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Abstract 

       Background: Fluoride is widely distributed in nature in many forms and 
its compounds are being used extensively. Increased oxidative stress is 
proposed to mediate the toxic effects of fluoride on soft tissues. Anti-
inflammatory and antioxidant properties have been describedrom species of the 
Rhamnaceae family. Aim of the study: Accordingly, this research was 
conducted to investigate the possible protective effects of rhamnus fruit 
Ziziphus spina-christi L.  (Powder and extract), zinc and their co-treatment 
against sodium fluoride (NaF)-induced oxidative stress in male albino rats. 
Materials and methods: Thirty five rats were divided into 7 equal groups. 
Group 1 served as negative control group fed on the basal diet. Group 2: 
positive control group was given NaF (10 mg/kg) orally once daily for 2 weeks. 
Group 3: zinc 20mg/Kg b.wt/ rats. Group 4: fed on the formulated diet with 5% 
rhamnus fruit powder. Group 5: given orally rhamnus extract at dose of 5 ml. 
Group 6: 5% rhamnus fruit powder +zinc and Group 7: 5 ml of rhamnus fruit 
extract +zinc. At the end of the experiment, all animals were sacrificed and 
blood samples were obtained for assessment of serum total cholesterol, HDL-C, 
LDL-C, VLDL-C and triglycerides levels in addition to liver and kidney 
functions. Oxidative indices including total antioxidant status (TAS), total 
oxidant status (TOS), kidney TAS and TOS.  As well as, kidneys 
histopathological changes were assessed. Results: NaF intoxicated groups 
showed significant alterations of biochemical indices with significantly 
decreased in TAS and TOS levels. Conclusions: The obtained results showed 
that NaF intoxication caused hepatic and renal damage by increasing oxidative 
stress and suggested a possible protective effect of rhamnus fruits and zinc 
administration against fluoride-induced oxidative stress. 
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Introduction 

      Fluoride (F–) is an essential trace element that, in low concentrations, has 
been proven to be beneficial for teeth and bone development (Pendrys, 2001). 
It is widely distributed in the environment in different forms and its compounds 
are extensively used. Typically, water consumption   is the largest contributor to 
daily F intake either due to runoff of F– containing rocks and soils into 
groundwater or artificial fluoridation of drinking water in some areas (ATSDR, 
2003). The permissible amount of fluoride in drinking water is 0.5 - 1.5 mg/L 
(Cotruvo, 2017 and Fallahzadeh et al., 2018). Furthermore, F– anions are 
incorporated in various insecticides, Teflon-lined cookware (NRC, 2006), air 
(due to gaseous industrial waste) (Nabavi et al., 2012) dietary supplements and 
in drugs designed to reduce dental decay (Fallahzadeh et al., 2018). the 
consumption of fluoride became uncontrolled and unpredictable often 
exceeding its therapeutic window (Natalia and Gennadii, 2012). The 
excessive consumption of fluoride results in fluorosis as a serious health 
problem (Madhusudhan et al., 2010) which linked to reduce antioxidant 
defense and increases oxidative stress of brain, liver, kidney and spinal cord 
(Strunecka and Strunecky, 2020 and Wang and Li, 2002).), a slow 
degenerative diseases, affecting teeth and bone tissues (Sarkar et al., 2014), as 
well as inducing neurological defect (Malin and Christine, 2015 and Kumar 
et al., 2020). Numerous investigations have established that the toxicity of 
fluoride as fluoride intoxication leads to the down-regulation of antioxidant 
enzymes (Vani and Reddy, 2000), an increase in relative oxygen species 
(ROS), and oxidative stress (Ghosh et al., 2002). The pro-oxidant/ antioxidant 
imbalance caused by fluoride intoxication may lead to multi-organ dysfunctions 
(Chlubek, 2003). Excessive ROS production and/or diminished antioxidant 
defenses have been implicated in cancer, diabetes, and cardiovascular diseases 
(Fatehi-Hassanabad et al., 2010; Montezano and Touyz, 2012 and Storz, 
2006). NaF administration increased levels of lipid peroxidation and reduced 
SOD and catalase activities. Furthermore, glutathione levels in erythrocytes 
diminished after NaF exposure, suggesting an induction of oxidative stress 
(Nabavi et al., 2013). Moreover, Al-Sabaawy and Al-Kaisie (2020) reported 
that NaF may reduce the efficiency of male reproductive system and reduce the 
levels of sexual hormones in rats. However,      zinc antagonizes oxidative 
stress, apoptosis and cell cycle changes induced by excess fluoride (Yu et al., 
2006).  

        Rhamnus (Ziziphus spina-christi L.) belongs to the Rhamnaceae family 
that produces small orange-yellow fruits, tasted like a mixture of dates and 
apples and was usually eaten fresh or dried (Bukar et al., 2015). It is grows 
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wild in Egypt especially, in Sinai. Usually in Arabic the fruits have the name of 
the tree, but in the case of Z. spina-christi, the tree is called siddir and the fruit 
nabag indicating the specific importance of this plant to local people (Michel et 
al., 2011  and Saied et al., 2008). It is shown to have antiviral, antifungal, 
antibacterial, laxative, purgative and depurative activities and used in the 
Egyptian folk medicine for treatment of several diseases including 
gastrointestinal tract ailments, diabetes and diarrhea  (Amin and 
Ghoneim, 2009; Michel et al., 2011 and Mubaraki et al., 2017). Recently, 
hypoglycemic, hypotensive, hepatoprotective, anti-inflammatory, antioxidant, 
free radical scavenging, antibactericidal, antimutagenic as well as 
antiproliferative, pro-apoptotic activity in human cancer cell lines and 
antigenoapoptosis-inducing properties have been described for species of 
Rhamnaceae family (Almeer et al., 2018 ; Campbell et al., 2019; 
Comlekcioglu et al., 2017; Chen et al., 2018; Dkhil et al., 2018; Guizani et 
al., 2013; Hemeg et al 2020 and  Jafarian et al., 2014).  

          There is an increasing interest in the natural antioxidants contained in 
medicinal and dietary plants, which are candidates for the prevention of 
oxidative damages. The genus Zizyphus (Rhamnaceae) is characterized from a 
phytochemical point of view by the abundance of phenolic substances, 
especially flavonoids, anthraquinones and tannins (Shahat et al., 2001 and 
Tripathi et al., 2001), which are described by numerous authors as antioxidant 
molecules (Kim et al., 2020; Moreira et al., 2018; Park et al., 2004 and Vaya 
et al., 2003). The active constituents of Ziziphus spina-christi includes 
triterpenoid sapogenins, geranyl acetate, sterols, saponins, methyl 
hexadecanoate, peptide, cyclopeptide alkaloids, methyl octadecanoate, tannines, 
and flavonoids (such as rutin and quercetin derivatives) (Almeer et al., 2018; 
Jafarian et al., 2014 and Kadioglu et al., 2016). Administration of Ziziphus 
spina-christi resulted in a greater reduction of inflammatory colonic injury, 
restored the balance between the oxidants and antioxidants and effectively 
modulated the mRNA expression of redox-sensitive transcription factors; 
therefore, it could be considered as an alternative and/or additive therapeutic 
approach for the management of inflammatory disease (Almeer et al., 2018). 
Tessema and Molla (2021) revealed that the methanolic extract of crude 
rhamnus leaves can help the healing of wounds as evidenced by an increase in 
wound contraction rate and tensile strength, decrease in Epithelialization period. 
Ghaffari et al., (2021) concluded that the mechanism of action has occurred 
through the Bax-independent apoptotic pathway in breast cancer MCF-7 cells 
and inhibited cells proliferation after exposed to Ziziphus spina-christi leaf 
extracts. Tacherfiout et al., (2018) suggested that rhamnus leaves are rich in 
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flavonoids and flavonoid derivatives with an anti-hyperlipidemic effect in vivo 
and in hepatic cells.  

       The aim of this study was to characterize the phenolic compounds in 
rhamnus fruit (Ziziphus spina Christi) by HPLC, and explore the effect of 
rhamnus fruit (powder and extract), zinc and their co-treatment against sodium 
fluoride (NaF)-induced oxidative stress in male albino rats.   

MATERIALS AND METHODS 
Materials: 
 
Rhamnus fruits: Rhamnus fruits were obtained from the local market in Cairo 
city, Egypt. 
Basal diet: Casein, vitamins, minerals and cellulose were obtained from El-
Gomhariya Company for Trading Drugs, Chemicals and Medical Instruments, 
Cairo, Egypt. While starch and corn oil were obtained from local market. 
Zinc: Octozinic capsules produced by October pharma S.A.E and contain 110 
zinc sulphate heptahydrate. The human therapeutic dose of zinc sulphate 
heptahydrate was converted to rat dose according to Paget and Barnes, (1964) 
that was 20 mg/Kg body weight, dissolved in distilled water and given to rats 
by oral intubations. 
Sodium fluoride: Sodium fluoride was purchased from Sigma Aldrich 
Chemical Co. 
Rats:Thirty-five mature male albino rats of Sprague - Dawley strain weighing 
110±5 g. at age of 9-12 weeks were obtained from Laboratory of Animal 
Colony, Helwan, Egypt. 
Methods:   
     Fresh rhamnus fruits were washed and cleaned with water and dehydrated 
into air circulated oven at 45°C for 24 hrs. Then, dried fruit was crushed to 
powder. Part of the rhamnus dried powder was added to the diet at a level of 5% 
of the diet. The other part of dried powder was used for the preparation of 
ethanolic extract, where, 100 g of rhamnus fruits powdered was soaked in 500 
ml of 80% ethanol with frequent agitation. Clarification was then carried out 
using vacuum filtration through filter paper whatman number 2. The resultant 
extract was concentrated to dryness using a rotary evaporator under reduced 
pressure at a temperature of 40°C. 
Phytochemical analysis of Rhamnus fruits: Types and concentrations of 
polyphenolic compounds were estimated as recommended by (Goupy et al., 
1999). At Laboratory of Food Technology Research Institute, Agriculture 
Research Center, Egypt.  
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Experimental design: 
        The rats were housed in stainless steel cages with wire mesh bottoms and 
maintained in temperature and humidity control with 12 hrs light / dark cycle. 
All rats were allowed to freely access drinking of water and basal diet for seven 
days adjustment to the laboratory environment. The basal diet comprised of 
casein (200g/kg), cornstarch (497g/kg), sucrose (100g/kg), cellulose (30 g/kg) 
,corn oil (50g/kg), mineral mixture (100g/kg) , vitamin mixture (20g/kg) and 
DL-methionine (3g/kg) according to NRC, (1995). The rats were randomly 
divided into 7 groups (each of 5 rats) as follows: 

Group 1:  normal control rats fed on the basal diet.  
Group 2: positive control rats were given NaF (10 mg/kg b.wt) orally once daily 
for 2 weeks as described by Blaszczyk, et al., (2011)  
Group 3: Naf + fed on the basal diet and given zinc 20 mg/Kg b.wt/rats orally.  
Group 4: Naf + fed on formulated diet with 5% rhamnus fruits powder  
Group 5: Naf + 5 ml of rhamnus fruits extract 
Group 6: Naf + 5% rhamnus fruits powder +zinc 
Group 7: Naf + 5 ml of rhamnus fruits extract +zinc 

      The net food intake and gained body weight were used for the 
calculation of Food and protein efficiency ratio (FER&PER) according to 
(Chapman et al., 1950). 

Tissue preparation: 
          The kidney was removed, washed and perfused with normal saline to 
remove residual blood. Kidney tissues were homogenized (model TH 220, 
OMNI, Warrenton, VA, USA) 1:10 (w/v) in ice-cold 140 mM potassium 
chloride at pH 7.4. The homogenates tissues were centrifuged at 3000 rpm for 
10 min at 4 0C, and the supernatants were removed and stored at -80 0C until 
analysis of oxidative stress parameter are performed. 
Biochemical analysis: 
     At the end of the experimental period (6 weeks), rats were sacrificed after 
overnight fasting under ether anesthesia. Blood samples were collected from 
hepatic portal vein in a clean dry centrifuge tube. Then blood samples were left 
to clot at room temperature for 15 minutes, and centrifuged at 3000 rpm for 20 
minutes for serum separate. Serum was carefully separated and transferred into 
clean quite fit plastic tubes and kept frozen at - 20°C until the time of 
biochemical analysis.  
 
Determination of serum lipids: 
        Serum levels of triglycerides were determined according to the method 
of Fossati and Prencipe, (1982). Total cholesterol was determined by 
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colorimetric method according to Allian et al., (1974). High density 
lipoproteins cholesterol (HDL-c) were determined according to the method of 
Gordon and Amer, (1977). Very low density lipoproteins cholesterol (VLDL-
c) and low density lipoproteins cholesterol (LDL-c) were determined according 
to the method of Lee and Nieman, (1996). 
Determination of Total antioxidant status and total oxidation status: 
        Total antioxidant status (TAS) was measured using a commercially 
available kits from Rel Assay Diagnostics (Gaziantep, Turkey). The method 
was based on the reduction of colored 2.20-azino-bis(3-ethylbenzotiazoline-6-
sulfonic acid) (ABTS) radical to a colorless reduced form by antioxidants 
present in the sample. Absorbance was measured spectrophotometrically at a 
wavelength of 660 nm. The method was calibrated using the vitamin E analog 
trolox, and data were expressed as mmol Trolox equivalent (eq.) per liter (mmol 
Trolox eq./L) (Erel, 2004).  
        Total antioxidant status (TOS) was measured using a commercially 
available kit from Rel Assay Diagnostics (Erel, 2005). The method was based 
on the principle that the oxidants in the sample oxidized ferrous ions, 
previously bounded to a chelator to ferric ions. In the acidic medium of the 
assay, these ferric ions formed a colored complex with a chromogen. The color 
intensity was measured spectrophotometrically at a wavelength of 530 nm. This 
assay was calibrated with hydrogen peroxide (H2O2), and the results were 
expressed as lmol H2O2 eq./L. 
 
Determination of liver and kidney functions: 
       Serum alanine aminotransferase (ALT) and aspartate aminotransferase 
(AST) were estimated according to Reitman and Frankel, (1957), alkaline 
phosphatase (ALP) and lactate dehydrogenase (LDH) were determined 
according to Bergmeyer and Horder, (1980) and Vassault, (1983), 
respectively. Total bilirubin was measured according to the method of Reitman 
and Frankel, (1957). Serum creatinine and Uric acid were determined 
according to the methods described by Bartles et al., (1972 and Haisman and 
Muller (1977), respectively. 
 
Histopathological examination: 
        The kidney was subjected to histological examination according to 
Frankel and Reitman (1963).  
 
Statistical analysis:  
        The obtained data were statistically analyzed using computerized SPSS.  
Effects of different treatments were analyzed by one way ANOVA (Analysis of 
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variance) test using Duncan’s multiple range test and p<0.05 was used to 
indicate significance between different groups (Snedecor and Cochran, 1967). 

 
RESULTS AND DISCUSSION 

Polyphenol fractions of Rhamnus fruit (Ziziphusspina Christi): 
      The phytochemical study of rhamnus fruit showed the presence of various 
qualitative and quantities of total polyphenolic compounds Table 1. As it can be 
seen, rhamnus fruit contained higher amounts of chlorogenic acid, nimbolide, 
vanillic acid, ferulic acid, phenolic acids, p-coumaric acid, pyrocatechol, 2′, 3′-
dehydrosalannol, quercetin-3-rhamnoside, caffeic acid, gallic acid, rutin and 
epoxy-azadiradione, respectively.  These results were consistent with Marzouk 
et al., (1999) who reported that flavonol glycosides represent an important part 
in the polyphenolic compounds contained in rhamnus fruits. Cuoco et al., 
(2014) revealed that the flavonol compounds present in green species of 
rhamnus fruits were quercetin, kaempferol, isorhamnetin, rhamnetin, 
rhamnocitrin and rhamnazin. Rocchetti, et al., (2019) showed that mature 
ramnus fruits were rich source of flavonols (glycosidic forms of quercetin and 
kaempferol). The fresh nabak fruit (Ziziphus spina-christi) contained phenolic 
as 1644 mg GAE/100 g (Guizani et al., 2013). Its active constituents include 
flavonoids such as rutin and quercetin derivatives (Jafarian et al., 2014). 
Moreover, Almeer et al., (2018) characterized polyphenolic compounds of 
Ziziphus spina-christi fruit extract as catechin, gallic acid, ellagic acid, 
chlorogenic acid, rutin, isoquercitrin, quercetin, and kaempferol. Those active 
compounds have many biological activities: for example Chlorogenic acid can 
mitigate oxidative and infammatory stresses (Dkhil et al., 2018 and Liang and 
Kitts 2015), quercetin, apigenin, and kaempferol are potent antioxidants (Al-
Olayan et al., 2014). Numerous studies have confirmed the abundant of 
kaempferol and Quercetin in Rhamnaceae family (Boussahel et al., 2013; 
Chaouche et al., 2020; Moussi et al., 2015 and Zeouk, et al., 2020). The 
interesting antioxidant potency of this species has been also demonstrated 
(Ammar et al., 2018 and Bhouri et al., 2011). Moussi et al., (2015) identified 
phenolic compounds of leaves extract of Rhamnus alaternus L were rutin, 
quercetin-3-rhamnoside, kaempferol, p-coumaric acid, ferulic acid, gallic acid, 
luteolin and anthraquinones. These phytochemical families have been 
demonstrated to play a role in antioxidant mechanism of action due to their 
molecular structures (Ammar et al. 2018; Huang and Frankel, 1997 and 
Montoro et al., 2005). Flavonoids as putative examples were considered as 
good electron and hydrogen donors; this character brings to the end of radical 
chain through converting free radicals to more stable compounds (Kelly, 2010). 
Bhouri et al., (2012) isolated two antioxidant flavonoids namely Kaempferol 3-
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O-beta isorhamninoside and Rhamnocitrin 3-O-beta isorhamninoside which had 
capacities to transfer electron leading to an attack against free radicals and then 
combating cellular damage.      
 Table (1): Types and amount of polyphenol fractions of rhamnus 
fruit (Ziziphus spina Christi) 

Phenolic Compounds Total Phenols (ppm) 
Caffeic acid 453.14 
Chlorogenic acid 2519.57 
Ferulic acid 808.26 
p-coumaric acid 624.80 
Gallic acid 445.23 
Vanillic acid 1215.51 
Pyrocatechol 599.16 
Pyrogallol 18.45 
quercetin-3-rhamnoside 504.50 
Rutin 358.23 
Epoxy-azadiradione 113.40 
Nimbolide 2514.15 
Myricetin 29.00 
Quercetin 96.30 
Kaempferol 57.40 
phenolic acids 682.35 
2′, 3′-dehydrosalannol 510.37 

The effect of rhamnus fruit (powder and extract), zinc and their co-
treatment on body weight, body weight gain, food intake and feed 
efficiency ratio (FER). 
        Effect of rhamnus fruits (powder and extract), zinc and their co-treatment 
against sodium fluoride (NaF)-induced oxidative stress on body weight, body 
weight gain, food intake, feed efficiency ratio (FER) and protein efficiency ratio 
(PER) are presented in Table 2. The initial body weights of rats were similar in 
all groups and all of them gave positive body weight gain at the end of the 
experiment. Meanwhile, NaF-treated group recorded the lowest body weight 
gain and food intake as compared with all groups. It was noticed that the treated 
rats with NaF+Zn+ rhamnus fruit (powder and extract were the best mitigating 
ability against NaF toxicity; although, all of rhamnus fruits (powder and extract) 
and zinc showed a positive and protective effect on NaF toxicity. These results 
are in accordance with Nageshwar et al., (2017) and Kumar et al., (2020) who 
reported that the body weight of rats treating with NaF significantly decreased, 
compared with the negative control group. The decreased body weight might be 
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due to reduced food intake or disturbed protein and energy metabolism after 
fluoride ingestion (Chinoy et al., 1991). Yossef et al., (2011) concluded that 
Ziziphus spina-christi fruit significantly increased the body weight and weight 
gain, which decreased by carbon tetrachloride (CCL4). In contrast, Lopes et al., 
(2020) reported that during the experimental period, the fluoride exposure did 
not impair the body weight gain and showed no difference in the beginning, 
middle, and end of exposure protocol (p = 0.05). 

Table (2): Effect of Rhamnus fruit (powder and extract), zinc and 
their co-treatment on Body weight, body weight gain, food intake and 
feed efficiency ratio (FER) of the study groups. 

  Variables            
   

       Groups 

Initial 
Weight 
(g) 

Final  
Weight 
(g) 

Weight  
Gain 
 (g) 

Food  
Intake 
(g/d)) 

FER PER 

G(1): Negative 
control (N-) 

110.55 
±  
3.67a 

203.47 
± 
13.01 a 

92.92 
± 
11.33 a 

16.65 
± 
2.11 a 

0.093 
± 
0.001 a 

0.046 
± 
0.03 a 

G(2): positive 
control (N+) 

110.41 
±  
3.50 a 

154.71 
± 
12.13b 

44.30 
± 
7.71 b 

14.20 
± 
2.17 a 

0.051 
± 
0.002 b 

0.025 
± 
0.01 b 

G(3): zinc 20 
mg/Kg b.w./rats 

112.14 
± 
3.41 a 

190.11 
± 
12.38 a 

80.97 
± 
10.14 a 

15.95 
± 
1.99 a 

0.084 
± 
1.002 a 

0.042 
± 
0.02 a 

G(4): 5% 
Rhamnus 
powder 

109.14 
± 
2.45 a 

189.71 
± 
 11.22 a 

80.57 
± 
8.17 a 

15.90 
± 
2.11 a 

0.084 
± 
0.003 a 

0.042 
± 
0.03 a 

G (5): 5 ml 
Rhamnus  
extract 

113.33 
±  
2.99 a 

199.41 
± 
13.78 a 

91.08 
± 
10.22 a 

16.35 
± 
2.91 a 

0.092 
± 
0.001 a 

0.046 
± 
0.02 a 

G (6): 5% 
Rhamnus 
powder +zinc 

110.22 
± 
3.11 a 

201.14 
± 
12.35 a 

90.92 
± 
11.11 a 

16.55 
± 
2.18 a 

0.091 
± 
0.001 a 

0.045 
± 
0.04 a 

G (7): 5 ml 
Rhamnus  
extract +zinc 

110.34 
± 
3.14 a 

205.11 
± 
14.41 a 

94.77 
± 
11.21 a 

16.75 
± 
2.81 a 

0.094 
± 
0.003 a 

0.047 
± 
0.03 a 

Mean values± SD in each column having different superscript (a, b, ) are significant.   
Effect of Rhamnus fruit (powder and extract), zinc and their co-
treatment on lipid profile:       
        Table (3) shows the changes in serum lipid profiles as a result of different 
treatment. It could be observed that NaF- treated group represented significant 
increases in serum TC, TG, LDL-C and VLDL-C as compared with negative 
control and other treatment groups. On the other hand NaF- treated group 
showed significant decreases in serum HDL-C as compared with all treated 
groups with fruits and Zn. The increment in serum TC, TG, LDL-C and VLDL-
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C were ameliorated in all groups that received rhamnus fruits (powder and 
extract) and zinc. However, G 3 of treated rats with zinc (20 mg/Kg b.w.) 
showed the lowest effect in the lipid improvement against NaF toxicity. From 
these data, it is clear that G6 and G7 had the greatest effect in the decrement of 
TC, TG, LDL-C and VLDL-C and the increment of HDL-C as compared with 
positive control G2 and in some parameters they had no significant changes as 
compared with the negative control G1.  
      In the current study, sodium fluoride administration led to significant 
increases in serum cholesterol and triglycerides, compared with the negative 
control groups, these NaF -alteration in lipid profile are in agreement with the 
obtained results by Al-Harbi et al.,(2014), Khudair and Aldabaj (2014) and 
Abou Anza and Salah Eldin (2015). Conflicting results were also obtained by 
Kanbur et al. (2009) who reported lowering in plasma cholesterol and TG 
levels following NaF administration. Enzymes inhibited by fluoride 
(triglyceride lipase, unspecific esterase and pyrophosphates) were suggested to 
be responsible for the rise in serum triglycerides and cholesterol. Moreover, 
fluoride was found to cause hypercholesterolemia due to lowering of insulin 
level (Garcia-Montalvo et al., 2009). Also, NaF intoxication increased lipid 
peroxidation and loss of membrane integrity might be important in altered lipid 
metabolism and closely associated with the observed hyperlipidemia (Abdel-
Wahab, 2013). Yossef et al., (2011) concluded that Ziziphus spina-christi fruit 
extract restores significantly normal levels of serum cholesterol, triglyceride, 
LDL and VLDL as compared to the elevated level induced by CCL4. 
Tacherfiout et al., (2018) found that oral treatment with 200 mg/kg b.wt and 
400 mg/kg b.wt of rhamnus leaves extract decreased serum triacylglycerols by 
70% and 42%, and serum total cholesterol by 60% and 40%, respectively, 
relative to the hyperlipidemic control group.  Flavonoids derivatives from R. 
alaternus leaves showed a similar positive impact on murine preadipocyte 3T3-
L1 cellular model. The hypolipidemic activity of rhamnus fruit is likely to be 
due to its flavonoids content. Flavonoids or flavonoid-rich extracts have been 
reported to lower serum lipids in diverse animal models of hyperlipidemia, 
through a variety of mechanisms. These include: down-regulating the 
production of intestinal-associated lipoprotein apoB48 (Ma et al., 2015), 
inhibiting the activity of hepatic HMG-CoA reductase (Khamis et al., 2017 and 
Kuang et al., 2017), inhibiting hepatic lipogenesis through suppressed 
expression of SREBP1 and fatty acid synthase (Bao et al., 2016 and Kuang et 
al., 2017) and stimulating hepatic fatty acid oxidation (Chang et al., 2011 and 
Mulvihill et al., 2011). 
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Table (3): Effect of Rhamnus (powder and extract), zinc and their co-
treatment on Lipid profile.  
  Variables                    
               

       Groups

Total Cholestrol
TC 

(mg/dl) 

Triglycerides
TG 

(mg/dl) 

HDL-c 
(mg/dl) 

LDL-c 
(mg/dl) 

VLDL-c 
(mg/dl) 

G(1): Negative 
control (N-) 

85.37± 
4.16 d 

67.13± 
5.97  d 

39.50± 
2.29a 

29.24± 
9.99e 

13.51± 
0.59d 

G(2): positive control 
(N+) 

118.23± 
9.71 a 

106.55± 
10.66 a 

25.23± 
2.37c 

78.87± 
6.55 a 

21.47± 
2.13a 

G(3): zinc 20 mg/Kg 
b.w./rats 

110.46± 
8.26 b ** 

89.79± 
6.14  b 

31.17± 
3.76b 

60.14± 
5.76b 

17.85± 
0.63b 

G(4): 5% Rhamnus 
powder 

98.75± 
7.44 c 

78.67± 
5.22bc 

32.53± 
3.02b 

48.57± 
3.34c 

15.79± 
1.04bc 

G (5): 5 ml Rhamnus  
extract 

93.27± 
6.89  c 

72.48± 
5.42cd 

37.70± 
2.07a 

39.91± 
3.66d 

15.17± 
0.28cd 

G (6): 5% Rhamnus 
powder +zinc 

91.27± 
6.89  c 

70.48± 
5.42cd 

37.99± 
2.07a 

37.51± 
3.66d 

14.91± 
0.28cd 

G (7): 5 ml Rhamnus  
extract +zinc 

90.66± 
6.89  c 

69.18± 
5.42cd 

38.10± 
2.07a 

35.21± 
3.66d 

14.17± 
0.28cd 

Mean values± SD in each column having different superscript (a, b, ) are significant.               
 
Effect of Rhamnus fruit (powder and extract), zinc and their co-
treatment on liver and kidneys functions: 
         Table (4) shows a comparison between negative control group, NaF-
treated group, NaF+Zn-treated group, NaF+ rhamnus fruits (powder and 
extract)-treated groups and NaF+Zn+ rhamnus fruits (powder and extract)-
treated groups, as regards of liver and kidney parameters. Significant increases 
were noticed in NaF-treated group in compare to the negative control group and 
all treatment groups as regards of all experimental parameters except, total 
bilirubin it showed a significant decrease. The most significant amelioration 
was observed in the NaF+zn+ rhamnus fruits (powder and extract)-treated 
groups (G6 and G7) at the level of serum biomarkers related to hepatic 
dysfunction (AST, ALT, ALP and lactate dehydrogenase activities and total 
bilirubin level) and kidney function (creatinine and uric acid levels)  suggesting 
a potential protective role of rhamnus fruit against NaF-induced hepatic 
damage. These results are in parallel with those obtained by Abou Anza and 
Salah Eldin (2015) and Pratt and Kaplan, (2005) who showed that oral 
administration of NaF induced a significant increase in serum liver enzymes 
(AST, ALT, ALP and total bilirubin and kidney enzymes; creatinine and Urea 
(Iheka et al., 2015). These indices usually reflect hepatocyte integrity and 
cholestasis and their elevation indicates hepatocellular damage. AL-Harbi et 
al., 2014; Atmaca et al., 2014 demonstrated that the induction of both 
pathomorphological and metabolic changes in the liver by exposure to fluoride. 
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As a site of active metabolism, the liver can be especially susceptible to fluoride 
toxicity (Shashi and Thapar, 2001). NaF-induced cytotoxicity and necrotic 
death of hepatocytes can be related to toxic fluoride effects ultimately leading 
to cell death. These cellular events include an induction of inflammatory 
reactions, inhibition of protein synthesis and cell cycle progression, oxidative 
stress, and DNA damage. The molecular mechanisms underlying fluoride-
induced apoptosis include the stimulation of G protein dependent signaling 
systems, oxidative stress, ATP depletion, activation of the cell surface death 
receptors, disruption of outer mitochondria membrane, alterations in the ratio of 
anti-apoptotic-apoptotic Bcl-2 proteins, upregulation of p53 expression, 
expression of apoptosis-related genes, endoplasmic reticulum stress and 
disturbances in protein synthesis (Ghosh et al., 2008 and Agalakova and 
Gusev, 2013). Ziziphus spina-christi fruit extract restores normal levels of 
ALT, AST and ALP in serum reduced the CCL4-induced levels of ALT and 
AST (Shen et al. 2009 and Yossef et al., 2011). It can be concluded that NaF 
induced a hepatic damage, which represented in elevating markedly activities of 
ALT and AST in serum. Guizani et al., (2013) stated that the treatment of rats 
with 175mg GAE/kg b. wt (per week) Ziziphus spina-christi fruit extract for 16 
weeks produced no functional disturbances in liver and kidney and no 
haematological changes were detected as well as Ziziphus spina-christi fruit 
significantly ameliorated the Azoxymethane -induced Oxidative Stress. 
          Absorbed fluoride is carried by the blood, causes metabolic disturbances 
in the body (Sahay, 1986). The major rout for the removal of fluoride from the 
body is by the kidney. Kidney is the primary target for fluoride toxicity 
(Inkiewicz and Krechniak  2003). Disturbances in kidney function influenced 
by fluoride have been reported by numerous authors (Birkner et al., 2006; 
Grucka-Mamczar et al., 2003 and Sashi et al., 2002). High concentrations of 
fluoride usually lead to kidney damage included tubular degeneration, 
inflammation and fibrosis (Dote et al., 2000). Concurrently, fluoride caused 
degeneration and necrosis of the tubular cells, renal tubular hyaline casts and 
glomeruli swelling (Luo et al., 2017) found that fluoride in excess of 12 mg/kg 
are induced renal oxidative damage, which was characterized by the alteration 
of renal function parameters including elevated contents of serum creatinine, 
serum uric acid, blood urea nitrogen, and the activities of urinary N-acetyl-b-D-
glucosaminidase, renal lactate dehydrogenase (LDH), and reduced activities of 
sodium-potassium adenosine triphosphatase (Na+/K+-ATPase) and acid 
phosphatase (ACP) in the kidney. 
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Table (4): Effect of Rhamnus (powder and extract), zinc and their co-
treatment on liver and kidney functions 
   Variables 
 
 
Groups 

 
AST 
(µ /ml) 

 
ALT 
(µ /ml) 

 
ALP 
(µ /ml) 

 
LDH  
(Umg/dl) 

 
Total 
bilirubin 
(mg/dl) 

 
Creatinine 
(mg/dl) 

 
Uric acid 
(mg/dl) 

G(1): Negative 
control (N-) 

41.17 
± 
5.81b 

13.35 
± 
1.12b 

30.17 
± 
5.66 b 

354 ± 
28.11e 

39.50± 
3.29a 

0.77 
± 
0.01 b 

1.83 
0.26c 

G(2): positive 
control (N+) 

72.39± 
9.61 a** 

28.55± 
3.35 a** 

50.38± 
5.81 a** 

857.56± 
37.55a** 

28.23± 
2.37c** 

1.95 
±0.11 a** 

4.41 
±1.01 a*** 

G(3):zinc 20 
mg/Kg b.w./rats 

49.37 
± 
6.01 b 

15.71 
± 
1.81 b 

37.80 
± 
4.11 b 

450.14± 
24.76b 

31.17± 
3.76b 

0.99 
± 
0.02 b 

2.11 
± 
0.81b 

G(4):5% 
Rhamnus 
powder 

51.14 
± 
8.10 b 

16.28 
± 
2.01 b 

38.73 
± 
4.37 b 

423.57± 
23.34c 

33.53± 
3.02b 

0.88 
± 
0.12 b 

2.41 
± 
0.77 b 

G(5):5ml 
Rhamnus  
extract 

48.21 
± 
6.15 b 

18.13 
± 
3.51 b 

38.34 
± 
5.01 b 

406.91± 
21.66d 

35.70± 
2.07a 

0.75 
± 
0.13 b 

2.17 
± 
0.67 b 

G(6):5% 
Rhamnus 
powder +zinc 

40.21 
± 
4.13 b 

14.11 
± 
3.65 b 

32.11 
± 
3.11 b 

402.10± 
22.66d 

37.10± 
2.03a 

0.70 
± 
0.15 b 

1.74 
± 
0.74 c 

G(7):5ml 
Rhamnus  
extract +zinc 

43.19 
± 
4.61 b 

15.31 
± 
3.66 b 

35.30 
± 
2.99 b 

396.20± 
22.66d 

38.35± 
2.01a 

0.98 
± 
0.18 b 

2.25 
± 
0.16 b 

Mean values± SD in each column having different superscript (a, b,) are significant.                  
AST: aspartate transferase         ALT:  alanine aminotransferase         ALP: alkaline phosphatase         
 LDH: lactate dehydrogenase 
Effect of Rhamnus (powder and extract), zinc and their co-treatment 
on oxidative status levels: 
         In the present study, exposure to sodium fluoride increased total oxidant 
status (TOS) antioxidant enzyme and decreased total antioxidant status (TAS) 
as shown in Table 5, suggesting an impaired function of antioxidant defense 
system. However, supplementation of NaF intoxicated groups with rhamnus 
fruits (powder and extract), zinc and their co-treatment restored antioxidative 
homeostasis. This was evidenced by increased assayed markers of the 
endogenous antioxidant system (TAS) with concomitant decrease of markers of 
oxidative stress mediated damage (TOS).    
           Numerous studies linked increased oxidative stress to F exposure 
(Grucka-Mamczar et al., 2009; Nabavi et al., 2013). The measure of total 
antioxidant capacity (TAC) generally considers the cumulative action of all the 
antioxidants present in plasma and body fluids, thus provides an integrated 
parameter rather than the simple sum of measurable antioxidants (Ghiselli et 
al., 2000). NaF intoxicated groups showed significant alterations of 
hematological and biochemical indices with significantly depleted superoxide 
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dismutase enzymes (SOD), decreased TAC and concomitant increase in 
TBARS and AOPP (Abou Anza and Salah Eldin, 2015). Similar results have 
been reported by Sarkar et al., (2014) they showed that the combined effect of 
reductions in antioxidant enzyme activity plus high levels of lipid peroxidation 
is associated with deleterious oxidative changes due to the accumulation of 
toxic products in F-treated rats. Therefore, enhancing endogenous antioxidant 
status by administrating exogenous compounds can provide an effective 
strategy to prevent and reverse NaF-induced toxicity (Wessam, 2013). Lopes et 
al., 2020 found that fluoride exposure decreased antioxidant capacity against 
peroxyl radicals (ACAP) levels at 10 mg F/L and 50 mg F/L groups compared 
to the control group. 
Oral administration of 200 mg/kg b.w. of Z. spina-christi leaf extract either 
plain in STZ-diabetic rats for 28 days resulted in significant reduction in blood 
glucose level together with significant rise in serum insulin, C-peptide levels 
and TAC (Michel et al., 2011). Farag et al., (2015) concluded that kidney and 
liver injury due to cyclosporine can be significantly decreased by thymoquinone 
which resets the oxidant /antioxidant balance of the affected organ through 
scavenging the free radicals. Currently, the use of phytochemicals as a therapy 
in diseases related to oxidative stress has gained immense interest for their 
ability to quench free radicals and their capability to protect body tissues 
against oxidative stress (Nabavi et al., 2012). Guizani et al., (2013) stated that 
the mean TAC values among the control and Ziziphus spina-christi fruit groups 
were observed insignificant differences. Ziziphus spina-christi fruit-
administration abrogated the Azoxymethane-induced TAC impairment. Amin 
and Ghoneim (2009) and Yossef et al., (2011) demonstrated that treatment of 
Ziziphus spina-christi fruit effectively protected against carbon tetrachloride-
induced liver damage by restoring the normal levels of lipid peroxidation and 
retaining the activities of endogenous anti-oxidants. Moreover, Mubaraki 
et al., (2017) found that Ziziphus spina-christi extract treatment markedly 
reinstated the levels of oxidative markers and enhanced antioxidant enzyme 
activities in mice with cerebral malaria. Dkhil et al., (2018) indicated that 
Ziziphus spina-christi fruit extract significantly and dose-dependently inhibited 
sepsis induced liver and spleen injury. These results suggest that it could 
provide a therapeutic agent for sepsis by inducing antinflammatory and 
antioxidant effects. High total polyphenols and flavonoids content of the R. 
alaternus extracts may be corroborated with the antioxidant and antigenotoxic 
activities (Ammar et al., 2007). The antilipid peroxidation activity of various 
extracts from R. alaternus, produced using the Soxhlet extraction method, was 
estimated by calculating the values of malondialdehyde (MDA) in cultured 
K562 human chronic myelogenous leukemia cells (Ammar et al., 
2011). Rhamnus alaternus extracts containing total oligomer flavonoids (TOF) 
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and ethyl acetate (EA) inhibited lipid peroxidation at a concentration comprised 
within 200–800 µg/mL, the best activity being observed at the highest 
concentration (800 µg/mL). In this study, the IC50 values of TOF and EA 
extracts were determined at 196 and 265 µg/mL, respectively. In comparison, a 
value of 17 µg/mL was obtained for vitamin C, used as reference substance. 
Some flavonoids with antioxidant activity are described for Rhamnus species, 
like rutin, quercetin, kaempferol and rhamnocitrin (Bhouri et al., 2011 and 
Moussi et al., 2015). The ability to inhibit or prevent oxidative damage can be 
associated with the treatment and prevention diseases, especially those who 
own physiopathology associated with oxidative stress. Extracts of two 
Rhamnaceae family: Ziziphus jujuba Mill and Rhamnus alaternus L have 
antioxidant properties at different concentrations, with better activity for R. 
alaternus L leaves Chaouche et al., (2020). Chen et al., (2020) confirmed 
flavonoids and their glycosides were the major ingredients of R. prinoides and 
potentially responsible for its strong antioxidant and anti-inflammatory 
activities. 
Table (5): Effect of Rhamnus (powder and extract), zinc and their co-
treatment on oxidative status levels. 
   Groups 
 
 
Variables 

G (1): 
Negative 
control (N-)

G(2): 
positive 
control 
(N+) 

G(3): 
zinc 20 
mg/Kg 
b.w./rats

G(4): 5% 
Rhamnus 
powder 

G (5):5 ml 
Rhamnus  
extract 

G (6): 5% 
Rhamnus 
powder 
+zinc 

G (7): 5 ml 
Rhamnus  
extract 
+zinc 

TAS 
(mmol Trolox 
eq./L) 

1.39± 

0.13a 

0.82± 

0.08 c 

1.05± 

0.05 b 

0.94± 

0.03 b 

1.46± 

0.04 a 

1.11 
± 
4.13 b 

1.29 
± 
4.61 b 

TOS 

(lmol H2O2 
eq./L) 

4.14± 

0.39d 

9.17± 

0.38 a 

7.10± 

0.21 b 

6.50± 

0.40 b 

5.53± 

0.40b 

4.90± 

0.25c 

4.53± 

0.41c 

Mean values± SD in each column having different super    script (a, b, c, d ,e) are significant             
 TAS: Total antioxidant status                  TOS: Total oxidant status                      
Effect of Rhamnus (powder and extract), zinc and their co-treatment 
on oxidative status of the kidneys  
        Table 6 shows comparison of negative control group, NaF-treated group, 
NaF+Zn-treated group, NaF+ rhamnus fruit (powder and extract)-treated groups 
and NaF+Zn+ rhamnus fruit (powder and extract)-treated groups, regarding to 
oxidative status of the kidneys. Significant decreases were noticed in NaF-
treated group in comparison to the negative control group and all other treated 
groups with regard to total antioxidant status (TAS). The most significant 
amelioration was observed on the NaF+zn+ rhamnus fruit (powder and extract) 
-treated groups (G6 and G7). However, significant increases were noticed in 
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NaF-treated group in comparison to the negative control group and all other 
treated groups with regard to total oxidant status (TOS). It could be noticed that 
there were no significant differences between negative control and NaF+Zn-
treated group, NaF+ rhamnus fruit (powder and extract) -treated groups and 
NaF+Zn+ rhamnus fruit (powder and extract)-treated groups. The observed NaF 
-induced TOS increment and TAS impairment represents an evidence of kidney 
oxidative stress. These results are consistent with the previous studies 
conducted that showed NaF at a dose of 50 mg/l increased excretion of fluoride 
in urine, promoted the activity of urine gamma-glutamyl transpeptidase 
(gamma-GT), inhibit the activities of serum glutathione peroxidase (GPX) and 
kidney superoxide dismutase (SOD), reduce kidney glutathione (GSH) content, 
and increased kidney malondialdehyde (MDA) (Yu  et al., 2006). NaF at a dose 
of 50 mg/l also induced rat renal apoptosis, reduced the cell number of G2/M 
phases in the cell cycle, and decreased DNA relative content significantly. 
Selenium and zinc inhibited the effects of NaF on oxidative stress and 
apoptosis, promoted the cell number of G2/M phases in the cell cycle) اين
)المرجع . Yu et al., (2002) suggested that NaF could induce apoptosis and change 

the cell cycle in rat renal cells and Se and Zn could antagonize apoptosis and 
the changes of cell cycle induced by NaF.  
 
Table (6): Effect of Rhamnus (powder and extract), zinc and their co-
treatment on oxidative status of the kidneys  

   Groups 
 
 
Variables 

G(1): 
Negative 
control 
(N-) 

G(2): 
positive 
control 
(N+) 

G(3): 
zinc 20 
mg/Kg 
b.w./rats

G(4): 5% 
Rhamnus 
powder 

G (5):5 ml 
Rhamnus  
extract 

G (6): 
5% 
Rhamnus 
powder 
+zinc 

G (7): 5 ml 
Rhamnus  
extract 
+zinc 

kidney-TAS  
(mmol Trolox 
eq./L) 

1.99± 
0.23a 

0.95± 
0.11b 

1.03± 
0.09 ab 

1.45± 
0.09a 

1.66± 
0.10 a 

1.81 
± 
4.13 b 

1.90 
± 
4.61 b 

kidney-TOS 
 (lmol H2O2 
eq./L) 

5.66± 
0.39b 

8.37± 
0.38a 

5.62± 
0.21 b 

7.82± 
0.40 b 

6.68± 
0.40b 

6.03± 
0.40b 

5.98± 
0.41b 

      Mean values± SD in each column having different superscript (a, b,) are significant  
      TAS: Total antioxidant status                           
      TOS: Total oxidant status                      
 
Histopathological of the kidneys:- 
         The histological alterations, including hypertrophy of glomerular tuft and 
thickening of parietal layer of Bowmanʼs capsule of NaF-treated rats, whereas 
rhamnus (powder and extract), zinc and their co-treatment rats showed 
ameliorative effects and controlled the histological alterations. Kidneys have a 
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prominent role in fluoride metabolism, where, 50–80% of fluoride is removed 
via urinary excretion (Xiong et al., 2007). Not surprisingly, the kidney is one of 
the major organs affected by fluoride intoxication, and numerous studies have 
established a close correlation between fluoride intake and renal injury. Hence, 
chronically intoxicated rats with sodium fluoride (NaF) have displayed 
histological renal changes, interstitial edema, tubular destruction, and 
glomerular and medullary hyperemia. Hand in hand with the typical kidney 
pathology, fluoride-intoxicated rats showed an increased rate of reactive oxygen 
species (ROS) generation and lipid peroxidation (Kobayashi et al., 2009). 
Moreover, the histopathological changes in kidneys of chronic fluoride 
intoxication rats were mainly in the form of vacuolization and necrosis of 
tubules, atrophy of glomeruli, interstitial oedema, and interstitial nephritis. 
Investigators have explored the mechanism of renal lesion induced by excessive 
fluoride, consequently, collected numerous biological evidences, including 
oxidative  stress  (Xu  et  al.,  2005),  apoptosis  (Xu  et  al.,2002),  and  signal  
transduction  (Murao  et  al.,  2000). In addition to, degeneration and necrosis 
of the tubular cells, glomeruli swelling as well as the renal tubular hyaline casts 
were observed in the experimental groups (Luo et al., 2017). Also, these 
histopathological lesions induced by fluoride are changed in a dose- and time-
dependent manner. In high doses of NaF, the cytoachitecture of the kidneys 
exhibited increasing in the amounts of cloudy swellings, degeneration of 
tubular epithelia, tissue necrosis, extensive vacuolization in renal tubules, 
hypertrophy and atrophy of glomeruli, exudation, interstitial oedema, and 
interstitial nephritis. These changes in the kidneys result in impaired renal 
function in chronic fluoride intoxication (Shashi et al., 2020). 

 

 

Photo (1): Kidney of rats from (normal control) healthy group showing the 
normal histological structure of renal parenchyma ( H and E X400) 
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Photo (2): Kidney of rat from control (+ve) group showing hypertrophy of 
glomerular tuft and thickening of parietal layer of Bowmanʼs capsule (H 
and E X400) 

 
Photo (3): Kidney of rat from group 3 showing apparent normal renal 
parenchyma (H and E X 400). 

 
Photo (4): Kidney of rat from G4 showing congestion of renal blood vessels 
(H and E × 200). 

 

Photo (5): Kidney of rat from G5 showing revealed cystic dilatation of 
renal tubules with cellular cast in their lumen (H and E × 200). 
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Photo (6): Kidney of rat from G6 showing cystic dilatation of renal tubules 
(H and E X 400). 

 

Photo (7): Kidney of rat from G7 showing no histopathological changes (H 
and E X400). 

Conclusion: Administration of NaF caused biochemical and histopathological 
alternations and oxidative stress is a considered one of the main contributors to 
these changes. Treated NaF intoxicated rats with rhamnus fruits (powder and 
extract), zinc and their co-treatment caused ameliorated these effects.  

Recommendations: Further studies to investigate the effect of NaF on other 
body organs and to explore the role of selected polyphenols compounds 
derivative from fruit which having antioxidant properties are recommended. 
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 الملخص العربى
التأثيرات التحسينية لفاكهة النبق على الإجهاد التأكسدي الناجم عن فلوريد الصوديوم 

 في الفئران
استخدام مركباته على نطاق الفلوريد على نطاق واسع في الطبيعة بأشكال عديدة ويتم  ينتشر      
ولقد تم . زيادة الإجهاد التأكسدي بالأنسجة الرخوة في من التأثيرات السامةالعديد للفلورايد  يُقترح ان. واسع

وفقًا لذلك ، . Rhamnaceaeوصف الخصائص المضادة للالتهابات ومضادات الأكسدة لأنواع عائلة 
فاكهة لمسحوق ومستخلص  وقائية المحتملةللتحقيق في التأثيرات ال لبحثتم إجراء هذا ا

الى تأثيرهم المشترك ضد  بالإضافةوكذلك الزنك  Rhamnus Ziziphus spina-christi Lالنبق
تم تقسيم خمسة  و .في ذكور الجرذان البيضاء) NaF(الإجهاد التأكسدي الناتج عن فلوريد الصوديوم 

المجموعة الضابطة السالبة تتغذى على النظام ) ١(المجموعة . مجموعات متساوية ٧وثلاثين فأرا إلى 
تم تتغذي علي الغذاء الاساسي كما المجموعة الضابطة الموجبة ) ٢(المجموعة . الغذائي الأساسي

الفم مرة واحدة يوميًا  قعن طري) NaF(كجم من وزن الجسم فلوريد الصوديوم / مجم  10إعطاءها  
 ٢٠تم اعطاؤها الزنك بنسبة  تتغذي علي الغذاء الاساسي كما ):٣(المجموعة الثالثة . لمدة أسبوعين

كجم من وزن / مجم  10تم إعطاءها  ): ٤(المجموعة . عن طريق الفم كجم من وزن الجسم/ مجم
. مسحوق فاكهة النبقمن ٪ ٥ بــ عمو تتغذي علي الغذاء الاساسي المد )NaF(الجسم فلوريد الصوديوم 

تم اعطاؤها  و )NaF(كجم من وزن الجسم فلوريد الصوديوم / مجم  10تم إعطاءها   ):٥(المجموعة 
كجم من / مجم  10تم إعطاءها   ):٦(المجموعة  .عن طريق الفم مل من مستخلص فاكهة النبق ٥

مسحوق فاكهة من ٪ ٥ ساسي المدعم بــالغذاء الاتتغذي علي  و )NaF(وزن الجسم فلوريد الصوديوم 
كجم من وزن الجسم فلوريد الصوديوم / مجم  10تم إعطاءها  ):  ):٧(الزنك والمجموعة + ٪ ٥النبق 

)NaF( الحيوانات و الحصول ذبح في نهاية التجربة تم . زنك+ مل من مستخلص فاكهة النبق  ٥ و
) TG(والدهون الثلاثية  HDL-C  ،LDL-C  ،VLDL-C الكوليسترول الكلي، ديرعلى مصل الدم لتق

تم أيضًا تقييم مؤشرات الأكسدة بما في ذلك حالة مضادات . ، بالإضافة إلى إنزيمات الكبد والكلى
الى  بالإضافةللكلى ) TOS(و ) TAS(وكذلك ) TOS(وحالة الأكسدة الكلية ) TAS(الأكسدة الكلية 

  .التغيرات النسيجية المرضية للكلى
تغيرات كبيرة في المؤشرات البيوكيميائية مع انخفاض كبير في  NaFمجموعات نتائج أظهرت  :تائجالن       

TAS  و ارتفاعTOS . التغيرات الكيميائية  تحسن وخليطهم ادي إليالنبق والزنك ان كلاً من فى حين
  .  ىو يرجع ذلك لخصائصه المضادة للأكسدة عل NaFالحيوية والنسيجية في الكلى التي سببها 

سبب في تلف كبد وكلى الفئران يت NaF تناول أظهرت النتائج التي تم الحصول عليها أن :الاستنتاجات       
فاكهة النبق والزنك ضد  لوقائية المحتملة لثماركما تشير إلى الآثار ا .عن طريق زيادة الإجهاد التأكسدي

  .الإجهاد التأكسدي الناجم عن الفلوريد
  . TAS  ،TO Sفلوريد الصوديوم، النبق، الزنك، الإجهاد التأكسدي،  :الكلمات المفتاحية


