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Abstract 

Carbendazim is extensively used to control various fungal pathogens. Carbendazim is a 

contaminant found in food, soil, and water, causing functional disorders and tissue 

changes. This study aimed to evaluate the impact of ethanolic kumquat fruit against 

carbendazim induced liver toxicity in rats. Thirty adult male albino rats were randomly 

divided into two main groups and fed on the standard diet. Group I: negative control (6 

rats) and group II: carbendazim groups (24 rats). Carbendazim groups were treated with 

orally a daily dose of 250 mg/kg of body weight (B.W) carbendazim for 30 days after 

being divided into equal four subgroups (6 rats each), the first: positive control group, the 

second, the third, and the fourth groups gave a daily oral dose of ethanol extract of 

kumquat (100, 200 and 300 mg/kg) B.W, respectively. The rats were sacrificed at the end 

of the experiment (30 days). The serum was analyzed for liver enzymes, serum glucose, 

kidney functions, antioxidant tests and lipids profile. The results elucidated that the oral 

administration of carbendazim (250 mg/kg of B.W) significantly increased liver enzymes, 

kidney functions, and glucose and induced the antioxidant system suppression in the 

positive control group compared with the other groups. The oral administration with 

ethanol extract of kumquat reduced the level of liver enzymes, kidney functions, glucose, 

and the antioxidant system compared with the positive control group. The study 

concluded that the ethanol extract of the kumquat is more effective in reducing the toxic 

effect of carbendazim in experimental animals. 
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Introduction 

Carbendazim (CBZ), belongs to the benzimidazole class substituting for the primary 

amino group. CBZ is a widely used industrial fungicide with broad antifungal 
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characteristics that is used in cereal and fruit crops to treat fungal diseases (1). All these 

characteristics led to an overuse of carbendazim in fields, resulting in adverse effects on 

humans and wildlife.  By ingesting infected food or inhaling fumes, carbendazim is 

absorbed by organisms. Deposition of the pesticide on a variety of mammalian tissues, 

including adipose tissue, skin, liver, and gonads, causes life-threatening illnesses in a 

variety of living species (2,3). Farag et al., (4) reported that after exposure mice to CBZ 

increased embryonic death and different malformations of the skeleton and internal 

organs were detected. Carbendazim is a known aneugen (5) and can be classified as a 

possible human carcinogen (6).  In rats, carbendazim has been shown to have negative 

effects on biochemical, histological, and hematological markers in the liver, kidney, and 

endocrine glands, as well as their hormonal levels (7). Kumquat is a small, elliptical 

shaped fruit, closely related to citrus. The fruit can be consumed combined with the skin 

in the form of raw fruit or as juice and is distinguished by an acidic taste of flesh and a 

soft edible peel. It's also good for pickles and marmalades (8). They are used in traditional 

folk medicine to treat respiratory tract irritation (9). The health benefits of citrus are well-

documented. Their bioactivity is attributed to the presence of flavonoid compounds (10). 

The antioxidant potential of kumquat fruit is due to its high phenolic and flavonoid 

contents with polyhydroxy groups (11). Kumquat fruit extract tends to prevent liver 

damage by maintaining the integrity of the plasma membrane, thereby suppressing the 

leakage of enzymes through membranes, exhibiting hepatoprotective activity (12). 

Therefore, this study aimed to evaluate the preventive effect of ethanol kumquat extract 

against carbendazim induced liver toxicity in rats. 

Materials and Methods 

Materials 
Kumquat (Fortunella margarita) were purchased from a local market (Shebin El-Kom, 

El-Menofia, Egypt). All analysis kits were purchased from Bio diagnostic Co., Giza, 

Egypt. Carbendazim (purity > 98.0%) was provided by Weihai Pesticide Factory 

(Shandong, China). Kits were purchased from Bio diagnostic or Alkan Medical 

Company, St. El - Doky, Cairo, Egypt).  Other chemicals used throughout the experiments 

were purchased from El-Nasr Pharmaceutical Chemicals, El-Ameriea, Cairo, Egypt. 

Thirty adult male rats Sprague Dawley weighting (200±5 g) were procured from the 

Vaccine and Immunity Organization, Ministry of Health, Helwan Farms, Cairo, Egypt. 

Methods   

Preparation of kumquat extract 
Kumquat fruits were washed by tap water and cut to small slices, then dried using solar 

furnaces. The dried kumquat fruits (50 g) were extracted by shaking at 150 rpm with 

500 ml of solvent (70% ethanol) for 6 h. Extracts were filtered using Whatman No. 1 
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filter paper and then concentrated under vacuum on a rotary evaporator at 40°C to 

constant dryness and stored at − 20 °C for further use as described by (13). 

Chemical analysis 
Total flavonoids, total phenols, and the DPPH radical (2,2–Diphenyl–1–Picrylhydrazyl)) 

scavenging activity of ethanol extract of kumquat were determined according to 

(14&15&11) respectively. 

Experimental design 
Thirty adult male rats Sprague Dawley weighting (200±5 g) were used in this study. They 

were housed at the animal house, Faculty of Home Economics, Menoufia University, 

Egypt. The animals were housed individually in well aerated cages under hygienic 

laboratory conditions and fed on the standard diet according to AIN-93 guidelines (16) 

for 7 days as an adaptation period. Rats were randomly divided into two main groups and 

fed on the standard diet. Group I: negative control (6 rats). Group II: carbendazim 

intoxication group (24 rats). Carbendazim groups were treated with orally a daily dose 

(250 mg/kg of B.W) of carbendazim for 30 days according to (17). The positive control 

group, the second, the third and the fourth groups were received a daily oral dose of 

ethanol extract of kumquat (100 ,200, and 300 mg/kg of B.W) respectively. At the end of 

the experimental period (30 days), rats were anesthetized with diethyl ether after fasting 

for 12h and the blood samples were collected and centrifuged to obtain serum and kept 

frozen until analysis. 

Biochemical analysis: 
Alanine transferase (ALT), aspartate amino transferase (AST), and total protien (TP) 

enzymes were measured according to the methods described by (18,19,20), respectively. 

Albumin and total bilirubin were estimated using the method of (20,21), respectively. 

Serum glucose was estimated according to (23). Urea and creatinine levels were 

determined in serum according to the method described by (24,25). Glutathione 

peroxidase (GSH), superoxide dismutase (SOD), lactate dehydrogenase (LDH), and total 

antioxidant capacity (TAC) were determined according to (26,27,28,29) respectively. 

Determination of serum total cholesterol, triglyceride, low density lipoprotein, and high 

density lipoprotein according to (30,31,32,33) respectively. 

Histopathology examinations: 
The liver organ was taken from each experimental group, fixed in neutral buffered 

formalin, dehydrated in ascending concentration of ethanol (70%), cleared in xylene, and 

embedded in paraffin. Histopathology examinations were described (34). 
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Statistical analysis: 
Results were expressed as the mean ± SD. The experimental data were subjected to an 

analysis of variance (ANOVA) for a differences among means at the level of 5%. 

Results and Discussion 
As shown in table (1) total phenolic, total flavonoid contents, and DPPH radical 

scavenging potency of ethanol extract of kumquat  (EEK). The results proved that the 

ethanolic extract of kumquat was higher in its content of total phenolic (331.25µg/ml) 

followed by total flavonoid (27.00µg/ml). These results agree with recent studies (36,37) 

who showed that  kumquat fruit is a rich source of bioactive compounds with more 

effective antioxidants those citrus. Ethanol extract of kumquat had a capacity on DPPH 

radical by 14.51%. The high oxidation resistance of kumquat fruit extract may be 

attributed to the free radical scavenging activity (12). Kumquat could be considered as 

potential sources of flavonoids and phenolic compounds (38). 

Table1(1): Total phenolic, total flavonoid contents, and DPPH radical scavenging 

potency of ethanol extract of kumquat. 
Parameter Ethanol extract of kumquat 

Total flavonoid(µg/ml) 27.00±1.60 

Total phenolic compounds (µg/ml) 331.25±24.3 

DPPH(%) 14.51±1.50 

Each value in the table is the mean  standard deviation of three replicates.  

Table (2) showed that exposure of rats to carbendazim resulted in a significant (p < 0.05) 

increase of ALT, AST, and TB in the positive control group compared with negative 

control and treated groups while, TP and AL had an opposite trend. The same results were 

obtained by other study (39) who postulated that the damaging effect of CBZ on the liver 

is manifested by increases in serum ALT, AST, ALP, and total bilirubin levels. 

Administration rats with different concentrations of ethanol extract of kumquat caused a 

decrease in serum levels of ALT, AST, and TB an increase in TP. These results are in 

agreement with other studies (12,40) who illustrated that the levels of liver enzymes 

(ALT, AST, and GGT) in rats treated with ethanol extract of kumquat was significantly 

reduced. No significant differences were observed (p > 0.05) in AST between rats were 

given EEK (300 mg/kg of B.W) and the negative group. Also, treated rats with 200 and 

300 mg/kg (B.W) of EEK did not differ (p > 0.05) in their effect on TP. The highest 

reduction in AST (72.25%), ALT (59.68%), and TB (77.63%) were observed in rats 

administrated with 300 mg/kg (B.W) of EEK. Our results are compatible with other 

studies (37,41) who found that kumquat fruit extract has a protective effect on hepatocyte 

membranes because it contains antioxidants, particularly carotenoids, and anti-

inflammatory compounds. Moreover, Kumquat enhances liver enzymes (AST, ALT, 

ALP) because it includes vitamin C and phenolic compounds (36). 
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Table 2: Effect of Ethanol extract of kumquat on the liver functions in control and 

carbendazim intoxicated groups.  

Variable 
Negative 

control 

Carbendazim intoxicated groups 

Positive control 
Ethanol extract of kumquat (mg/kg of B.W) 

100 200 300 

AST(u/L) 90.41d±2.21 333.34a±14.51 251.97b±6.84 213.08c±4.95 92.48d±7.11 

ALT(U/L) 41.31e±3.51 306.43a±6.19 249.16b±4.57 186.53c±4.05 123.54d±5.42 

TP(U/L) 7.02a±0.14 4.33d±0.18 5.55c±0.24 6.20b±0.17 6.40b±0.39 

TB(U/L) 0.13e±0.02 1.52a±0.13 0.99b±0.08 0.73c±0.58 0.34d±0.12 

AL(U/L) 4.10a±0.17 2.34d±0.29 3.21c±0.10 3.21c±0.10 3.75b±0.35 

Values are expressed as means ± SD; means in the same raw with the different letters are significantly different (P < 

0.05). EEK: kumquat ethanol extract, ALT: alanine amino transferases, AST: aspartate aminotransferases, TP: total 

protein, TB: total bilirubin, AL: albumin 

Table (3) shows the effect of ethanol extract of kumquat on lipids profile in control and 

carbendazim groups. There were significant (p < 0.05) increases in serum TC, TG, LDL, 

and VLDL in the positive control group compared with the negative control and the 

treated groups. while HDL had an opposite trend. These results were similar with one 

study (42) who showed that the treated mice with CBZ showed an increase in blood 

cholesterol and triglyceride levels. Administration rats with different concentrations of 

ethanol extract of kumquat resulted (p < 0.05) in a decrease in TC, TG, LDL, VLDL and 

an increase in HDL compared with the positive control. These changes were corrected to 

normalcy upon oral administration of ethanol extract of kumquat to carbendazim-

intoxicated rats. These results are compatible with another study (38) who said that the 

findings imply  the complete kumquat, as well as its peel and pulp, have anti-atherogenic 

properties. No significant differences were observed (p > 0.05) in HDL between rats 

given 200 and 300 mg/kg of B.W of EEK. The highest reduction in TC (53.23%), TG 

(63.45%), LDL (66.28%), and VLDL (63.45%) were observed in rats administration with 

300 mg/kg of B.W of EEK while, HDL had an opposite trend (42.95%). This may be due 

to the high contents of total flavonoid, total phenolic compounds, and high radical 

scavenging activity in 300 EEK than other concentrations of kumquat extracts. The same 

trend was obtained by other study (43) which found that the whole kumquat was found 

to have hypocholesterolemic activity ,which could be mediated by flavonoids and 

phenolic substances. Also, the inclusion of polysaccharides, carotenoids, and sterol in the 

kumquat extract may be responsible for the  improvement in lipids profile (44). 

Polysaccharides are the primary bioactive components in kumquat. Moreover, 

polysaccharides' hypolipidemic mechanism was achieved by increasing lipase activity, 

increasing antioxidant enzyme activity, and improving polysaccharides’ ability to bind 

bile acid (45).  
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Table 3: Effect of Ethanol extract of kumquat on lipids profile in control and 

carbendazim intoxicated groups  

Variable 
Negative 

control 

Carbendazim intoxicated groups 

Positive 

control 

Ethanol extract of kumquat (mg/kg of B.W) 

100 200 300 

TC (mg/dL) 100.94e±4.51 269.29a±17.8 174.33b±6.02 146.75c±4.81 125.91d±9.10 

TG (mg/dL) 62.10e±5.41 226.05a±9.11 128.37b±3.39 116.84c±5.05 82.60d±9.31 

HDL (mg/dL) 50.20a±1.48 31.00d±2.66 40.79c±1.87 43.40bc±2.3 44.32b±2.58 

LDL (mg/dL) 38.33e±5.21 193.08a±18.26 107.86b±7.78 79.99c±6.40 65.09d±9.13 

VLDL (mg/dL) 12.41e±1.09 45.21a±1.80 25.67b±0,67 23.36c±1.01 16.52d±1.22 

Values are expressed as means ± SD; means in the same raw with the different letters are significantly different (P < 

0.05). EEK: Ethanol extract of kumquat, T C; total cholesterol, T G; triglyceride; HDL; high density lipoprotein, LDL; 

low density lipoprotein, VLDL; very low-density lipoprotein. 

Data in table (4) indicated that the effect of ethanol extract of kumquat on serum blood 

glucose and kidney functions in control group and carbendazim intoxicated groups. There 

was a significant (p < 0.05) increase in serum glucose, urea, and creatinine in the positive 

group compared with the negative and carbendazim intoxicated groups. These results are 

in agreement with another study (2) who found that the separated doses of CBZ resulted 

in a significant increase in plasma urea and creatinine. Also, rats treated with CBZ alone 

resulted in significant increases in serum glucose (64%), urea (99%), and creatinine 

(52%) levels compare with the negative group (46). Treatment rats with ethanol extract 

of kumquat led to dramatically lower blood glucose, urea, and creatinine levels in rats. 

These results had the same trend of one study (47) who showed that natural products such 

as kumquat have been shown to have a protective effect on blood sugar levels in diabetic 

rats. Researchers found that serum creatinine and urea were lowered in rats treated with 

kumquat crude ethanol extract by 33.3% and 13.35% respectively (48). Administration 

rats with 100 and 200 mg/kg of B.W of EEK did not differ (p > 0.05) in their effect on 

creatinine. The highest reduction of glucose level (56.28%), urea (69.33%), and 

creatinine (56.16%) was observed in rats given 300 mg/kg of B.W of EEK. 

Table 4: Effect of ethanol extract of kumquat on serum blood glucose and kidney 

functions in control and carbendazim intoxicated groups  

Variable 
Negative 

control 

Carbendazim intoxicated groups 

Positive 

control 

Ethanol extract of kumquat (mg/kg of B.W) 

100 200 300 

Glucose(mg/dl) 93.61e±10.97 266.35a±11.72 186.88b±7.41 157.96c±5.81 116.43d±7.72 

Urea (mg/ dl) 16.24e±2.94 94.60a±1.77 70.74b±1.53 56.52c±3.01 29.016d±2.18 

Creatinine(mg/dl) 0.33d±0.05 1.46a±0.21 0.91b±0.06 0.84b±0.02 0.64c±0.04 

Values are expressed as means ± SD; means in the same raw with the different letters are significantly different (P < 0.05). EEK: 

Ethanol extract of kumquat. 
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Data in table (5) indicated that the effect of ethanol extract of kumquat on antioxidant 

status in control and carbendazim intoxicated groups. The levels of superoxide dismutase 

(SOD), total antioxidant capacity (TAC), and glutathione peroxidase (GSH) in positive 

control were significantly decreased after oral administration of carbendazim (p˂0.05), 

while lactate dehydrogenase (LDH) had an opposite trend. Youssef (49) found that the 

repeated administration of carbendazim in rats resulted in an increase in MDA content 

and a decrease in both glutathione transferase and catalase activity compared with the 

negative group. The decrease in the levels of SOD, TAC , GSH, and  an increase in LDH 

may be due to the cause of the oxidative stress resulting from exposure to carbendazim. 

Exposure rats to the High doses of carbendazim may cause severe oxidative stress, which 

disrupts the cell homeostasis and promotes apoptosis (50). The levels of SOD, TAC, and 

GSH were significantly increased (p<0.05) of rats treated with ethanol extract of 

kumquat. Our results are in agreement with a recent study (51) who showed that 

Kumquat's antioxidant and anti-inflammatory properties may also be attributed to its d-

limonene concentration. No significant differences were observed (p > 0.05) in LDH 

between rats, which were given 300 mg/kg B.W of EEK and the negative group. Given 

rats 300 mg/kg of B.W of EEK caused an increase levels of SOD, TAC, and GSH 

1069.12,1001.57, and 1144.83%, respectively and reduction the .LDH level by 75.34%. 

Our results had the same trend as that of two studies (12,52) who reported that kumquat 

has a high antioxidant capacity, which is related to the high flavonoid content, as 

flavonoids are widely regarded as the basis of antioxidant capacity. Also, flavonoids have 

been shown to significantly reduce lipid peroxidation and boost the body's own 

antioxidant defense system (46). 

Table 5: Effect of Ethanol extract of kumquat on antioxidant status in control and 

carbendazim intoxicated groups. 

Variable Negative control 

Carbendazim intoxicated groups 

Positive Control 

Ethanol extract of kumquat (mg/kg of 

B.W) 

100 200 300 

LDH(U/L) 302.16d±31.55 1347.03a±79.77 836.85b±62.11 491.92c±70.02 332.16d±26.55 

SOD(U/L) 60.33a±7.06 2.98e±1.17 11.26d±1.75 26.47c±2.55 34.84b±1.49 

GSH(U/L) 183.00a±2.36 13.83e±2.13 107.76d±2.58 144.16c±2.63 172.16b±2.31 

TAC(U/L) 17.75a±1.78 1.27e±0.39 5.12d±0.63 10.88c±1.62 13.99b±1.08 

Values are expressed as means ± SD; means in the same raw with the different letters are significantly different (P < 

0.05). EEK: Ethanol extract of kumquat, LDH: Lactate dehydrogenase, SOD: Superoxide Dismutase: Total antioxidant 

capacity, GSH: glutathione.  
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Histopathologic results  

Fig. (1) showed the effect of ethanol extract of kumquat on histological examination of 

liver tissues of rats exposed to carbendazim and negative control rats. Negative control 

rats' liver sections exhibited normal histological structure, whereas positive control rats' 

liver sections demonstrated congestion of hepatic blood arteries and significant dilatation 

of the hepatic sinusoids.  Also, the hepatocytes showed variable degrees of necrobiotic 

changes as granular and vacuolar degeneration with widespread necrosis. On the other 

hand, the findings revealed that giving rats an ethanol extract of kumquat reduced 

carbendazim-induced degenerative alterations and preserved the normal histological 

architecture of the liver tissue, with minimal lipid droplets and isolated necrotic regions. 

In addition, it was observed that rats treated with 300mg/kg BW of ethanol extract of 

Kumquat provided significant protection against carbendazim-induced changes, and the 

hepatocyte pattern resembled that of a normal hepatocyte. These results agree with those 

reported by (53) who showed that the methanol extract of kumquat reduced increased 

liver enzymes to normal levels, indicating the preservation of hepatocytic cell membrane 

structural integrity or the regeneration of damaged liver cells.   

Conclusion   

From the above results, it can be concluded that ethanolic Kumquat extract can be used 

as a powerful preventative treatment for liver damage, possibly due to its antioxidant and 

anti-inflammatory properties. So, we recommend ingesting more kumquat fruits for 

workers such as farmers who are exposed to pesticides, especially containing 

Carbendazim to protect the liver from poisoning. 

 

 

Fig (1): Effect of ethanol extract of kumquat on histological examination of liver 

tissue of rats’ exposure to carbendazim 

EEK: Ethanol extract of kumquat 
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ي لمستخلص فاكهة الكمكوات الإيثانولي 
ضد تسمم الكبد الناتج عن الكاربيندازيم   التأثير الوقائ 
ان  ي الفي 

 
 ف
 

 ١ هند السدودى، ٢، محمد بدر ١ يوسفهبه 
ز ١ ، جامعة المنوفية، شبي  لي

ز   الكوم، مصرقسم التغذية وعلوم الأطعمة، كلية الاقتصاد المنز
ز الکوم، مصر  ٢  قسم الکيمياء الحيوية، کلية الصيدلة، جامعة المنوفية، شبي 

ي   لملخص العرئ 
الفطرية   ي مسببات الأمراض 

للتحكم فز الكاربندزيم على نطاق واسع  الكاربندزيم مادة  المختلفة. ويعتنر  يستخدم 
ي الأنسجة. لذلك هدفت هذه الدراسة إل  

ات فز ات وظيفية وتغن  بة والماء ويسبب تغن  ي الطعام والنر
ملوثة توجد فز

ي تقييم 
ان. تم  التأثن  الوقائ  ي الفن 

لمستخلص فاكهة الكمكوات الإيثانولي ضد تسمم الكبد الناتج عن الكاربيندازيم فز
ز من ذكور   انتقسيم ثلاثي  . المجموعة   بشكل  الفن  ي قياسي

ز وتغذيت على نظام غذائ  ز رئيسيتي  ي إل مجموعتي 
عشوائ 

السالبة ) الضابطة  )  6الأول:  الثانية:  ان( والمجموعة  بجرعة يومية مقدارها   الكاربندزيم   إعطائها فار( تم    24فن 
ان    6ية متساوية )يومًا بعد تقسيمها إل أرب  ع مجموعات فرع  30  لمدة (BW) مجم / كجم من وزن الجسم   250 فن 

لكل منهما(، المجموعة الأول: المجموعة الضابطة الموجبة ، الثانية ، الثالثة و الرابعة أعطت جرعة يومية من  
( الكمكوات  الإيثانول من  و    200،    100مستخلص  نهاية    300،  ي 

. فز التوالي الجسم على  مجم / كجم( من وزن 
ان وت  (، تم يومًا  30التجربة ) كلىي وسكر الدم ودهون جميع عينات الدم من اجل تحليل وظائف الكبد والتخدير الفن 

اللأكسدة.  تناول  الدم ومضادات  النتائج ان  الجسم    250  أوضحت  الملجم / كجم من وزن  كاربيندازيم عن  من 
ي المجموعة الضابطة    وسكر الدم ومضادات الأكسدة  الكبد والكلىوظائف  إل زيادة مستويات    أدى   طريق الفم 

فز
تناول مستخلص كما  .لموجبةا الكيموكوات أدى  و  الإيثانولي   ات  الجلوكوز  الفم إل خفض مستويات   عن طريق 

(LDH)  خلصت الدراسة إل أن مستخلص ولذلك  .  الضابطة الموجبة  بالمجموعةالكبد والكلى مقارنة  وظائف  و
ي تقليل التأثن  السام لمادة 

ي حيوانات التجارب الإيثانول من الكمكوات أكنر فاعلية فز
 . الكاربيندازيم فز

. ، وظائف الكبد ، كيموكوات ال، الكاربندازيم الكلمات المفتاحية:    الكلىي
 


	1. Mahob, R.; Ndoumbe-Nkeng, M.; Ten Hoopen, G.M.; Dibog, L.; Nyassé, S.; Rutherford, M.; Mbenoun, M.; Babin, R.; Mbang, J.A.A.; Yede, Y. Pesticides use in cocoa sector in Cameroon: characterization of supply source, nature of actives ingredients, fas...
	2. Abolaji, A; Awogbindin, I;, Adedara, I;, and Farombi, E. Insecticide chlorpyrifos and fungicide carbendazim, common food contaminants mixture, induce hepatic, renal, and splenic oxidative damage in female rats. Human & experimental toxicology., (20...
	3. Zari, TA; and Al-Attar, AM. Therapeutic effects of olive leaves extract on rats treated with a sublethal concentration of carbendazim. Eur. Rev. Med. Pharmacol. Sci., (2011), 15, 413-26.
	4. Farag, A; Ebrahim, H;, ElMazoudy, R, and Kadous, E. Developmental toxicity of fungicide carbendazim in female mice. Birth Defects Research Part B: Developmental and Reproductive Toxicology., (2011), 92, 122-130.
	5. White, PA; and Johnson, GE. Genetic toxicology at the crossroads—From qualitative hazard evaluation to quantitative risk assessment. Mutagenesis., (2016), 31, 233-237.
	6. Goodson, W; Lowe, L; Carpenter, D; Gilbertson, M; Manaf Ali, A; Lopez de Cerain Salsamendi, A; Lasfar, A;, Carnero, A; Azqueta, A; and Amedei, A. Assessing the carcinogenic potential of low-dose exposures to chemical mixtures in the environment: th...
	7. Li, J; Zhou, X;, Zhang, C; Zhao, Y; Zhu, Y; Zhang, J; Bai, J; and Xiao, X. The Effects of Carbendazim on Acute Toxicity, Development, and Reproduction in Caenorhabditis elegans. Journal of Food Quality., (2020).
	8. Chen, M-H; Yang, K-M; Huang, T-C; and Wu, M-L: Traditional small-size citrus from Taiwan: Essential oils, bioactive compounds and antioxidant capacity. Medicines, (2017) 4, 28.
	9. Lin, C-C; Hung, P-F; and Ho, S-C: Heat treatment enhances the NO-suppressing and peroxynitrite-intercepting activities of kumquat (Fortunella margarita Swingle) peel. Food Chemistry., (2008), 109, 95-103.
	10. Roowi, S; and Crozier, A. Flavonoids in tropical citrus species. Journal of Agricultural and Food Chemistry., (2011), 59, 12217-12225.
	11. Foti, MC. Use and Abuse of the DPPH Radical. Journal of Agricultural and Food Chemistry., (2015).63, 8765-8776.
	12. Abdallah, IZ; Ahmed, M; Montaser, S; and Hafez, SS. Efficiency of Kumquat fruit (Fortunella margarita) extract against hepatotoxicity and infertility induced by Gamma irradiation in male albino rats. Egyptian Journal of Radiation Sciences and Appl...
	13. Al-Saman, MA; Abdella, A; Mazrou, KE; Tayel, AA; and Irmak, S. Antimicrobial and antioxidant activities of different extracts of the peel of kumquat (Citrus japonica Thunb). Journal of Food Measurement and Characterization., (2019), 13, 3221-3229.
	14. Zhishen, J; Mengcheng, T; and Jianming, W. The determination of flavonoid contents in mulberry and their scavenging effects on superoxide radicals. Food Chemistry., (1999), 64, 555-559.
	15. Singleton, VL; and Rossi, JA. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. American journal of Enology and Viticulture., (1965), 16, 144-158.
	16. Reeves, PG; Nielsen, FH; and Fahey Jr, GC. AIN-93 purified diets for laboratory rodents: final report of the American Institute of Nutrition ad hoc writing committee on the reformulation of the AIN-76A rodent diet. Oxford University Press., (1993).
	17. Ilyushina, N. Cytogenetic Effects of Carbendazim on Mouse Bone Marrow Cells. Russian Journal of Genetics, (2020), 56, 1193-1202.
	18. Bergmeyer, H; and Harder, M: A colorimetric method of the determination of serum glutamic oxaloacetic and glutamic pyruvic transaminase. Clin. Biochem (1986), 24, 1-488.
	19. Kachmar, J; and Moss, D: Fundamentals of clinical chemistry. WB Saunders and Company, Philadelphia, (1976), 604.
	20. Varley, JM; Macgregor, HC;and Erba, HP. Satellite DNA is transcribed on lampbrush chromosomes. Nature., (1980).283, 686-688.
	21. Reinhold, J. Total protein, albumin, and globulin. Standard methods of clinical chemistry., (1953), 1, 88-97.
	22. Burtis, C; Ashwood, E; and Border, B: Liver functions. Tietz Fundamentals of Clinical Chemistry, 5th (ed.), Saunders Company, Philadelphia, (2001), 748-770.
	23. Barham, D; and Trinder, P: An improved colour reagent for the determination of blood glucose by the oxidase system. Analyst., (1972), 97, 142-145.
	24. Patton, CJ; and Crouch, S. Spectrophotometric and kinetics investigation of the Berthelot reaction for the determination of ammonia. Analytical chemistry., (1977), 49, 464-469.
	25. Zhiri, A; Houot, O; Wellman-Bednawska, M; and Siest, G. Simultaneous determination of uric acid and creatinine in plasma by reversed-phase liquid chromatography. Clinical chemistry., (1985), 31, 109-112.
	26. Moron, MS; Depierre, JW; and Mannervik, B. Levels of glutathione, glutathione reductase and glutathione S-transferase activities in rat lung and liver. Biochimica et biophysica acta (BBA)-general subjects., (1979), 582, 67-78.
	27. Nishikimi, M; Rao, NA; and Yagi, K. The occurrence of superoxide anion in the reaction of reduced phenazine methosulfate and molecular oxygen. Biochemical and biophysical research communications., (1972),46, 849-854.
	28. Babson, AL; and Babson, SR. Kinetic colorimetric measurement of serum lactate dehydrogenase activity. Clinical chemistry., (1973), 19, 766-769.
	29. Young, I. Measurement of total antioxidant capacity. BMJ Publishing Group, (2001).
	30. Allain, CC; Poon, LS, Chan; CS, Richmond, W; and Fu, PC. Enzymatic determination of total serum cholesterol. Clinical chemistry., (1974), 20, 470-475.
	31. Fossati, P; and Prencipe, L. The determination of triglyceride using enzymatic methods. Clin. Chem., (1982), 28, 2077-2080.
	32. Lee, R; and Nieman, D: Anthropometry. Nutritional assessment., (1996), 3, 164-9.
	33. Lopes-Virella, MF; Stone, P; Ellis, S; and Colwell, JA. Cholesterol determination in high-density lipoproteins separated by three different methods. Clinical chemistry., (1977), 23, 882-884.
	34. Bancroft, JD; and Stevens, A: Histopathological stains and their diagnostic uses., (1975).
	35. Artimage, G, and Berry, W. Statistical Methods 7th Ed. Ames. Iowa Stata University Press., (1987).
	36. Abd-Elfatah, MH; Abd-Elhady, EE; and El-Moslemany, AM. Effect of dried kiwi and kumquat fruits against azathioprine induced liver toxicity in male albino rats. Egyptian J. of Nutrition., (2021), 36, 1-36.
	37. Tan, S, Li; M, Ding, X; Fan, S; Guo, L; Gu, M; Zhang, Y; Feng, L; Jiang, D; and Li, Y. Effects of Fortunella margarita fruit extract on metabolic disorders in high-fat diet-induced obese C57BL/6 mice. PLoS One., (2014), 9, e93510.
	38. Allam, M; Khedr, A; and El-Beltagy, A, Kumquat As A Potent Natural Material To Improve Lipid Profile Of Hypercholestrolemic Rats. Biolife., (2015),3, 171-81.
	39. Bao, Z; Zhao, Y; Wu, A; Lou, Z; Lu, H; Yu, Q; Fu, Z; and Jin, Y. Sub-chronic carbendazim exposure induces hepatic glycolipid metabolism disorder accompanied by gut microbiota dysbiosis in adult zebrafish (Daino rerio). Science of the Total Environ...
	40. Elabd, EAEM. Phytochemical and Biological Studies on Fortunella margarita (Lour.) Swingle (Kumquat). CU Theses., (2015).
	41. Wu, H. Study on Kumquat Juice Processing Technology with Two Kinds of Enzymatic Method. Fujian Agriculture and Forestry University., (2013).
	42. Jung, CH; Cho, I; Ahn, J; Jeon, TI; and Ha, TY. Quercetin reduces high‐fat diet‐induced fat accumulation in the liver by regulating lipid metabolism genes. Phytotherapy Research., (2013),27, 139-143.
	43. Patil, N; Lonare, M; Sharma, M; Lalhriatpuia, P; Saini, S; and Rampal, S. Hemato-biochemical alterations mediated by carbendazim exposure and protective effect of quercetin in male rats. Toxico. Int., (2018),25, 7-18.
	44. Zeng, H. Structural Characterization and Hypolipidemic Mechanism of Polysaccharides from Fortunella Margarita (Lour.) Swingle. Fujian Agriculture And Forestry University, (2015).
	45. Zeng, H; Miao, S; Zhang, Y; Lin, S; Jian, Y; Tian, Y; and Zheng, B. Isolation, preliminary structural characterization and hypolipidemic effect of polysaccharide fractions from Fortunella margarita (Lour.) Swingle. Food Hydrocolloids., (2016),52, ...
	46. Alghamdi, SA. Effect of Nigella sativa and Foeniculum vulgare seeds extracts on male mice exposed to carbendazim. Saudi journal of biological sciences., (2020), 27, 2521-2530.
	47. Al-Sayed, H; Abdelaleem, M; and Shawky, H. Physiochemical and nutritional evaluation of whole kumquat fruits powder and its protective effect on thyroid hormones and blood sugar levels in diabetic rats. Brazilian Journal of Biology., (2021), 83.
	48. Mohamed, DA; Fouda, K; and Hamed, IM. Protective effect of kumquat fruits and carrot seeds extracts against brain aging in rats. Journal of Herbmed Pharmacology., (2019),8, 287-294
	49. Youssef, HE. The protective role of pomegranate (Puncia Granatum) juice on changes induced by carbendazim in sperm characteristics in rats. مجلة بحوث التربية النوعية, 545, (2016): 545, 563.
	50 Adedara, I; Vaithinathan, S; Jubendradass, R; Mathur, P; and Farombi, E. Kolaviron prevents carbendazim-induced steroidogenic dysfunction and apoptosis in testes of rats. Environmental toxicology and pharmacology., (2013),35, 444-453.
	51. Yu, L; Yan, J; and Sun, Z. D-limonene exhibits anti-inflammatory and antioxidant properties in an ulcerative colitis rat model via regulation of iNOS, COX-2, PGE2 and ERK signaling pathways. Molecular medicine reports., (2017), 15, 2339-2346.
	52. Tan, S; Zhao, X; Yang, Y; Ke, Z; and Zhou, Z. Chemical Profiling Using Uplc Q‐Tof/Ms and Antioxidant Activities of Fortunella Fruits. Journal of food science., (2016), 81, C1646-C1653.
	53. Mohammed, MM; Ibrahim, NA; El-Hawary, SS; Ali, SA; Rizk, MZ; and El-Abd, EA. Chemical Composition and Liver Protection of the Methanol Extract of Fortunella margarita (Lour.) Swingle Leaves, (2018)

