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and amelioration by CoQ10 
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Abstract 
The present study was aimed to explore the protective role of Co enzyme Q (Co Q10) an antioxidant on 

hepatic dysfunction induced by sodium fluoride (SF) in adult male Wister rats. Twenty adult male rats 

were randomly assigned into four equal groups(five animals in each groups) and treated for 42 days daily 

as follows: first group was drenched drinking tap water, serving as control (group C),second group 

(group G1) received sodium nitrate 100ppm in drinking tap water to induce of liver toxicity along the 

experiment, third group (group G2) received sodium nitrate 100ppm in drinking tap water and was 

ameliorated with CoQ10 (10 mg /Kg. B.W) orally, while fourth group (group G3) were administered 

orally with CoQ10 at dose of 10 mg /Kg. B.W only. Fasting blood samples were collected at 0, 21, and 

42 days of the experiment from orbital sinus to assess serum concentrations of total serum protein (TSP), 

albumin, globulin and total bilirubin (TB), as well as, aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and alkaline phosphatase (ALP) activities. At the end of the experiment sections 

from the liver were obtained for histopathological study. The results revealed that rats received sodium 

fluoride (G1) caused significant decrease in total serum protein and albumin concentrations, whereas 

significant increase in ALT, AST, ALP and total TB concentrations accompanied with histopathological 

changes in liver tissue sections as compared to control and other treated groups. On the other hand, the 

protective role of CoQ10 was clarified in groups G2 including correction of above mentioned liver 

function testes and histopathological changes. In conclusion, the results of this study confirmed the 

protective role of CoQ10 as antioxidant against hepatotoxicity induced by sodium fluoride in adult rats. 
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Introduction 
Fluoride anions are present in water sources, ground water and drinking water as they are 

released from the run of fluoride- containing rocks and soils and filtered into water, thus the 

consumption of such water is typically instrumental to daily fluoride intake [1, 2]. Inorganic 

fluorine are used in aluminium production and as a flux in the steel, glass fiber industries and 

wood preservatives [3], besides, it is commonly used in pesticides, fungicides and insecticides, 

various types of adhesives, glues and as a preservative [4]. Sodium fluoride compounds are 

used in the form of fluorinated water, tooth paste, mouth washes and fluoride tablets for 

prevention of dental caries [5, 6], therefore, the exposure of populations to fluoride compounds 

has become significant [2]. ten Cte, (2013) [7] reported that fluoride reduces the decay of teeth 

enamel via reduce the rate of tooth enamel demineralization and an increase in the rate of 

remineralization of teeth. 

Anjum et al., [8] revealed that the fluoride caused impairment liver function, causing decrease 

in metabolic activities such as glycolysis, oxidative phosphorylation and lipid peroxidation, 

increased serum indices of liver function tests, inhibit certain antioxidant enzymes and 

molecules [9]. It also increase intracellular levels of the superoxide radical [10] disturbed of lipid 

profile [11]. Hens treated with sodium fluoride in ration showed mild or severe enlargement of 

their liver [12]. Some studies have shown that exposure to sodium fluoride caused a reduction in 

the protein content in the serum and liver [13, 14, 15]. Domestic animals consumption 

contaminated food and water with superphosphate fertilizer were suffering from signs of 

dental discoloration, difficulty in mastication and weakness [1, 16].  

Coenzyme Q10 is a fat soluble vitamin-like substance found in highest concentrations in heart, 

liver, kidney, pancreas and brain, while the lowest concentrations are found in the lungs and it 

is required for the proper functioning of many organs and chemical reactions in the body [17]. 

As well as CoQ10 is present in all cell membranes of endoplasmic reticulum, peroxisomes,  



 

~ 888 ~ 

Journal of Entomology and Zoology Studies 
 

lysosomes, and the inner membrane of mitochondria [18]. It is 

a component of the electron transport chain and participates in 

aerobic cellular respiration, generating high percentage of 

energy in the form of ATP. Furthermore, CQ10 can be 

synthesized in the laboratory and is used both as a medicine 

and as a food supplement. Thus CoQ10 considered as the 

third most sold dietary supplement in the United States after 

omega-3 fatty acids and multivitamins [19]. CoQ10 has gained 

considerable attention as a dietary supplement capable of 

influencing cellular bioenergetics and counteracting some of 

the damage caused by free radicals [20, 21]. Some researches 

demonstrated the protective effects of CoQ10 in various 

models of oxidative and inflammatory tissue damage against 

the deleterious effects of inflammatory and reactive oxygen 

species (ROS) tissues damage via its antioxidant properties 
[22-26]. Considering the protective effects of Co Q 10 as 

antioxidant. The current experiment was aimed to investigate 

the role of CoQ10 to alleviating the sodium fluoride- induced 

alterations on liver functions in adult male rats. 

 

Materials and Methods 

Adult male Swiss albino rats (190–250 g body weight) were 

housed in cages with good ventilation and illumination in the 

animal house of the College of Veterinary Medicine - 

University of Baghdad and had free access to water and 

standard rodent chow. They were left for two weeks for 

acclimatization with the experimental conditions. 

Twenty rats were divided randomly into four equal groups (5 

rats /group)and were handled daily as follows for 42 weeks 

:group C, rats in this group received dimethylsulfoxid 

(DMSO) 1% and served as control ; group G1, rats were 

administered sodium fluoride (SF) in tap water 100 ppm; 

group G2, rats in this group were intubated daily CoQ10 at 

dose of 10 mg/kg BW and administered sodium fluoride (SF) 

in tap water 100 ppm, Group g3, rats in this group were 

intubated CoQ10 at dose of 10 mg/kg BW only. Fasting blood 

samples were collected using gel-tube at 21 and 42 days of 

the experimental periods from anesthetized, (by i/m injection 

of Ketamine 90mg/kg B.W. and Xylazine 40mg/kg B.W.), 

using retro-orbital Sinus technique [27]. Then samples were 

centrifugation for 15 minutes at 3000 rpm. and sera were 

isolated and frozen at -18 °C until analysis. Then, the 

following parameters was estimated, using kits (product of 

Bio Systems, Agappy- Switzerland), including: total serum 

protein (TSP) was determined according to Henry et al., 

(1974) [28], albumin as described by Doumas et al., (1971) [29], 

globulin was calculating by subtracting serum albumin from 

total serum protein and total bilirubin(TB) according to 

Walters and Gerarde, (1970) [30] concentration, as well as, 

aspartate aminotransferase (AST) and alanine 

aminotransferase activity (ALT) activities was estimated as 

described by Ritman and Frankel,(1957) [31] and alkaline 

phosphatase activity (ALP) level was determined according to 

Henry,(1964) [32]. At the end of the experiment the animals 

were sacrificed and sections from the liver were obtained for 

histopathological study. Statistical analysis of data was done 

using SPSS software version 9.1. using Two-Way Analysis of 

Variance (ANOVA) followed by post hoc least significant 

difference (LSD) test. Results were expressed as mean ± SE 

(standard error). For all analysis, the level of statistical 

significance was set at P<0.05 [33]. 

Results  

The results showed a significant (P<0.05) decrease in total 

serum protein concentration at 21 and 42 days of the 

experiment in groups G1 and G2 compared with control and 

G3 groups (figure-1) Meanwhile, combination of sodium 

fluoride and CoQ10 (group G2) caused significant (P<0.05) 

increase in TSP concentration at the end of the experiment 

comparing to group G1. Within the time, a significant 

(P<0.05) decrease in TSP were observed in G1 at 21, 42 days 

and in G2 at 21 days comparing to zero time. Statistical 

analysis of the mean values of serum albumin concentration 

illustrate a significant (P<0.05) decrease in this parameter in 

G1(SF) and G2 (SF plus CoQ10) treated groups at 21 and 42 

days, comparing to control and G3 (figure-2). The other hand, 

exposure of rats to SF in combination with CoQ10 (G2 group) 

caused significant (P<0.0.5) increase in serum albumin 

concentration at 42 days comparing to SF treated group 

Within the time a significant (P<0.05) decrease in this 

parameters was observed in G1 group to the value in zero 

time. Figure-3 clarified that there was no significant (P>0.05) 

differences in globulin concentration between experimental 

groups at all periods of treatment.  

After 21 days of administration of SF concurrently with 

CoQ10 there was a significant (P<0.05) increase in serum 

bilirubin concentration compared to control and G3 groups. 

The results showed a significant (P<0.05) elevation in this 

parameter in G1 and G2 groups and continued to day 42 of 

the experiment compared to control and G3 groups (figure-4). 

Furthermore, a significant (P<0.05) decrease was observed in 

G2 group at two experimental periods (21 and 42 day) 

compared to G1 group, whereas no significant (P>0.05) 

differences was recorded between G3 and control groups at 

the same periods.  

Figures 5, 6 and 7 illustrated a significant (P<0.05) increase 

in serum activity of AST, ALT and ALP enzymes in groups 

G1 and G2 at two treated periods of the experiment as 

compared to control. Whereas, at the end of the experiment 

rats received SF in drinking water concurrently with CoQ10 

(group G2) manifested a significant (P<0.05) decrease in 

values of these enzymes comparing to the values in G1 treated 

group. With exception of G3, the results recorded a 

significant differences (P<0.05) in values of theses enzymes 

at two experimental periods as compared to pretreatment 

period (zero day). 

Microscopic examination of sections of liver of control group 

(figure- 3) and CoQ10 treated rats (group G3) (figure- 6) 

showed normal structure of hepatic tissue, the central vein 

was surrounded with polyhydral shape of hepatocytes and few 

nuclei of eosinophils. Meanwhile, rat liver sections of sodium 

fluoride treated group (G1) revealed noticeable uncommon 

changes including multifocal infiltration of mononuclear cells 

(MNCs) around the bile duct in the parenchyma associated 

with congestion of blood vessels, perivascular leukocytes, 

sever degenerative lesion in the with vaculation and/or 

necrosis of surrounding hepatocyte (figure-4) as compared to 

control (figure-3). Otherwise, liver sections of rats of group 

G2 manifested that CoQ10 attenuated the alterations induced 

by sodium fluoride and remodeling the histological aspects of 

liver (figure-5). 
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(A)       (B) 

 

  
 

(C)      (D) 
 

Fig 1: Effect of sodium fluoride and CoQ10 on serum (A) total serum protein (B) albumin (C) globulin (D) bilirubin concentration in adult male 

rats. 

The values represents as mean ±SE. n=5/group. Different small letters denotes the presence of significant differences (P<0.05) between periods. 

Different capital letters denotes the presence of significant differences (P<0.05) between periods. Control: rats received tap water. G1: rats 

received tap water contain sodium fluoride 100 ppm. G2: rats received tap water contain sodium fluoride 100 ppm Plus orally garaged CoQ10 

(10 mg/kg B.W). G3: rats orally garaged CoQ10 (10 mg /kg B.W). 
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Fig 2: Effect of sodium fluoride and CoQ10 on serum (E) AST (F) ALT (G) ALP activity in adult male rats. The values represents as mean ±SE. n=5/group. 
Different small letters denotes the presence of significant differences (P<0.05) between periods. Different capital letters denotes the presence of significant 

differences (P<0.05) between periods. Control: rats received tap water. G1: rats received tap water contain sodium fluoride 100 ppm. G2: rats received tap water 

contain sodium fluoride 100 ppm Plus orally garaged CoQ10 (10 mg/kg B.W). G3: rats orally garaged CoQ10 (10 mg /kg B.W). 

 

 
 

Fig 3: Cross section of rat liver of control group rats. Note: normal 

characteristic feature of the liver tissue (H & E stain 40X). 

 

 
 

Fig 4: Cross section of rat liver received Sodium fluoride (group 

G1). Note: multifocal infiltration of mononuclear cells (MNCs) 

around the bile duct in the parenchyma associated with congestion of 

blood vessels (H & E stain 40X) 

 

 

 
 

Fig 5: Cross section of rat liver of administration of Sodium fluoride 

and CoQ10 (group G2). Note: proliferation of kupffer cells 

accompanied with mild of fatty change  in certain area of 

hepatocyte few MNCs  proliferation in the dilated central 

vein (H & E stain 40X). 

 

 
 

Fig 6: Cross section of rat liver received CoQ10(G3) rat. Note: 

normal characteristic feature of the liver (H & E stain 40X). 
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Discussion 

It is known that the liver plays a pivotal role in regulating a 

wide range of metabolic pathway [34, 35]. The results showed 

that rats received sodium fluoride in drinking water (group 

G1) caused a significant decrease in total serum protein (TSP) 

and albumin concentrations compared to control and G2 

groups, indicating that SF could induced damage and/or 

oxidative stress in hepatic cells and the liver become unable to 

perform its functions [36, 37]. The results of the current study 

are in agreement with the results of other researchers [13, 15]. 

Bouasla et al., [37] explained that sodium fluoride caused 

disturbance of protein synthesizing systems due to 

suppression of Na-K- ATPase activity with inhibited 

incorporation of amino acids into protein. As well, a reduction 

in total protein may be due to SF-induced either decrease 

protein synthesis or increased proteolysis, osmotic imbalance 

caused by lipid peroxidation [38] and caused depletion of both 

calcium and magnesium ions might be the reason for a 

decrease in synthesis of DNA, RNA and then protein 

synthesis [13, 39].  

It is well known that ROS play an important role in the 

pathogenesis of various liver disorders included hepatic 

cirrhosis [40], liver inflammation [41, 42] and hepatic ischemia-

reperfusion injury [43]. Accordingly, it could be suggested that 

SF induced oxidative stress mediated the development of 

hepatic inflammation and injury. Diesen and Kuo, [44] 

explained that activation of hepatic stellate cells (HSCs) by 

KCs caused release of ROS, leading to an increase 

proliferation and synthesis of extracellular matrix, which 

could be contributing to fibrosis and cirrhosis. Thus, oxidative 

stress associated with inflammation causes destruction of 

hepatocytes and architectural disarray [42]. While, the present 

study showed a significant increase in TSP and albumin 

concentrations in rats received SF concurrently with CoQ10 

(group G2) compared to SF treated group. These results are 

agreement with Ali et al., (2010) [22] it can be concluded that 

Co Q10 an antioxidant caused an improvement of 

hepatotoxicity-induced by sodium fluoride in adult rats.  

In accordance with these results, Sumimoto et al. [45] found 

that treatment with CoQ10 caused an elevation in levels of 

total protein to the normal range in ischemially damaged liver. 

Therefore, coenzyme Q10 have a prophylactic effects against 

liver damage induced by many toxicant agents attributed to its 

antioxidant activity [46, 47]. 

The results revealed that total serum bilirubin (TSB) 

concentration significantly increase in group G1 as compared 

to control and G2 groups indicating liver dysfunction 

accompanied with alteration in antioxidant enzymes and 

increase in MDA level [48-50], as well as, histological 

alterations of liver cells in G1 group observed in this study 

may lead to hyper bilirubinemia, however, the exact 

mechanisms(s) by SF caused an increase in serum bilirubin is 

remain to be elucidated. Meanwhile, a significant decrease in 

serum TB in G2 group (received SF plus CoQ10) as 

compared to group G1, might reflect the antioxidant 

properties of CoQ10. These results are in agreement with 

other researches using CoQ10 as hepatoprotective and anti-

inflammatory [51-53]. Supplementation of enzyme CoQ10 could 

mitigated hepatic toxicity induced by SF as reflected by 

improvement of the measured liver function markers 

suggesting a potential protective effect of Co Q10 against liver 

damage. Therefore, it could be concluded that CoQ10 has a 

hepatoprotective effects as antioxidant against SF via 

decreasing the production of ROS and attenuated the LPO 

leading to stabilize the integrity of the cellular membranes 

and in turn decreasing the leakage of bilirubin from liver 

tissue [9, 54].  

The current results of liver function tests in sodium fluoride 

intoxicated rats (group G1) showed an increase in the 

activities of ALT and AST and ALP enzymes. Such change in 

liver enzymes activity may be accompanied with a change in 

oxidant/antioxidant status. These results are supported by 

previous study [11, 15, 55]. Acute exposure to toxic dose of SF 

caused hepatocellular injury with an elevation of serum ALT 

and AST and ALP activities into the blood are important 

indicators as biomarkers of liver dysfunction in clinic findings 
[56]. Similar of these observations was reported in rats, pigs 

and broiler chickens [57-59]. Because of fluoride caused 

oxidative damage by increasing ROS, cytotoxicity, and LPO 

of the cell membrane [60] with significantly increased 

apoptosis/necrosis rate [61], consequently lead to leakage of the 

enzymes from the liver cells. Also release of cytochrome C 

from mitochondria and the activation pathway of cell death 

have been seen in SF exposure [62], which was accompanied 

with a decrease in the antioxidant status of liver [63] with 

alterations in liver functions. Besides, these results 

documented by histological changes observed in liver sections 

of group G1.Whereas, group G2 showed a significant 

decreased of serum AST,ALT and ALP activities as 

compared to G1. These findings suggest that coenzyme Q10 

exert beneficial prophylactic effects on liver enzymes activity 
[22, 64, 65] against fluoride-induced hepatotoxicity [26]. For these 

reasons, it could be suggested that CoQ10 protects hepatocyte 

from the deleterious effect of SF and decreases leakage of 

liver enzymes into the circulation by enhancing antioxidant 

capacity. It can be concluded that Co Q10 an antioxidant 

caused an improvement of hepatotoxicity-induced by sodium 

fluoride in adult rats. 
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