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ABSTRACT 
The goal of the current investigation was to explore the protective impact of Arabic gum (AG) aqueous extract against the oxidative damage 
and metabolic abnormalities induced renal damage in rats subjected to chronic exposure to trichloroacetic acid (TCA) toxicity. TCA was 

administered to rats orally (50mg/kg /day) for 60 successive days.  The results showed that oral ingestion of AG extract (0.5 g/kg/day) to 

rats concomitantly with TCA exposure for 60 consecutive days, markedly ameliorated the increases in serum kidney function biomarkers 

(creatinine and urea) versus TCA treated rats. Also treatment of TCA intoxicated rats with AG extract could markedly reduce 

malondialdehyde (MDA) level and increase the concentration of reduced glutathione (GSH) with respect to TCA intoxicated ones.  In 

addition, the present result showed that oral ingestion of AG extract to rats, successfully down regulated the level of fasting serum glucose 
and lipid profile, including triglycerides (TG) total cholesterol (TC) and low density lipoprotein (LDL-C) and up-regulated the level of high 

density lipoprotein (HDL) in TCA exposed rats.  These biochemical results were confirmed by histopathological study of renal tissue. 

Conclusion: The present work may support the use of AG aqueous extract as a prophylactic agent against renal tissue damage induced by 
chronic exposure to TCA toxicity. 
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INTRODUCTION 

 

Trichloroacetic acid (TCA) is an organic acid used in the synthesis of organic chemical compounds, 

medicinal products and plastic industry [1]. It is also one of the major metabolites formed in the water during 

the process of disinfection by chlorination [2]. IARC [3] declared that TCA presents in a drinking water after 

chlorination at concentrations up to 200 mg/L. TCA is a major metabolite formed due to the occupational 

exposure to the industrial solvent, trichloroethylene [4]. 

Several studies stated that exposure to TCA caused severe toxicological impacts on the body vital organs. 

Hepato-toxicity and reno-toxicity were found to be the major toxic responses promoted by TCA in experimental 

animals [5-7]. Mather et al. [8] demonstrated that TCA can cause substantial liver and kidney damages in 

response to subchronic exposure for 90 days. In addition, previous published data revealed that acute treatment 

with TCA causes significant alterations in hematological parameters and elevation in the levels of serum heart 

and liver function markers [6, 9]. Pereira et al. [10] confirmed that treatment with TCA could promote tumor in 

the mice liver and kidney. 

Oxidative stress is one of the mechanisms induced organ damage in response to TCA toxicity [5, 11]. It was 

stated that administration of TCA to experimental animals causes a state of oxidative stress which induced by 

alteration in the antioxidant system and an increase in lipid peroxidation in animal tissues ([5, 12]. The toxic 
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effect of TCA was investigated in vitro on alpha liver (AML12) cells of experimental animals at different 

concentrations (770 and 4100 ppm) and incubation times ranging between 24 - 72 h [11].  The authors 

demonstrated that TCA toxicity promotes oxidative stress in liver cells, causing decreases in cellular viability 

and increases in superoxide anion and lipid peroxidation.  

In the absence of safe anti-toxic prophylactic drugs, natural product as an alternative medicine may have 

beneficial impacts against chemical toxicity. 

Arabic gum (AG) is edible, sticky exudates, made of hardened sap of Acacia seyal and Acacia senegal 

trees, which is rich in soluble fiber. It is used as a flavor stabilizer, an emulsifier, and a preservative in 

pharmaceutical and food industries [13]. AG is an indigestible fiber, giving short-chain fatty acids after 

fermentation in colon, resulting in a wide range of health benefits [14]. AG has an important effect on lipid 

metabolism ([13] as well as lipid lowering impact in humans [15]. Besides, some authors have found that GA 

possess hypoglycemic effects by suppressing intestinal glucose absorption by interaction with membrane 

abundance of sodium-glucose transporter 1 (SGLT1) in mice [16]. It has also other medicinal properties 

including, anti-tumor [17], anti-oxidant [18], hepatoprotective and cardioprotective impacts against hepatic and 

cardiac toxicities [13, 18]. It is used to reduce the nephrotoxicity in experimental animals against gentamicin 

[19] and cisplatin [20]. Moreover, GA has been reported to reduce oxidative stress and inflammation against 

adenine induced chronic kidney damage in rats [21] and improves the kidney functions in diabetic rat [22]. Bliss 

et al. [23] illustrated that supplementation of AG decreased serum urea nitrogen and increased fecal nitrogen 

content in chronic renal failure patients. 

This study planned to explore the protective impact of AG aqueous extract against oxidative stress, and 

metabolic disorders (hyperglycemia and hyperlipidemia) induced nephrotoxicity in rats in response to chronic 

exposure to TCA toxicity.  

   

MATERIALS AND METHODS 

 

Chemicals: 

All chemicals used in this study including trichloroacetate (TCA), were of high purity and were purchased 

from Sigma-Aldrich Company (St Louis, MO, USA)   

The Arabic gum was purchased from the local market in Kingdom Saudi Arabia 

 

Preparation of aqueous extract of Arabic gum: 

The solid granules of Arabic gum were crushed into a powder the powder particles were then sieved and the 

fine particles were used for preparation of aqueous extract of Arabic gum. Ten grams of fine particles were 

soaked in a boiling drinking water for 3 h at 100°C. The solution was then filtered and the solid matter was 

discarded. The filtrate was then subjected to freeze-drying by lyophilization. 

 

Animals and experimental design: 

Twenty-eight adult Wister albino male rats (170 - 200 g) were purchased from the Central Animal House in 

Jeddah, Saudi Arabia. Animal utilization protocols were carried out according to the guidelines provided by the 

Experimental Animal Laboratory and approved by the Animal Care and Use Committee of the College of 

Science, King Abdulaziz University. The animals were housed in stainless steel cages at standard conditions 

(12-h light/12-h dark cycle, 20 ± 2 °C and 50–70% humidity). Rats were provided by a standard rat pellet chow 

and tap water ad libitum for two weeks before starting the experiment for acclimatization. After acclimatization, 

the animals were divided into four groups, each of seven rats  

G1: Normal, healthy animals  

G2: Normal rats treated with aqueous extract of AG (0.5 g/kg body weight, Daniel et al. [24]. 

G3 : Animals  received TCA ( 50mg/kg body weight/day, Acgih [25]). 

G4: Animals co-administered with TCA and AG   

TCA and AG extract were dissolved in a distilled water and co-administered orally to rats for 60 

consecutive days. The control group was given orally 0.5 ml of saline solution (0.9%NaCl) for 60 consecutive 

days. 

After the experimental period (60 days), the animals of various experimental groups were kept fasting 

overnight (12-14 h), the blood samples were gathered into sterilized tubes for centrifugation and serum 

separation. Serum was then used for biochemical analysis. After collection of blood samples, the animals were 

sacrificed under ether anesthesia and the kidney samples were removed and washed with ice-cold physiologic 

saline solution (0.9 %, w/v). The kidney samples were then homogenized in ice-cold Tris-buffered saline (TBS) 

at pH 7.4, to yield 10% homogenates. The homogenates were centrifuged for 20 minutes at 4000 rpm at 4°C and 

the supernatants were kept for measuring some biomarkers. 
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Biochemical serum assay: 

Fasting blood glucose (FBG) level was measured using Diamond Diagnostic Kits [26]. Uric acid [27], urea 

[28], and creatinine [29] were estimated as markers of kidney damage. Triglycerides (TG) were determined 

using enzymatic colorimetric kits [30]. Both total cholesterol (TC) and HDL-C were estimated in serum 

according to the method described by [31]. From the results, LDL cholesterol was calculated According to 

Friedewald et al. [32].  LDL can be calculated as follows: LDL=total cholesterol-HDL-TG/5. 

 

Biochemical renal tissue assay: 

Estimation of MDA: 

The MDA level was determined according to Buege and Aust [33] based on thiobarbituric acid (TBA) 

reactivity. This method is based on the development of a red adduct between thiobarbituric acid and MDA in an 

acidic medium. MDA as a prominent product of lipid peroxidation was estimated at 532 nm. The concentration 

of MDA was calculated using extinction coefficient value (ε) of MDA-thiobarbituric acid complex (1.56 ×105 

/M/cm).   

 

Estimation of Reduced glutathione (GSH): 

Reduced GSH level was measured according to Sedlak and Lindsay [34] by measuring free SH groups, 

using 5, 5 dithiobis-2-nitrobenzoic acid as substrate.  

 

Histological study: 

Kidney were cut into small pieces, fixed using 10% formalin and then embedded into paraffin wax . The 

samples of  kidney tissue  were then sectioned at 4 -μm thick by a by microtome, mounted on slides and stained 

with hematoxylin-eosin. The histomorphologic changes in kidney paraffin sections were observed by a light 

microscope. 

 

Results: 

The prophylactic impact of AG aqueous extract on renal function markers in rats intoxicated with TCA is 

illustrated in Table 1. The data revealed significant increases in the serum renal damage biomarkers, including 

creatinine and urea, in rats exposed to TCA compared with normal control animals (P≤ 0.05).  No marked 

change in uric acid was observed in TCA exposed rats with respect to control animals. Oral intake of AG to 

TCA intoxicated animals markedly ameliorated the deviation in these renal function biomarkers with respect to 

TCA treated animals (P≤0.05).  

The level of renal lipid peroxidation index, namely MDA, as well as the concentration of renal antioxidant 

marker, namely GSH, in the different experimental rat groups are illustrated in Figure 1. MDA, as an index of 

cellular membrane damage, was dramatically increased in renal tissue of rats ingested TCA with a concomitant 

depletion in GSH concentration when compared with control animals (P≤0.05). Ingestion of AG extract along 

with TCA exposure, markedly modulated the alterations in renal MDA and GSH compared with TCA exposed 

rats (P≤0.05). 

The level of circulating glucose and lipid profile in normal and TCA intoxicated rats are demonstrated in 

Table 2. The results showed that chronic exposure of rats to TCA induced anomalous alterations in serum 

glucose and lipid profile as observed by pronounced elevation in the serum glucose, TC, TG, and LDL-C 

accompany with a reduction in HDL-C concentration in relation to control animals. Co-administration of AG 

extract to rats exposed to TCA, significantly could normalize the deviation in serum glucose and lipid profile  in 

rats intoxicated with TCA . 

 

Statistical analysis: 

Results were evaluated by comparing the data of various experimental groups with the data of control 

animals. Values are represented as mean ± SD. Significant differences among data were statistically analyzed by 

one-way analysis of variance (ANOVA) and Bonferroni’s test post-ANOVA. 

 

Histopathological observation: 

The renal tissue damage induced in rats in reponse to chronic exposure to TCA was histomorpholoically 

examined. This examination showed that exposure of rats to TCA caused degeneration of renal tubular epithelial 

cells, atrophy of most renal tubules, atrophy and vacuolation of the glomeruli (Figure 2c). Kidney sections of 

rats treated with AG extract along with TCA administration showed more or less normal glomeruli but a few 

atrophic tubules were observed (Figure 2d). Kidney section of normal rats treated with AG only showed normal 

kidney architecture (Figure 2b) 
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Table 1: Impact of Arabic gum on kidney function biomarkers in normal and TCA exposed rats. 

Parameters Control AG TCA AG + TCA 

Creatinine (mg/dl) 0.7 ±0.08a 0.78 ± 0.06a 0.97 ± 0.03 b 0.71 ± 0.06 a 

Uric acid (mg/dl) 2.5 ± 0.01a 2.39 ± 0.012a 2.27 ± 0.014a 2.46 ± 0.019a 

Urea (g/L) 0.3 ± 0.03a 0.38 ±0.02a 0.51 ± 0.05b 0.39 ±0.06a 

Data are represented as mean ± SD of 7 rats. Values in the same columns not sharing a common letter (a–b) differ significantly at p <0.05. 

 

 
Fig. 1: Effect of Arabic gum on MDA and GSH in various experimental rats. Data are expressed as means ± SD 

(n=7 rats per group). aP ≤ 0.01, bP ≤ 0.05 versus control group, *P ≤ 0.01 versus TCA group. 

 
Table 2: Effect of Arabic gum on FBG, serum lipid profile of various experimental rats. 

Parameters Control AG TCA AG + TCA 

FBG (mg/dl) 85 ± 3.0a 91 ± 9.0a 195 ± 8.0b 87 ± 6.0a 

TC (mg/dl) 60 ±4.0a 62 ± 2.0a 80 ± 8.0 b 59 ± 6.0 a 

TG (mg/dl) 116 ± 0.08a 119 ± 0.5a 130 ± 0.9a 119 ± 0.4a 

LDL-C (mg/dl) 5.1 ± 0.1a 5.4 ± 0.03a 20 ± 0.1b 5.0 ± 0.1a 

HDL-C (mg/dl) 31 ± 0.3a 32 ±0.6a 25 ± 0.2b 27 ± 0.3a 

Data are expressed as means ± SD (n=7 rats per group). Results in the same columns not sharing a common letter (a–b) differ significantly 
at p <0.05. 

 

 
Fig. 2: Effect of AG ingestion on renal histomomorphological pictures in animals toxicated with TCA, (a) renal 

section of normal control rats showed normal architecture of renal corpuscles and tubules, (b) renal 

section of rats treated with AG only showed   normal histological structure, (c) renal section of  rats 

intoxicated with TCA showed atrophy of renal tubules with degeneration of renal tubular epithelial cells 

(black arrow),  and   vacuolation of the glomeruli (double arrow), (d) renal section of rats treated with AG 

extract  along with TCA administration showed more or less normal glomeruli and a few atrophic tubules 

(HE × 40). 
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Discussion: 

TCA is one of the dangerous contaminants in drinking water. Chronic exposure to TCA is known to cause 

systemic vital organ damage including the kidney [5, 8].  

In the current investigation, the renotoxic impact of chronic exposure to TCA was studied and the beneficial 

role of aqueous extract of Arabic gum in protecting renal tissue from TCA toxicity was also investigating. The 

result illustrated that a long-term ingestion of TCA to rats for 60 consecutive days, markedly could induce 

renotoxicity in rats, as shown by the significant increases in the serum urea and creatinine concentrations 

compared with control rats. This result may confirm that the kidney is one of the target organs for TCA toxicity. 

The renotoxic adverse effect of TCA was also confirmed by previous investigations [5, 35]. Also, alterations in 

liver and cardiac functions have been previously reported as a toxic manifestation of TCA ([5]. Administration 

of AG aqueous extract to TCA intoxicated rats, significantly modulated the renal damage indices. This 

beneficial impact of the current plant extract may attribute to its capability to stabilize cellular membranes by 

attenuating the TCA toxic impact. The renoprotective impact of AG against gentamicin nd cisplatin toxicity has 

been documented [19-20]. Also, it has been reported that AG could improve the disorder in kidney functions in 

diabetic mice [22]. In addition, a clinical investigation by [36] showed that ingestion of AG (50 g/day) to 

patients with chronic renal failure for 3 months, significantly reduces the serum creatinine, urea, and uric acid 

concentrations 

Oxidative stress is known to have an anomalous impact in the development of tissue damage. The 

imbalance between oxidant and antioxidant in favour of oxidants linked to many organ damage and failure [5, 

7]. Some studies confirmed the role oxidative stress in tissue damage under the effect of TCA toxicity [5, 7].  

The current investigation revealed that TCA induced oxidative stress in rat kidneys as shown by a marked 

increment in MDA as an index of lipid peroxidation, coupled with a reduction in the non-enzymatic antioxidant, 

GSH in kidneys of TCA intoxicated rats compared with normal healthy ones. This deleterious impact may refer 

to one of the TCA mechanisms causded organ damage and dysfunction [5, 7]. This result is confirmed by 

previous studies declared the increase in MDA level with concomitant depletion in the levels of hepatic and 

renal antioxidants in animals exposed to chronic TCA toxicity [5, 7]. 

Lipid peroxidation is the major molecular mechanism involved in the toxicity and the oxidative damage of 

cellular components that lead to the cell death [37]. It has the principle role in disturbing the cellular membrane 

integrity, leading to the leakage of the cytoplasmic enzymes [38]. It also causes a depletion in the fluidity of cell 

membranes as well as in the functions of membrane barriers. The aldehyde derivatives as lipid peroxidation 

products have the ability to suppress the actions of cellular macrophages, synthesis of proteins, enzyme activity 

and chemotactic signals [39]. In addition, MDA as a main product of lipid peroxidation is well known to interact 

with the cell DNA, leading to cytotoxicity, genotoxicity, and carcinogenicity [40]. This may explain partly the 

carcinogenic impact of TCA.  

GSH, a non- enzymatic antioxidant, has an important role in scavenging the electrophilic moieties produced 

by toxic chemicals and conjugate them to less toxic products [41]. Decreasing in GSH concentration in rat 

kidneys in response to TCA toxicity may dramatically affect critical GSH-related processes and inhibit the 

tissue capacity to protect itself against TCA caused tissue damage.  

Administration of AG extract to TCA intoxicated rats effectively ameliorated the elevation of MDA and the 

depletion of GSH in their renal tissue versu intoxicated untreated rats. This result may give a clue for the strong 

antioxidant activity of AG extract. The antioxidant and antioxidative stress of AG against oxidative stress in 

experimental animal model were previously documented [18]. The same authors reported that AG increases the 

antioxidant defense system through stimulating mRNA expression of antioxidant enzymes. The antioxidant 

beneficial impact of gum extract may attribute to its molecular structure of carbohydrates (mainly D-galactose 

and L-arabinose) which have a high reducing power with a high potential in hydrogen-donating ability. These 

reducing sugars can neutralize free radicals, converting them to stable compounds and thereby terminate free 

radicals chain reactions [42-43]. 

This work illustrated that chronic intake of TCA to rats significantly induced metabolic disorder which 

indicated by pronounced increases in the blood glucose (hyperglycemia) and lipid profile (hyperlipidemia), 

namely TCh, TG, and LDL-C accompany with a reduction in HDL-C in comparison to normal animals. The 

induced hyperglycemia in TCA intoxicated rats may reflect   that this toxin has a direct damaging impact on 

pancreatic β-cells or affected the insulin receptors due to its hepatotoxicity [7]. The increases in serum TCh, TG, 

and LDL-C levels may ascribe to the enhancement of lipolysis by TCA exposure, resulting in increased 

concentrations of blood free fatty acids. High FFAs in blood may consider the fundamental reason of 

dyslipidemia through influxing into the liver for lipoprotein synthesis and production [44]. Some reports 

illustrated that hyperglycemia and hyperlipidemia could contribute to renal tissue damage by inducing oxidative 

stress, inflammation and apoptotic endothelial cell death [45-48].  

Dyslipidemia resulted from high concentration of lipid in blood has been reported to have the main role in 

renal injury [49]. High lipids in blood, affect the reabsorption capacity of the renal tubules to lipids, causing 

accumulation of lipids in renal tissue [50]. Fat deposition in kidney can induce renal tissue damage by 
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promoting apoptosis and NF-κB activation which have an important role in the over-expression of many pro- 

inflammatory mediators such as tumor necrosis factor – α (TNF-α) and interleukin -1 (IL-1) [51]. Apoptotic cell 

death of renal tubular cells can lead to atrophy of renal tubules, resulting in chronic renal insufficiency and 

eventually lead to renal tissue injury. On the other hand, production of pro-inflammatory mediators induces 

renal tissue damage by reducing enal blood flow and glomerular filtration rates [50]. 

Administration of AG extract to TCA intoxicated rats, markedly attenuated the metabolic disorders in 

glucose and lipid profile induced in rats in response to TCA toxicity as shown by a decrease in blood glucose 

and lipid profile in rats administered AG extract along with TCA exposure compared with TCA intoxicated 

animals .A study has shown that AG possess hypoglycemic effects by inhibiting glucose absorption by the small 

intestine via interaction with membrane abundance of sodium-glucose transporter 1 (SGLT1) in  experimental 

animals [16]. In addition to that, AG was found to have a positive impact on fat metabolism [13] and a decrease 

in blood cholesterol level in humans [15]. Also, a study by Sharma [15] revealed that ingestion of AG to human, 

causes a reduction in total serum cholesterol, including LDL and VLDL cholesterol. Some mechanisms have 

been suggested to explain the hypolipidemic impact of A G. It has been proposed that the AG as a dietary fiber 

can bind the bile acids, inhibiting their re-absorption by the small intestine and causing their excretion in the 

feces, thus promoting the synthesis of bile acids from cholesterol [52]. Some authors suggested that AG induces 

cholesterol 7a-hydroxylase which converts cholesterol to 7-alpha-hydroxycholesterol, the first and rate limiting 

step in bile acid biosynthesis [53]. 

The reno-toxic impact of TCA was further documented by histo-morphological study of kidney tissue. The 

result demonstrated that exposure of rats to TCA showed atrophy of renal tubules with degeneration of renal 

tubular epithelial cells and vacuolation of many glomeruli. Similar observation was also obtained by Acharya et 

al.  [54]. Co-ingestion of AG extract to TCA treated rats showed more or less normal glomeruli with few 

atrophic tubules. This observation is supported by some authors stated that ingestion of AG greatly improved 

renal histomorphological damage in experimental intoxicated rat model [55].  

 

Conclusion: 

The current study may suggest that treatment with AG aqueous extract has a potential ability to reduce 

oxidative injury, hyperglycemia and hyperlipidemia which may have the major role in kidney tissue injury in 

response to chronic exposure to TCA toxicity. This may be useful in improving the renal performance during 

the chronic occupational exposure to TCA and /or exposure to it in a drinking water  
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