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ABSTRACT

Aim: The present study was carried out to evaluate the potential protective role of
blackberry juice (BBJ) and quercetin (Q) against sodium fluoride-induced liver damage
and impairment of kidney function, as well as hematotoxicity in rats.
Study Design: After 2 weeks of acclimation, animals were divided into seven groups, ten
rats each. All the groups were treated interaperitoneal (i.p.) for 30 successive days. Group
1 served as untreated control and received 1ml/Kg of distilled water i.p. daily. Group 2 was
given i.p. BBJ at a dose of 1.6g/kgb.wt. containing 5mg anthocyanin. Group 3 was given
quercetin at dose of 75mg/Kgb.wt. Group 4 was treated with 10.3mg/kg b.wt of NaF.
Group 5 was given i.p. BBJ followed by NaF at the same doses. Group 6 was given
quercetin followed by NaF and finally group 7 was treated with BBJ and Q then followed
by NaF as mentioned previous doses.
Methodology: Some hematological parameters were determined. Serum aspartate
transaminase, alanine transaminase and alkaline phosphatase activities were as well as
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lipid profile and total protein were evaluated as biomarkers for liver functions. The levels of
uric acid and creatinine in serum were estimated. Hormones of testosterone and inhibin B
were assessed.
Results: Sodium fluoride (NaF) caused an elevation in serum transaminases and alkaline
phosphatase and reduced serum total protein, testosterone, and inhibin-B levels as well
as levels of uric acid and creatinine, and induced hematotoxicity. It increased all the
parameters of lipid profile except the high density lipoprotein cholesterol level was
decreased. The presence of Q or BBJ with NaF successfully mitigated liver and kidney
functions, which was more pronounced with Q.
Conclusion: It can be concluded that concomitant administration of Q or BBJ with NaF
may be useful in reversing the toxicity of NaF in male rats.

Keywords: Blackberry; quercetin; hematological parameters; liver and kidney functions; lipid
profile; Inhibin-B; testosterone.

ABBREVIATIONS

Q, quercetin; NaF, sodium fluoride; BBJ, blackberry juice, b. wt., body weight; i.p.,
interaperitoneal.

1. INTRODUCTION

Fluoride is a naturally occurring contaminant in the water and it is essential for normal
maintenance of teeth and bones. However, prolonged exposure to high concentration of
fluoride is found to be deleterious to teeth, bones and other organs. Besides drinking water,
Fluoride can enter the body through food, dental products, drugs and industrial emission [1].
The widespread occurrence of per fluorinated compounds received worldwide attention
because their accumulation in animal and human body can cause potential impairment of
their health [2]. It persists in potentially active concentration for hours [3]. Fluoride
compounds are used in the preparation of insecticide formulations. Intoxications mostly
arise from exposure to sodium fluoride (NaF), sodium fluorosilicate, fluosilic acid, or
hydrogen fluoride [4].

Fluoride crosses the cell membrane very rapidly [5], and is distributed in the skeletal and
cardiac muscle, liver, skin, and erythrocytes [1,6-7]. In vivo studies [8-10] have proven that
fluoride to be a cell toxin. The high toxicity of NaF arises from its being a very reactive ion. A
study indicated that endoplasmic reticulum stress and inhibition of protein synthesis
produced by fluoride during enamel development were responsible for dental fluorosis in the
incisors of mice given water containing 50–100ppm of fluoride daily for 30 days [11].
Administration of NaF (50mg/l) in drinking water for 6 months produced renal oxidative
stress and apoptosis in rats [12] resulting in a decrease in urinary excretion of fluoride, as it
was found in human beings [10]. This may contribute to an elevation of the concentration of
fluoride in the serum of NaF-treated animals. The chronic toxic action of fluoride also has
been investigated in the liver. Oxidative stress was found to be produced by fluoride
(100ppm) in the liver of rabbits [11].

Thus, the chronic toxic effects produced by fluoride in the kidney [10] and liver [13] of
human beings had been demonstrated in experimental animals [1]. Fluoride was
determined to cause adverse effects in mice on erythrocyte and liver tissue



Ismail et al.; JALSI, Article no. JALSI.2014.001

3

malondialdehyde (MDA) levels and superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GSH-Px) activities [14]. They also reported that serum cholesterol,
triglyceride, glucose, total protein and albumin levels, and aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) activities were
affected. In NaF-treated male rats (10mg/kg/day, for 30–50 days), decreased sperm motility
and a reduction in serum testosterone levels have been reported [15]. Ortiz-Perez et al. [16]
noticed that fluoride may be a reproductive toxicant in both Sertoli cells and gonadotrophs
of human and caused reduction of inhibin-B and testosterone levels.

The use of natural antioxidant phytochemicals has surfaced as an effective and safe dietary
reference for liver disease [17]. A major class of phytochemicals found ubiquitously in fruits
and vegetables are flavonoids, which are rarely found to be toxic, and are highly efficient
against ROS-mediated injury [18]. Therefore, flavonoids are popularly considered for the
optional prevention and treatment of liver diseases.

One of the most important natural diets with anti-oxidant properties is blackberries
(Morusnigra). Berries are among one of the most widely consumed fruits in the human diet
[19]. Berry fruits, wild or cultivated, are proved as a traditional and rich source of bioactive
compounds, possessing important biological activities such as flavonoid pigments
(anthocyanin), some minerals (Na, K, Ca, Se, Zn and P), vitamins (vitamin A, B complex, C
and E) phenolic acids (garlic, p-coumaric, caffeic, ferulic) and phenolic polymers [20]. The
anti-oxidant capacity of these berries was related to their constituents’ particularly total
phenolics and anthocyanins [21]. Furthermore, anthocyanin is one of the most important
water-soluble flavonoid pigments that give blackberries their characteristic red to blue color
[22]. Moreover, it was found that, the contents of vitamin C, vitamin E, selenium and zinc in
fresh fruit of blackberry has a good effect on human body through protection the integrity of
cells and internal structure of cells, avoiding some enzymes and internal components of
cells from being destructed. These contents have anti-oxidant and it can improve immunity,
play an antagonistic role of protective agent from toxic substances [23].

Quercetin (Q), a flavonoid largely found in vegetable foods as broccoli, lettuce, apples,
tomatoes, onions, tea and coffee with known anti-inflammatory and antioxidant properties
[24,25]. Marcolin et al. [25] reported that quercetin decreases liver damage in mice with non-
alcoholic steato-hepatitis which is a frequent condition in obese patients that may progress
to end-stage liver disease. It has been reported that the biological effects of quercetin are as
follow: Anti-cancer genic, antiviral, anti-ischemic, anti-inflammatory and antiallergenic, as
well as preventive influence in atherosclerosis and coronary heart disease [26-28].

However there are little reports about the functional properties of the blackberry juice (BBJ)
and its uses in alleviating the adverse effects of the chemical toxicity in co-administration
with Q. Therefore, it seems of interest to evaluate the protective effect of BBJ against the
toxicity of fluoride-induced free radicals in rats. For these reasons, the main objective of the
present study was to evaluate the role of Q and BBJ on liver, kidney and hematology toxicity
induced by NaF for 4 weeks. To achieve this aim, rats were given NaF and/or quercetin and
blackberry for 4 weeks by interaperitoneal.
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2. MATERIALS AND METHODS

2.1 Chemicals

Sodium fluoride (NaF) was purchased from Sigma Chemical Co., St. Louis, Mo., USA. The
tested dose of NaF (10.3mg/kg b.wt) was chosen based on the previous studies of Zabulyte
et al. [29]. Quercetin was purchased from Sigma Chemical Co., St. Louis, Mo., USA. It was
given in a dose of 75mg/kg according to the previous study by Seiva et al. [30]. Fresh
blackberry fruits were obtained from local market (Zagazig, Egypt), and then washed,
homogenized and its juice was daily freshly prepared. The dose of blackberry (1.6g/kgb.w
equal to 9ml/kgb.wt, which containing 5mg active constituent; anthocyanine) was used in this
study according to the previous studies of Sauebin et al. [31] and Siriwoharn et al. [32]. All
other chemicals used in the experiment were of analytical grade.

2.2 Experimental Animals

Seventy adult male Wistar albino rats (Rattusrattus) weighing 170-180g were purchased
from King Fahed Medical Research Center in Jeddah (Kingdom of Saudi Arabia). The
animals were housed in metal cages and bedded with wood shavings and kept under
standard laboratory conditions of aeration and room temperature at about 25oC with 12/12
light and dark cycle. The animals were allowed to free access of standard diet and water ad
libtum throughout the experimental period. We have followed the European community
Directive (86/609/EEC) and national rules on animal care that was carried out in accordance
with the NIH Guidelines for the Care and Use of Laboratory Animals 8th edition. The animals
were accommodated to the laboratory conditions for two weeks before being experimented.

2.3 Experimental Design

After 2 weeks of acclimation, animals were divided into seven groups, ten rats each. All the
groups were treated interaperitoneal (i.p.) for 30 successive days. Group 1 served as
untreated control and received 1ml/Kg of distilled water i.p. daily. Group 2 was given i.p.
BBJ at a dose of 1.6g/kg b. wt. containing 5 mg anthocyanin. Group 3 was given quercetin
at dose of 75mg/Kgb. wt. Group 4 was treated with 10.3mg/kgb. wt of NaF. Group 5 was
given i.p. BBJ followed by NaF at the same doses. Group 6 was given quercetin followed by
NaF and finally group 7 was treated with BBJ and Q then followed by NaF as mentioned
previous doses.

2.4 Collection of Blood

Blood samples of the fasted rats were collected from the medial retro-orbital venous plexus
immediately with capillary tubes (Micro Hematocrit Capillaries, Mucaps) under ether
anesthesia [33]. Then, the blood was centrifuged at 3000rpm for 15 min and serum was
collected for different biochemical analyses.

2.5 Hematological Parameters

Other heparinized tubes were used to collect the blood for determination some blood
indices. A complete blood count including five major measurementswere determined using
cell counter (Sysmex, model KX21N). White blood cells (WBC) were measured in thousands
per cubic milliliter of blood. Red blood cells (RBC) were measured in millions per cubic mil-
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limeter of blood. Hemoglobin (Hb) was measured in grams per deciliter (g/dL) of blood. The
hematocrit value (PCV) is the percentage of red blood cells in relation to total blood volume
was also determined. Mean cell volume (MCV), mean cell hemoglobin (MCH) and mean cell
hemoglobin concentration (MCHC) were also calculated. Platelets were measured in
thousands per cubic millimeter of blood.

2.6 Hepato-renal-biomarkers Determination

Serum aspartate transaminase (AST), alanine transaminase (ALT) and alkaline phosphatase
(ALP) activities were determined with kits from Human diagnostic worldwide, Germany. The
serum total cholesterol (TC) and triglycerides (TG) were determined by the method Carr et
al. [34]. High density lipoprotein–cholesterol (HDL–c) was determined according to the
methods of Warnick et al. [35]. Serum LDL–cholesterol (LDL–c) level was calculated
according to Friedewald [36] formula:

LDL-c = total cholesterol—(HDL-c + triglycerides)/5.

Very low density lipoprotein cholesterol (VLDL-c) levels were calculated by using the
following formula of Prakasam et al. [37]: VLDL-c = triglyceride/5.

The protein content was determined by the method described by the Bio-Rad protein assay
reagent (Bio-Rad Laboratories, Hercules, CA. USA) using bovine serum albumin as the
standard.

The levels of uric acid and creatinine in serum were estimated spectrophotometric using
commercial diagnostic kits according to the manufacturer’s instructions. The data were
expressed as mg/dL.

2.7 Serum Testosterone and Inhibin-B Determination

Plasma testosterone levels were measured by electro chemi-luminescence by automat
(Elecsys, Rochediagnostics) according to the method of Wheeler [38]. Briefly, the Elecsys
testosterone assay is based on a competitive test principle using a monoclonal antibody
specifically directed against testosterone. Endogenous testosterone released from the
sample by ANS (8-anilino-1-naphthalene sulfonic acid) and norgestrel competes with the
added testosterone derivative labeled with a ruthenium complex for the binding sites on the
biotinylated antibody.

Inhibin B was assayed by using a commercial Enzyme-linked Immune Sorbent Assay
(ELISA) kit (DSL-10-84100 Active, Beckman Coulter, Villepinte, France) according to the
manufacturer’s instructions. Each sample was diluted 2-fold in sample diluents solution prior
to reactions.

2.8 Statistical Analysis

The SPSS 11.0 statistical software package programmer for Windows was used for
statistical calculations. Data was given in the form of arithmetical mean values and
±standard error. Differences between groups were evaluated by Student t- tests and the
level of statistical significance was set at P≤0.05.
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3. RESULTS

In relation to the hematological parameters, male rats presented more pronounced changes
when treated with NaF, in which a decrease in the Hb and HCT% of approximately 48.13
and 23.26%, respectively, was observed when compared to the control group (Table 1).

Results indicated that NaF caused a significant (p<0.05) increase in total leukocyte count
(TLC), with simultaneous decrease in total erythrocyte count (TEC). However, there were
insignificant alterations in platelet count (PLT) (Table 1). The present data did not show any
significant changes in all tested parameters of RBCs or other hematological parameters of
healthy rats that received BBJ.

Moreover, treatment the rats with Q alone did not affect tested hematological parameters
except MCH% and MCV. However, the combinations of Q and BBJ with NaF alleviated the
exerted hematotoxicity (Table 1).

The activities of AST, ALT and ALP were significantly increased in plasma of rats treated
with NaF (Table 2). Treatment with BBJ alone did not cause any significant changes in the
activity of these enzymes. While, the presence of BBJ with NaF minimized the observed
alterations in examined enzymes activity induced by fluoride intoxication.

Treatment the rats with Q alone significant decreased the activities of ALS and ALP as
compared to control by 12.06% and11.21%, respectively (Table 2). However, with the
pretreatment of Q before NaF damage, the serum activities of ALT and AST were
significantly decreased, compared to the NaF-intoxicated rats (p<0.05).

The NaF and Q caused greater decrease in ALT, AST and ALP activities than NaF and BBJ.
The co-administration of rats with Q and BBJ before NaF decreased the activities of ALT and
ALP more than NaF with BBJ (Table 2).

Sodium fluoride for30-days treatment every day caused significant abnormally in serum total
protein. Quercetin alone or in combination with BBJ showed mitigating effects against NaF
induced decrease in total protein content (Table 2). However, treatment the rats with BBJ
alone or before NaF did not change in the level of protein as compared to control- and NaF-
treated groups.

The treatment the rats with NaF caused significant increase in serum levels of total
cholesterol, TG and LDL–c, and significant decrease in HDL–c (Table 3). Results revealed
that there are significant changes in lipid profile of rats treated with BBJ alone as compared
to control. However, the presence of BBJ with NaF can alleviate the adverse effects of NaF
and the alterations of lipid profiles restored to the approximately the normal values.

Serum uric acid content reduced significantly in NaF treated rats by 54.95% as compared to
control group (Fig. 1). However, i.p. administration of NaF along with Q or BBJ caused
significant mitigation, as compared to NaF alone treated rats.

As compared to control, NaF treatment in rats for 30 days caused significant (p<0.05) rise in
creatinine content by 2.55-fold (Fig.1). Co-treatment of Q and NaF or BBJ and NaF did not
improve the creatinine levels, as compared to NaF treated mice. However the combination of
Q and BBJ with NaF cause mitigation in creatinine level when compared to Q and NaF or
BBJ and NaF.
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Table 1. Changes in hematological parameters in male rats treated with blackberry, quercetin and sodium fluoride separately or in combination

Parameters Groups
Control Blackberry Quercetin Sodium fluoride (NaF) NaF+blackberry NaF+quercetin NaF+blackberry+quercetin

RBCs(106/mm3) 8.37±0.13 7.74±0.26 8.63±0.18 5.41±0.28a 6.43 ±0.20b 6.28±0.08b 7.24 ±0.10c,d

HB (g/dl) 12.84±0.29 13.10±0.17 14.09±0.13 6.66±0.41a 7.96±0.24b 9.15±0.24b 9.95 ±0.29 c

HCT (%) 39.21±0.32 38.86±0.40 44.51±1.01a 30.09±0.47a 30.98±0.47 31.16±0.33 33.55 ±0.39c,d

MCV (fL) 46.83±1.09 50.44±1.63 51.53±1.25a 56.13±2.92a 48.27±1.20b 49.63±0.78 46.36±1.00d

MCH (Pg) 15.37±0.51 17.02±0.63 16.34±0.36 12.37±0.76a 12.39±0.40 14.56±0.37b 13.76±0.54
MCHC (g/dL) 32.71±0.56 33.71±0.18 31.69±0.45 22.05±1.13a 25.67±0.41b 29.33±0.48b 29.64±0.54c

WBCs (03/mm3) 7.94±0.32 7.42±0.16 8.13±0.23 9.40±1.32 3.67±0.09 b 4.78±0.17 4.90±0.28c

Platelets (03/mm3) 549.43±3.40 569.16±5.42 a 537.38±13.58 679.53±5.46a 614.48±7.37b 558.52±9.81b 588.33±4.03c,d

Values are expressed as means ± SE; n = 10 for each treatment group.; asignificant difference as compared to control, bsignificant difference as compared to sodium fluoride group (NaF), csignificant difference as compared to
blackberry group and dsignificant difference as compared to quercetin group

Table 2. Changes in hepatic functions in male rats treated with blackberry, quercetin and sodium fluoride separately or in combination

Parameters Groups
Control Blackberry Quercetin Sodium fluoride (NaF) NaF+blackberry NaF+quercetin NaF+blackberry+quercetin

ALT (U/L) 11.00±1.41 13.40±0.51 10.20±0.58 220.00±11.40 a 99.40±6.66b 67.20±3.68b 68.60±4.47c

AST (U/L) 23.20±1.07 26.60±1.89 20.40±0.51a 118.80±19.77 a 51.20±2.22b 38.00±1.14b 46.20±7.29
ALP (U/L) 23.20±0.97 21.80±0.86 20.60±1.08 94.00±7.62 a 63.80±1.07b 60.40±3.39b 57.00± 2.63c

Total proteins (g/dL) 7.84±0.12 8.10±0.37 9.96±0.53a 4.03±0.17 a 4.33±0.47 6.84±0.28b 7.02±0.22c

Values are expressed as means±SE; n=10 for each treatment group.; ALT; alanine transaminase, AST; aspartate transaminase and ALP; alkaline phosphatase; asignificant difference as compared to control, bsignificant
difference as compared to sodium fluoride group (NaF) and csignificant difference as compared to blackberry group

Table 3. Changes of serum lipid profile in male rats treated with blackberry, quercetin and sodium fluoride separately or in combination

Parameters
(mg/dL)

Groups
Control Blackberry Quercetin Sodium fluoride (NaF) NaF+blackberry NaF+quercetin NaF+blackberry+quercetin

TC 70.20±1.77 87.20±4.26a 68.80±6.80 159.40±6.91a 129.80±5.80b 112.20±3.35b 93.00±6.53c,d

TG 62.40±1.03 71.20±2.89a 64.00±1.18 175.00±7.54a 97.20±4.85b 89.80±2.82b 80.80±2.82 c

HDL-c 40.20±0.66 33.60±1.08a 35.60±0.81a 11.60±1.63a 21.60±0.51b 24.80±1.88b 31.00±1.00c,d

LDL-c 49.06±1.74 66.18±4.11a 48.88±6.89 122.08±7.14a 104.04±6.29 87.68±3.32b 70.12±6.39c,d

VLDL-c 12.48±0.21 14.24±0.58a 12.80±0.24 29.00±2.64a 19.44±0.97 49.28±31.18 16.16±0.56c

Risk Ratio 1.74±0.05 2.59±0.11a 1.94±0.21 15.07±2.53a 4.12±0.24b 3.45±0.21b 2.77±0.19c,d

Values are expressed as means ± SE; n = 10 for each treatment group. asignificant difference as compared to control, bsignificant difference as compared to sodium fluoride group (NaF), csignificant difference as compared to
blackberry group and dsignificant difference as compared to quercetin group
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Fig. 1. Changes of serum creatinine and uric acid levels in male rats treated with blackberry, quercetin and sodium fluoride
separately or in combination

Values are expressed as means±SE; n=10 for each treatment group.a significant difference as compared to control,b significant difference as
compared to sodium fluoride group (NaF), c significant difference as compared to blackberry group andd significant difference as compared to

quercetin group
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Fig. 2. Changes of serum testosterone and inhibin-B levels in male rats treated with blackberry, quercetin and sodium
fluoride separately or in combination

Values are expressed as means±SE; n=10 for each treatment group.a significant difference as compared to control, b significant difference as
compared to sodium fluoride group (NaF), c significant difference as compared to blackberry group and d significant difference as compared to

quercetin group
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As shown in (Fig. 2), NaF treatment decreased significantly (p<0.01) the plasma
testosterone levels compared with control rats. The treatment of NaF-exposed rats with Q
separately or in combination with BBJ entirely alleviated the NaF-induced decrease in
plasma testosterone levels.

A significant reduction of inhibin-B was noticed in NaF-treated rats by 68.57% as compared
to control group. There were not significant changes in the inhibin-B levels in healthy rats
that had been treated with BBJ or Q. The Administration of Q in combination with NaF
resulted in partial protection against NaF-induced inhibin-B changes. Meanwhile, treatment
the rats with BBJ alone did not effect on the inhibin-B level. Concomitant administration of Q
with BBJ against NaF resulted in satisfactory preservation of inhibin-B level.

4. DISCUSSION

Results obtained in the present study indicated that Q successfully alleviated hepatic and
renal damage, maintained normal hematological parameters and mitigated the induction of
sex hormones caused by NaF in male rats. In the present work, Q also protected from liver
damages demonstrated by the decrease in plasma transaminases and ALP activities, with
consequent restoration of plasma total protein. The observed hepatoprotective effect might
be a consequence of the stabilization in the redox state and maintenance of the antioxidant
capacity offered by Q [39]. It could be also attributed to calcium channel blocking activity
exerted by Q. Calcium contents in liver cells are liable to be increased during the process of
experimental liver damage, and calcium channel blocking drugs were found to inhibit the
development of hepatic damage induced by different hepatotoxins [39,40].

We used the hematologic constituents as biomarkers for detection of hematotoxic effects of
NaF. There is no data available about the effect of NaF alone or in combination with Q
or/and BBJ on hematological parameters. Moreover, there is no data about the effect of BBJ
in combination with Q on the hematological, hepato- and renal-biomarkers as well as the
levels of sex hormones. Therefore it is difficult to compare between the present data and
other previous study.

In the present study, NaF-treated rats exhibited significantly increases WBC and
thrombocyte counts while RBCs and its related indices are decreased significantly as
compared to control group. Quercetin with NaF had more potential effect on hematological
parameters than BBJ. Co-administration of Q and BBJ against NaF hematotoxic more
effective on RBCs count, HCT% and platelets number than each flavonoid separately with
NaF. Ingestion of fluoride through drinking water (10, 50, 100ppm) for 12 weeks was found
to affect hemoglobin synthesis in rats [41]. They found that fluoride was accumulated in the
erythrocyte membrane and caused the formation of echinocytes. Since the life span of
echinocytes is less than that of red blood cells, the early destruction of these red blood cells
is likely to cause anemia.

The liver biomarkers were detected in the present study using some enzymes activity and
ability to synthesis the protein.Among other biochemical parameters, the increase inAST,
ALT and ALK activities were found to be relatedto damage in the liver and the change in
hepatic functions. ALP activity increases in case of the damage of hepatic cellsand the
obstruction of bile ducts arising from cellular reproduction [4]. Liver cells contain more AST
than ALT, but ALT is confined to the cytoplasm in which its concentration is higher than that
of AST [19]. Fluoride toxicities caused elevated in the activities of transaminases in rats and
mice [42,43].
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Abnormal protein metabolism is considered a sign of hepatotoxicity. In the present study, the
administration of NaF resulted in a significant decrease in the concentration of total protein
as compared to the control group. Previous study reported a similar reduction in protein
content in NaF-treated animals and related it to inhibition of decarboxylation of branched
chain amino acids and simultaneously promoting protein breakdown [44]. Sodium fluoride-
generated free radicals down-regulate the activity of enzymes important in the
polymerization of amino acids, thus inhibiting the process of elongation of peptides [45]. Free
radicals are also a major source for DNA damage, which can cause strand breaks and base
alteration in the DNA [46]. Therefore the reduction in protein content observed in the present
study may be due to either direct effect of fluoride on protein synthesis or indirectly through
DNA and RNA damage.

Treatment the animals with Q or BBJ improved the reduced levels of total proteins of NaF-
intoxicated rats. This tendency to increase the level of protein contents could be ascribed to
suppression of NaF-induced oxidative stress and liver damage with the subsequent
improvement in liver synthetic function following Q or BBJ treatment. In the present study the
efficacy of Q is more than BBJ in improving the total protein level. The co-administration of Q
and BBJ with NaF is most effective than the effect of each flavonoid separately.

Sodium fluoride induced hepatotoxicity was reported earlier previous studies [1,4,14,19].
Abdel-Wahab [44] had reported elevated serum levels of TG, TC and total lipids in rats that
were treated orally with NaF for 4 weeks. The results of the present investigation are in line
with the above mentioned reports. They suggested that the abnormal activities of lipases
enzymes seem to be one of the chief factors responsible for the rise in serum TG and TC. It
appears that enzymes inhibited by fluoride, such as triglyceride lipase, unspecific esterase
and pyrophosphates. Also, the obtained results of hyperlipidemia may be attributed to an
increase in the synthesis of fatty acids in the liver or possibility due to incidence of liver
cholestasis [47]. The observed abnormalities in lipoprotein profile may be due to over-
production of very low density lipoprotein (VLDL-c) by the liver or to the decrease in removal
of VLDL-c and LDL-c from the circulation.

Hyperlipidemia and hypercholesterolemia are reported as the major risk factors in life style
related diseases such atherosclerosis and related cardiovascular complications [48]. It is
well documented that a low level of HDL-c is indicative of high risk for cardiovascular
disease; an increase in HDL-c level could potentially contribute to anti-atherogenicity [49].
Our study suggests that Q and BBJ have hypolipidemic effect and offer protection against
NaF induced toxicity in liver by restoring the altered level of lipid. However, the Q was more
potent effect on lipid profile parameters than BBJ. Quercetin significantly reduced the activity
and mRNA levels of various enzymes involved in hepatic fatty acid synthesis. It was
suggested that a reduction in hepatic lipogenesis is the mechanism underlying the
hypolipidemic effect of Q.

The presence of BBJ with NaF alleviated the harmful effects of NaF on most of the
measured parameters. This effect may be related to the antioxidant properties of BBJ.
Hassan and Abdel-Aziz [19] reported that the total pigment extract from BBJ exhibited strong
antioxidant activity health benefits.

Renal injury due to fluoride intoxication could be assessed by measuring the serum uric acid
and creatinine levels. The elevated levels of uric acid and creatinine and the diminished
creatinine clearance in the fluoride-treated rats indicate the development of glomerular injury
and renal dysfunction. Increase in the level of uric acid in mammals is related to increase in
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protein catabolism, and the level of creatinine tends to display increase in renal disorders [4].
The serum concentration of creatinine is relatively constant under normal circumstances,
unless glomerular filtration rate (GFR) changes, as a result of defective renal function [50].
The increased level of serum creatinine after NaF intoxication might be due to reduced
ability of the kidney to eliminate the toxic metabolic substances. Fluoride is freely filtered
through glomerular capillaries and then undergoes a variable degree of tubular reabsorption.
Fluoride can impair the function of mitochondria, diminishing cellular respiration, enhance
mitochondrial production of free radicals and consequently lead to cell death and renal
dysfunction [50].

Pretreatment of fluoride-intoxicated rats with Q or BBJ with NaF did not bring back the
normal level of serum creatinine concentration of control group. Co-administration of Q and
BBJ with NaF enhanced renal filtration and increased the excretion of xenobiotic. This may
be due to antioxidative action of Q [51]. Quercetin was able as well to attenuate renal
impairment which is in accordance with Singh et al. [51], who demonstrated that Q produced
a significant reduction in serum levels of creatinine and urea nitrogen in a model of
ischemia/reperfusion induced renal injury in rats.

Fluoride-induced serum inhibin-B reduction would have been much greater in the present
study. These effects of fluoride could be mediated by an increment in the hypothalamic–
pituitary receptor affinity by inhibin-B and/or by a gonadotrophic post receptor attenuation of
the response to reduced levels of inhibin-B. It has been demonstrated that the FSH inhibiting
activity of inhibin-B resides within this region of the molecule [52]. Interestingly, fluoride has
a great affinity for electropositive basic amino acids, and in fact, the binding of fluoride to this
type of amino acids, has been shown in other proteins [53]. Thus, a direct interaction of
fluoride with the inhibin-B molecule is possible and could explain the observed and
discussed effects in both Sertoli cells and gonadotrophs. Ghosh et al. [54] found that there
was significant diminution in the relative wet weight of the testis, prostate, and seminal
vesicle in rats exposed to NaF 20mg/kg/day for 29 days by oral gavage. All the previous
study confirmed that NaF caused reduction in the inhibin-B and testosterone.

Quercetin partially protected the inhibin–B and testosterone against the toxicity of NaF, while
BBJ did not. There was potential effect between Q and BBJ to increase the levels of
testosterone and inhibin-B by 1.61- and 2.18-fold as compared to rat that treated with NaF.
Nabavi et al. [55] evaluated the protective potential of the polyphenols curcumin and
quercetin on thyroid function in NaF intoxicated rats and they found the Q kept the thyroid
hormones near to normal level.

5. CONCLUSION

Blackberry and quercetin successfully restored liver function and normalized kidney
functions and improve the sex hormones reduction induced by NaF. The antioxidants also
alleviated the hematotoxicity compared with NaF. However, quercetin exhibited a more
pronounced protection towards liver function and hematotoxicity. Concurrent intake of BBJ
or Q with NaF can mitigate its toxicity. Still, further investigations should be done to estimate
the mechanism of phytochemicals to protect different tissues in rats.
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