.
GAPDH is used as housekeeping gene. All samples
were analysed in triplicate.

Table-1: Primers for Quantitative real-time PCR

Target genes | Sense primer(5'— 3') Antisense primer (5' —3')

GPX1 ACAGGCCGAATCTTTCTGGG | ATTTTGCTCTCCTGCTGCCT
SOD1 TGGAGATGACCACCAAACGG | AAGACCTCCTTTGGCACCTG
TNF-a ACGGAATCAGTGCCTGAAGA | TGTCTGGTCCTCTTGTTGCC
IL-6 CTCCTCTGGGGATCGCTGT CTCCCAGTTGGCGTTGTAGT
IL-B1 CAGAAGTACCTGAGCTCGCC | AGATTCGTAGCTGGATGCCG
GAPDH GAAGGTCGGAGTCAACGGAT | CCCGTTCTCAGCCATGTAGT
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Statistical Analysis

Data analyses were performed by using SPSS
Statistics 19 for Windows. Each group consisted of 8
animals. The statistical significance and differences
between groups were determined by using analysis of
variance (ANOVA) and Duncan’s contrasts that
expressed as means = SEM.

Ethical Approval

The animals’ experiment in this study was
approved by the Animal Care Committee for laboratory
animal experiments of Nanjing Agricultural University
(Certification No.: SYXK (Su) 2011-0036). And with
“Principles of Laboratory Animal Care and Use in
Research” State Council of China, 1988.

RESULTS
Effect of GA on Serum TP and Liver Markers

The activities of AST and ALT are used as
enzymatic markers for assessment of liver injury. The
serum activity of AST was substantially (P=0.000)
elevated in the rat treated only by CCl, treatment group
opposed to the control rats. Gum  Arabic
supplementation during CCl, treatment suggestively
lowered (P=0.000) the serum level of AST as compared
with those of CCl,-treated animals (Fig-1B). Serum
activity of ALT substantially (P=0.000) elevated in the
CCl, treatment animals opposed to the control animals.
Gum Arabic administration during CCl-treatment
significantly lowered (P=.000) the serum activity of
ALT opposed to those of CCl,-treated animals (Fig-
1A). The serum amount of TP was considerably
(P=0.009) declined in the CCl,- treatment rats opposed
to those of control rats. GA plus CCl, administration
obviously increased (P=.031) the amount of TP as
compared with rats treated with CCl, alone (Fig-1C).
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Fig-1: Effect of Gum Arabic on CCl, caused alterations in the serum total protein and liver enzymes of different groups. (A)
alanine aminotransferase; (B) aspartate aminotransferase; and (C) total protein. Data were presented as mean + SEM (n=8).
Columns with different letters differ significantly

Effect of Gum Arabic on histological assessment of
hepatic necrosis and inflammation

Histopathological examination of the liver
revealed severe cellular necrosis, with extensive
inflammatory cells infiltration and hepatocytes

vacuolization or fatty degeneration in the rats treated
only by CCl, (Fig-2C) opposed to the GA or normal rat
liver tissue section (Fig 2A & B). Rats treated with GA
plus CCl, lowered this morphological damage (Fig-2D).
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Fig-2: Haematoxylin and eosin stained sections of liver (Scale bar = 50 pm). (A) control group, (B) Gum Arabic group, (C)
CCl4 group, (D) CCl4+ Gum Arabic group

Effect of Gum Arabic on T-AOC, lipid peroxidation
and antioxidant enzymes

Total antioxidant capacity and enzymes play
an essential role in the defence system against free
radicals. As shown in Fig. 3A, levels of T-AOC
significantly (P=0.000) lowered in the rats only treated
with CCl, opposed to the control rats, while GA + CCly,
increased (P=0.033) the T-AOC production opposed to
the rats treated only by CCl, (Fig 3A a). The levels of
SOD significantly (P=0.002) lower in the rats treated
only by CCl, opposed to the control rats, while GA plus
CCly, increased (P=0.003) the SOD activity opposed to
rat treated only by CCl, (Fig. 3A c). The levels of GSH-
Px significantly (P=0.000) reduced in the rats treated
only by CCl, when compared to the control rats, while
GA plus CCly, increased (P=0.002) the GSH-Px activity
opposed to CCl, alone treated rats (Fig 3A b). Rat
treated with CCl, alone significantly augmented
(P=0.000) MDA opposed to control, while GA + CCl,,
decreased (P=0.008) in MDA activity opposed to CCl,
alone treated rats (Fig 3A d). This result was supported
by normalized mRNA expression of GPX and SOD1
(Fig-3B). The CCl, alone treated rats, considerably
(P=0.000) decreased the expression levels of GPX
opposed to controls. While the expression levels of this
gene in the GA + CCl, rats were substantially increased
(P=0.000). The CCly-treated group, significantly
(P=0.000) decreased the expression levels of SOD1
opposed to controls. While the expression levels of this
gene in the GA + CCl, rats were substantially increased
(P=0.000).
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Fig-3: (A) Effects of Gum Arabic (GA) on CCl4 caused
alterations in hepatic oxidative stress markers of different
groups. (a) T-AOC; (b) GSH-PX; (c) SOD; and (d) MDA.
Data were presented as mean + SEM (n= 8). Columns with
different letters differ significantly. (B) Effects of GA on
hepatic mMRNA expression of GPX1 and SOD1 by
Quantitative real-time PCR. Data were presented as mean
+ SEM (n=8). Columns with different letters differ
significantly
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Effects of Gum Arabic on CCls-induced hepatic
inflammation

To evaluate whether GA could prevent
inflammation caused by CCl,, we investigated the
normalized mMRNA expression levels of some
inflammatory factors such as; TNF-a, IL-B1 and IL-6
genes in the hepatic tissue of rats as shown in Fig-4A.
Carbon tetrachloride alone treated rats have higher
(P=0.000) expression level of IL-B1 gene opposed to
the control rats. In contrast, the expression levels of this
gene in the GA plus CCl, group was substantially
(P=0.003) decreased opposed to CCl, alone treated rats.
The group treated only by CCl, has higher (P=0.000)
expression level of IL-6 gene opposed to the control
rats. Meanwhile, the expression level of this gene in the
GA + CCly group were substantially (P=0.000)
decreased opposed to the group treated only by CCl,.
Rats treated only by CCl,; has higher (P=0.000)
expression levels of TNF-a gene opposed to the control
rats, while the expression levels of this gene in the GA
plus CCl, group was considerably (P=0.011) decreased
opposed to the group treated only by CCl,. This result
was further supported by immunofluorescence staining
of IL-B1 as shown in Figure 4B. Immunofluorescence
examination showed red signals indicating IL-B1 was
existing obviously in the cytoplasm with a little amount
in the nuclei of hepatic cells in rats only treated by CCl,
(Figure 4B; c) opposed to control rats (Figure 4B; a).
Gum Arabic and GA+CCl, groups exhibited a moderate
red staining of IL-B1 (Figure 4B; b, d).
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Fig-4: (A) Effects of Gum Arabic (GA) on the hepatic
mMRNA expression of some inflammatory factors; IL-1§,
IL-6 and TNF-a of different groups by Quantitative real-
time PCR. GAPDH served as internal control. Data were
presented as mean = SEM (n=8). Columns with different
letters differ significantly. (B) The expression of IL-1pB by

Immunofluorescence staining (scale bar =20 pm). (a)
Control group, (b) GA group, (c) CCl4 group, (d) CCl4+

GA group

Effects of Gum Arabic on CCls-induced hepatocytes
apoptosis

To evaluate whether GA could prevent
apoptosis caused by CCl,, we measured the normalized
MRNA expression levels of hepatic caspase3 as shown
in Fig-5A. Carbon tetrachloride alone treated rats have
higher (P=0.000) expression levels of caspase3 gene
opposed to the control rats. In contrast, the expression
levels of this gene in the GA plus CCl, group was
substantially (P=0.049) decreased opposed to the group
treated only by CCl, alone. This result was confirmed
by immunohistochemistry staining of caspase3 as
shown in Figure 5B. The group only treated by CCl,
showed extensive expression of caspase3 (Figure 5B;
c), compared to group treated with GA or control rats
(Figure 5B; a & b), while the GA plus CCl, group
effectively mitigated the expression of caspase3 near to
control levels.
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Fig-5: (A) Effects of Gum Arabic (GA) on CCl4-induced
hepatocytes apoptosis. MRNA expression of caspase3 by
Quantitative real-time PCR. GAPDH served as internal
control. Data were presented as mean + SEM (n=8).

Columns with different letters differ significantly. (B) The
expression of caspase3 by immunohistochemical staining
(scale bar = 20 pm). (a) Control group, (b) GA group, (c)
CCl4 group, (d) CCl4+ GA group

DiscussioN

Recent studies indicated that administration of
carbon tetrachloride (CCl,) is effectively induces
oxidative damage, increasing inflammatory cytokines
and apoptosis in experimental rats due to the production
of reactive oxygen species [25-27]. Gum Arabic (GA)
has strong antioxidant properties; therefore it could be
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one of the mechanisms of hepatoprotective [28, 10, 21].
Liver enzymes such as ALT and AST are commonly
utilized as essential indicators for evaluation of hepatic
damage. Carbon tetrachloride may increase the amount
of ALT and AST enzymes in the serum due to increased
membranous permeability and hepatocellular necrosis
[28, 29]. The administration of GA may increase the
ability of hepatocytes to defend against the hurtful
action of CCl, due to its antioxidant effects. Moreover,
CC1, administration effectively decreased total serum
protein, due to less numbers of hepatocytes able to
protein synthesis after hepatic necrosis [30, 31]. In the
present study, GA efficiently restored the total serum
protein. Furthermore, the histopathological results of
the liver from different groups of rats revealed that,
various pathological changes such as severe cellular
necrosis,  cytoplasmic  vacuolization and fatty
degeneration with extensive infiltration of inflammatory
cells due to application of CC1, while CC1, plus GA
supplementation mitigated all of these abnormalities
and confirmed its hepatoprotective and anti-
inflammatory efficacy.

The antioxidant enzymes are considered the
best essential defence system against free radicals
which involved in all types of oxidative injuries [32,
33]. A relationship between hepatotoxicity and
oxidative stress has been studied in numerous
experimental animals. In our study, intra peritoneal
administration of CCl, induced substantial reductions in
the amount of SOD, GSH-Px and T-AQOC, accompanied
with considerable increases in MDA activities that
indicated lipid peroxidation and oxidative stress injury
in hepatocytes; which may decrease the antioxidant
resistance potential [10, 14, 32]. Conversely, the
administration of GA and GA plus CCl, significantly
elevated the levels of hepatic TAOC, SOD and GSH-Px
and decreased the stages of lipid peroxidation (MDA).
Gum Arabic may support these actions by elevating the
synthesis of antioxidant compounds or by scavenging
the free radicals, then occurrence of numerous
antioxidant molecules [34, 9, 35]. In this study, we
utilized gRT-PCR to detect whether steady-state
transcription activities were changed. Supplementation
of GA plus CCl,; had substantially improved mRNA
expression levels of SOD1 and GPX1. The elevation in
SOD1 and GPX1 mRNA levels with the elevation in
their protein levels may suggest the participation of
post-translational alteration in modifying the levels of
these antioxidants enzymes [28, 36].

The level of pro-inflammatory mediators; such
as TNF-a, IL-Bland IL-6, play vital function in liver
injury and inflammation. They are produced in great
amounts by the hepatocytes endothelial cells and
Kupffer cells in response to inflammation and liver
damage caused by several chemicals including
trichloroacetate and CCl, [37, 10, 38]. Thus, in this
study, to detect the inflammatory status of the liver,
some pro-inflammatory parameters were confirmed

through measurements the expression stages of TNF-a,
IL-B1 and IL-6 by qRT-PCR or expression of IL-B1by
immunofluorescence staining, and we found that CCl,
elevated the expression of these genes while GA
supplementation to CCl,-treated rats considerably
inhibited the up regulation of these genes. The
inhibition of these pro-inflammatory cytokines and free
radicals together could suggest that GA has anti-
inflammatory properties [34, 20, 39].

The initiation of specific proteases including
caspases3 has been suggested to be an important
mechanism of apoptosis [27]. Carbon tetrachloride
could activate the hepatocyte apoptosis through
mitochondria release of pro-apoptotic proteins in
caspase-independent cell death [40, 26, 27]. Our results
indicate that CCl, elevated the expression of caspase 3
while GA supplementation to CCl,-treated rats
considerably inhibited the up-regulation of this gene.
This may reflects the anti-apoptotic effect of GA [41,
42].

Limitations and Future Perspectives

Future work is required. That includes the in
vitro experiments to evaluate the effect of GA on the
CCly-induced apoptosis in the individual hepatocytes
and the associated mechanisms.

IN CONCLUSION

Our results demonstrate that, GA has anti-
hepatotoxic effects, and this protective action may be
attributed to its ability to dropping the amount of free
radicals that decreasing lipid peroxidation and block the
oxidative stress, and its action on the extent of
hepatocellular necrosis, inflammation and hepatocytes
apoptosis.  Therefore, GA could be potential
hepatoprotective dietary agent against CCls-induced
liver inflammation and apoptosis in vivo.

ACKNOWLEDGMENTS

The authors are extremely thankful to
Professor Kehe Huang and Mrs Dandan Liu at Nanjing
Agricultural University, China for their provision to
carry out this research.

Conflict of interest: The authors declare that they have
no competing interests.

REFERENCES

1. Kim, S. B, Kang, O. H., Lee, Y. S., Han, S. H,,
Ahn, Y. S, Cha, S. W,, ... Kwon, D. Y. (2016).
Hepatoprotective effect and synergism of
bisdemethoycurcumin against MCD diet-induced
nonalcoholic fatty liver disease in mice. PloS one,
11(2), e0147745.

2. Mandal, S. C, Jana, G. K., Das, S., Sahu, R,
Venkidesh, R., & Dewanjee, S. (2008).
Hepatoprotective and antioxidant activities of

© East African Scholars Publisher, Kenya

32



Mohammed Hamid et al., EAS J Nurs Midwifery; Vol-3, Iss-1 (Jan-Feb-2021): 27-34

10.

11.

12.

13.

14.

Smilax chinensis L. root. Pharmacologyonline, 2,
529-535.

Marcellin, P., & Kutala, B. K. (2018). Liver
diseases: A major, neglected global public health
problem requiring urgent actions and large-scale
screening. Liver International, 38, 2-6.

Adewusi, E., & Afolayan, A. J. (2010). A review
of natural products with hepatoprotective activity.
Journal of Medicinal Plants Research, 4(13),
1318-1334.

Karakus, E., Karadeniz, A., Simsek, N., Can, 1.,
Kara, A. Yildirim, S, . . . Kisa, F. (2011).
Protective effect of Panax ginseng against serum
biochemical changes and apoptosis in liver of rats
treated with carbon tetrachloride (CCl4). Journal
of hazardous materials, 195, 208-213.

Mir, A., Anjum, F., Riaz, N., Igbal, H., Wahedi, H.
M., Khattak, J. Z. K., . . . Malik, S. (2010). Carbon
Tetrachloride (CCl4)-induced hepatotoxicity in
rats: Curative role of Solanum nigrum. J Med
Plant Res, 4(23), 2525-2532.

Khan, R. A., Khan, M. R., Sahreen, S., Ahmed, M.,
& Shah, N. A. (2015). Carbon tetrachloride-
induced lipid peroxidation and hyperglycemia in
rat: a novel study. Toxicology and industrial
health, 31(6), 546-553.

Lee, M.-M., Kim, H.-G., Lee, J.-S., Lee, S.-B,,
Cho, J.-H., Lee, D.-S., . . . Son, C.-G. (2020).
Synergistic hepatoprotective effects of CGplus on
CCl4-induced  acute  injury.  Journal  of
Ethnopharmacology, 249, 112441.

Ali, B. H., Ziada, A., & Blunden, G. (2009).
Biological effects of gum arabic: a review of some
recent research. Food and chemical Toxicology,
47(1), 1-8.

Ayaz, N. O., Ramadan, K. S,, Farid, H. E., &
Alnahdi, H. S. (2017). Protective role and
antioxidant activity of arabic gum against
trichloroacetate-induced toxicity in liver of male
rats. Indian Journal of Animal Research, 51(2),
303-309.

Doi, Y., Ichihara, T., Hagiwara, A., Imai, N.,
Tamano, S., Orikoshi, H., . .. Shirai, T. (2006). A
ninety-day oral toxicity study of a new type of
processed gum arabic, from Acacia tree (Acacia
senegal) exudates, in F344 rats. Food and
Chemical Toxicology, 44(4), 560-566.

Said, A. M., Atwa, S. A,, & Khalifa, O. A. (2019).
Ameliorating effect of gum arabic and lemongrass
on chronic kidney disease induced experimentally
in rats. Bulletin of the National Research Centre,
43(1), 47.

Verbeken, D., Dierckx, S., & Dewettinck, K.
(2003). Exudate gums: occurrence, production,
and applications. Applied Microbiology and
Biotechnology, 63(1), 10-21.

Elshama, S. S. (2018). The preventive role of
Arabic gum in the treatment of toxicity. Opn acc
Tox & Res, 1, 1-27.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Jaafar, N. S. (2019). Clinical effects of Arabic
gum (Acacia): A mini review. lragi Journal of
Pharmaceutical Sciences (P-ISSN: 1683-3597, E-
ISSN: 2521-3512), 28(2), 9-16.

Cindoruk, M., Kerem, M., Karakan, T., Salman, B.,
Akin, O., Alper, M., . . . Unal, S. (2007).
Peroxisome proliferators-activated alpha agonist
treatment ameliorates hepatic damage in rats with
obstructive jaundice: an experimental study. BMC
gastroenterology, 7(1), 44.

Musa, H., Fedail, J., Ahmed, A, Musa, T., &
Sifaldin, A. (2016). Effect of gum arabic on
oxidative stress markers in the liver of high fat diet
induced obesity in mice Gums and Stabilisers for
the Food Industry 18 (pp. 256-263).

Pal, R., Hooda, M. S., Bias, C. S., & Singh, J.
(2014). Hepatoprotective activity of Acacia
senegal pod against carbon tetrachloride-induced
hepatotoxicity in rats. International Journal of
Pharmaceutical Sciences, 26(1), 165.

Al-Majed, A. (2003). Oral Arabic gum
administration prevents carbon tetrachloride-

induced hepatotoxicity in mice: A possible
mechanism of protection. RESEARCH
COMMUNICATIONS IN PHARMACOLOGY

AND TOXICOLOGY, 8(1/2), 35-48.

Gamal el-din, A. M., Mostafa, A. M., Al-Shabanah,
0. A, Al-Bekairi, A. M., & Nagi, M. N. (2003).
Protective effect of arabic gum against
acetaminophen-induced hepatotoxicity in mice.
Pharmacological research, 48(6), 631-635.

Taha, A. R., Alokbi, S., & Mabrok, H. (2019).
Hepatoprotective Effect of Gum Arabic in Non-
Alcoholic Fatty Liver and Potential Modulation of
Intestinal Microbiota (FS07-07-19). Current
developments in nutrition, 3(Supplement_1),
nzz040. FS007-007-019.

Liu, Y., Liu, Q., Ye, G., Khan, A,, Liu, J., Gan,
F., . . . Huang, K. (2015). Protective effects of
selenium-enriched probiotics  on carbon
tetrachloride-induced liver fibrosis in rats. Journal
of Agricultural and Food Chemistry, 63(1), 242-
249,

Cook, H. C., & Stirling, R. (1994). Manual of
histological techniques and their diagnostic
application: Churchill Livingstone.

Hamid, M., Liu, D., Abdulrahim, Y., Khan, A,
Qian, G., & Huang, K. (2017). Inactivation of
kupffer  cells by selenizing  astragalus
polysaccharides  prevents CCl  4-induced
hepatocellular necrosis in the male Wistar rat.
Biological Trace Element Research, 179(2), 226-
236.

Pergel, A., Tiimkaya, L., Colakoglu, M., Demiral,
G., Kalcan, S., Ozdemir, A., . . . Yilmaz, A. (2019).
Effects of infliximab against carbon tetrachloride-
induced intestinal injury via lipid peroxidation and
apoptosis. Human & experimental toxicology,
38(11), 1275-1282.

© East African Scholars Publisher, Kenya

33



Mohammed Hamid et al., EAS J Nurs Midwifery; Vol-3, Iss-1 (Jan-Feb-2021): 27-34

26.

217.

28.

29.

30.

31.

32.

33.

34.

Roy, S., Sannigrahi, S., Majumdar, S., Ghosh, B.,
& Sarkar, B. (2011). Resveratrol regulates
antioxidant status, inhibits cytokine expression and
restricts apoptosis in carbon tetrachloride induced
rat hepatic injury. Oxidative Medicine and
Cellular Longevity, 2011.

Zhang, Q., Chen, K., Wu, T., & Song, H. (2019).
Swertiamarin ameliorates carbon tetrachloride-
induced hepatic apoptosis via blocking the
PI3K/Akt pathway in rats. The Korean Journal of
Physiology & Pharmacology, 23(1), 21-28.
Ahmed, A. A., Fedail, J. S., Musa, H. H., Kamboh,
A. A, Sifaldin, A. Z., & Musa, T. H. (2015). Gum
Arabic extracts protect against hepatic oxidative
stress in alloxan induced diabetes in rats.
Pathophysiology, 22(4), 189-194.

Al-Azzawie, H. F. (2011). Anti-Hepatotoxic Effect
of the Methanolic Anstatica Hierochuntica Extract
In Ccl 4-Treated Rats. Engineering and
Technology Journal, 29(2), 413-423.

Hamid, M., Liu, D., Abdulrahim, Y., Liu, Y., Qian,
G., Khan, A., . .. Huang, K. (2017). Amelioration
of CCl4-induced liver injury in rats by selenizing
Astragalus polysaccharides: role of
proinflammatory cytokines, oxidative stress and
hepatic stellate cells. Research in veterinary
science, 114, 202-211.

Shahjahan, M., Sabitha, K., Jainu, M., & Devi, C.
S. (2004). Effect of Solanum trilobatum against
carbon tetra chloride induced hepatic damage in
albino rats. Indian Journal of Medical Research,
120, 194-198.

Sharma, P., Jha, A. B., Dubey, R. S., & Pessarakli,
M. (2012). Reactive oxygen species, oxidative
damage, and antioxidative defense mechanism in
plants under stressful conditions. Journal of
botany, 2012.

Tiwari, B. K., Pandey, K. B., Abidi, A., & Rizvi, S.
I. (2013). Markers of oxidative stress during
diabetes mellitus. Journal of Biomarkers, 2013.
Ali, B. H., Al-Husseni, 1., Beegam, S., Al-Shukaili,
A., Nemmar, A., Schierling, S., . . . Schupp, N.
(2013). Effect of gum Arabic on oxidative stress
and inflammation in adenine—induced chronic
renal failure in rats. PLoS One, 8(2).

35.

36.

37.

38.

39.

40.

41.

42,

Kong, H., Yang, J., Zhang, Y., Fang, Y., Nishinari,
K., & Phillips, G. O. (2014). Synthesis and
antioxidant properties of gum arabic-stabilized
selenium nanoparticles. International Journal of
Biological Macromolecules, 65, 155-162.

Khan, A. Z., Khan, I. U, Khan, S., Afzal, S.,
Hamid, M., Tarig, M., . . . Bilal, S. (2019).
Selenium-enriched probiotics improve hepatic
protection by regulating  pro-inflammatory
cytokines and antioxidant capacity in broilers
under heat stress conditions. Journal of advanced
veterinary and animal research, 6(3), 355.
Al-Olayan, E. M., El-Khadragy, M. F., Aref, A.
M., Othman, M. S., Kassab, R. B., & Abdel
Moneim, A. E. (2014). The potential protective
effect of Physalis peruviana L. against carbon
tetrachloride-induced hepatotoxicity in rats is
mediated by suppression of oxidative stress and
downregulation of MMP-9 expression. Oxidative
medicine and cellular longevity, 2014.

Kiso, K., Ueno, S., Fukuda, M., Ichi, I., Kobayashi,
K., Sakai, T., . . . Kojo, S. (2012). The role of
Kupffer cells in carbon tetrachloride intoxication
in mice. Biological and Pharmaceutical Bulletin,
35(6), 980-983.

Kamal, E., Kaddam, L. A., Dahawi, M., Osman,
M., Salih, M. A., Alagib, A., & Saeed, A. (2018).
Gum arabic fibers decreased inflammatory
markers and disease severity score among
rheumatoid arthritis patients, Phase Il Trial.
International journal of rheumatology, 2018.
Lorenzo, H. K., & Susin, S. A. (2004).
Mitochondrial effectors in caspase-independent
cell death. FEBS letters, 557(1-3), 14-20.
Gamal-Eldeen, A., Moustafa, D., El-Daly, S., &
Katti, K. (2014). P0131 Efficacy of gum arabic-
conjugated gold nanoparticles as a photothermal
therapy for lung cancer: In vitro and in vivo
approaches. European Journal of Cancer, 50, e46.
Moustafa, D., Gamal-Eldeen, A. M., Saleh, S., &
El-Daly, S. M. (2014). The Pharmacological effect
of gum arabic on liver hyperplasia in the presence
or absence of laser beam. Int J Inno Res Dev, 3(7),
269-273.

Cite This Article: Mohammed Hamid et al (2021). Protective Effect of Gum Arabic on Liver Oxidative Stress,
Inflammation and Apoptosis Induced by CCl, in vivo. EAS J Nurs Midwifery, 3(1), 27-34.

© East African Scholars Publisher, Kenya

34



