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ABSTRACT

In recent years, fluorosis caused many problems in humans and animals bodies. Dental fluorosis, skeletal
fluorosis, bone fractures, decreased birth rates, adverse effects on the male genital system, like damaging the
structure of testes and epididymis and loosing fertilization ability can be considered as good examples of
fluorosis. Thus, the current study aimed to determine the toxicity of sodium fluoride (NaF) on the activity of
sperm and the level of sex hormones including testosterone, follicle stimulating hormone, and luteinizing
hormone. For achieving this purpose, thirty adult albino male rats, aged between 90-100 days, were divided
randomly into two treated groups with 10 rats for each group which were treated with 150, 300 ppm of sodium
fluoride,respectively. In addition, 10 rats were kept as a control group. Sodium fluoride was offered to the
treated groups in the drinking water to evaluate the toxic effect of NaF on male reproductive system, sperm
concentration, sperm motion, and sperm velocity compared with control group. The findings revealed a
significant decrease in the sperm concentration, sperm count, sperm motion, sperm velocity and the level of
sexual hormones in comparison with the control group. It can be concluded that NaF may reduce the efficiency
of male reproductive system, and reduce the levels of sexual hormones in rats.
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Introduction toothpaste, dental products, industrial products,
pesticides and dietary supplements (6). However,

Fluoride is a natural element that is widely excessive consumption of fluoride results in
distributed throughout the environment. Fluoride fluorosis, reduce antioxidant defense mechanism
anions exist in drinking water and in the ground and increase oxidative stress of organs (7).
water, and these materials can be transmitted Several epidemiological investigations refer to
through winds and volcanic activity (1, 2). the toxic effects of fluoride on male genital organs
Fluoride usually prevails in two forms (organic and (8). Renewing the database of each previously
inorganic), the organic compounds are like methyl studied issue like fluorosis had a major benefit in
fluoride, per fluorooctanes sulfonic acid, and the accurate judgment and evaluation of its risk. Thus,
inorganic compounds are like calcium fluoride, the toxic effects of sodium fluoride can be
hydrogen fluoride and sodium fluoride (3). ameliorated by using antimatter material such as
Knowingly, fluorine is considered as the most pomegranate seed oil (9).
effective caries preventing agent (4), the The purpose of the current work was to determine
permissible amount of fluoride in drinking water is the toxic effects of NaF on male genital organs of
05 - 15 mg/L (5 6). Contexually, other adult albino rats that experimentally subjected to
applications of fluoride include mouth rinses, different concentrations of it.
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house, College of Veterinary Medicine, University
of Baghdad. The ration and water were given ad
libitum.

Experimental design

The experimental design was based on the session
scheduled by the Department of Pathology and
Poultry Diseases at the College of Veterinary
Medicine, University of Baghdad, held on 4-12-
2019, the ethical approval was followed for
conducting the experiment. The study lasted three
months. Rats were randomly divided into three
groups. Ten animals were allocated for each group.
Group one was kept as a control group. This group
received taps water for 90 days, while groups two
and three received 150 ppm and 300 ppm of NaF
(Central drug house (p) LTD.7/28 India) for 90
days within drinking water. All animals were
sacrificed at the 91% day of the experiment.
Determination of sub lethal dose of NaF was
applied according to authors (10).

After scarifying of the experimental animals, the
left caudal epididymis was taken and put in a Petri
dish containing 3 pL of normal saline. The
epididymis was dissected by a surgical scissors to
several species.

The samples were transferred to the laboratory and
0.1 pL of the liquid was taken and put on a special
slide for examination (semen analysis series of casa
10) and by using X40 (Mshot microscopic,
Germany, software). The parameters followed in
this study were sperm motility, high motility,
moderate  motility,  sluggish,  immortality,
progressive, non-progressive, active sperm,
velocity of curved line, velocity of straight line,
average of moving sperm, density in rectilinear,
linearity, wobbling, straight forward and so on.

Collection of blood for hormonal assay

At the end of the experiment, all animals were
injected with ketamine 5 mg/kg-xylazine 50
mg/kg) (11). The blood was collected from the
orbital sac and instantly was discreted by centrifuge
for 3 minutes at 3000 rpm, Biomerieux-FranceMini
VIDIS kit was used and the methods were followed
on the combination between an enzyme
immunoassay sandwich and final fluorescent
detection (12).
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Sperm motion analysis

Two microliters of phosphate—buffered saline was
used for sperm motion analysis. The left caudal
epididymis was instantly put and cut into about 150
pieces using surgical scissors for liberating the
spermatozoa from the epididymal tubes. For further
study, epididymal semen suspension (ESS) was
instantly brooded at 37°C. Computer assisted
semen analysis (CASA) (Biomerieux, France) was
used by placing 5 ul of the suspension on a glass
slide (13).

Sperm count analysis

In order to make a dilution ratio of 1:1000, one ml
of epididymis's semen suspension was added to 199
pL of normal saline. The total concentration of
sperm was estimated by Neubauer
haemocytometers (13).

Hormonal analysis

Sex hormone i.e. testosterone (TS), follicle-
stimulating hormone (FSH), luteinizing hormone
(LH) were determined after separation of sperm of
the male rats using mini vidas commercial kit (code
number 09345B, Bio merieuxmarcy | Etoile-
France) for all experimental samples.

Statistical analysis

All variable data were analysed by one-way
ANOVA with post-hoc Duncan's test. The
statistical values were presented as mean =
standard error (SD) (14).

Results

The effects of different NaF concentrations in
drinking water on the kinetic motility of the
spermatozoa and sex hormone were widely studied.

Sperms motility

The results showed a significant reduction in all
motility parameters of the treated groups.
However, high, moderate, and sluggish sperm
motility values were much lower (p<0.05) in the
groups given 150 ppm and 300 ppm of sodium
fluoride than those values of the control groups.

Also, a significant decrease (p<0.05) in the
immotility values was noticed in the treated groups
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given different doses of sodium fluoride as
compared to the non-treated groups (Table 1). It
was observed that numbers of abnormal, irregular
and disfigured sperms were higher in groups
treated with different concentrations of sodium
fluoride as compared with those of control
untreated groups. There was a proportional
increase in the rats of abnormal sperm with
concurrent increase in the levels of sodium fluoride
administered with drinking water (Table 2).

Table 1. Effects of different sub lethal concentrations of

sodium fluoride given with drinking water on general
sperm motility of male rats (%), mean + SE

Groups
Control 150 ppm {300 ppm
Parameter
Motility% 78.56; 2.36 63.56; 2.01 55.38: 2.07
high M 23.83;: 1.40 6.83?;1.24 5.33 E 0.71
moderate |21.75+1.89|15.70+1.56 [9.65+1.21
M a b c
Sluggish | 6.88+1.00 | 14.26+ 1.14 |19.50 + 1.68
M c b a
.o 114.33+£0.90 | 26.86+ 2.25 |32.60 + 2.12
Immotility c b a

(a-c) Different letters mean a significant decrease between the
groups at the probability p<0.05.

Table 2. Effects of different sub lethal concentrations of

Table 3. Effects of different sub lethal concentrations of
sodium fluoride given with drinking water on various
sperm characteristic (%), mean + SE.

roups control 150 ppm | 300 ppm
paramete
Total sperm |70.60 + 2.88 p4.53 £ 0.71 ¥#6.50 + 1.52
count/millions A b c
/ml
Conc. of 3.53+0.14 | 2.72+0.03 (2.35+0.01
sperm/10° a b c
Active 79.50 +0.48 55.83 £ 1.16 p3.16 £ 1.01
sperm/mls a b b

(a-c) Different letters mean a significant decrease between the
groups at the probability p<0.05.

Velocity of sperms

Sperm velocity showed a decrease in both lines
(curved and straight) of the treated groups with 150
and 300 ppm of NaF as compared with the
untreated group. Also, Table 4 pointed out that both
treated groups have a significant (p<0.05)
reduction of sperm number in rectilinear movement
in comparison to the control groups. However,
values related to average movement parameters of
the treated groups differ significantly from those of
the control group (Table 4).

Table 4. Effects of different sub lethal concentrations of
sodium fluoride given with drinking water on the various
velocity of sperm and rectilinear movement, mean + SE.

_ > i o roups
sodium fluoride given with drinking water on rates of
motility of sperm, mean + SE. Control 150 ppm 300 ppm
. Non- Rate of parameters
Groups | Progressive | 1 oaressive | motility Velooly Of 1 39.35+1549| 2506242 | 22564363
17.28+3.27 | 433+0.91 [12.11+1.47 ML/S A b b
Control
: 2 : Velocity of | g 7347 98 | 25.50+17.00 | 18.36+1.67
b c b % ¢
300 ppm | >08 %032 | 250 £0.22127.85% 2521 | Average of |17 47,17 o9 351.65+13.76| 411.15+21.75
c b a movement A b c
(a-c) Different letters mean a significant decrease between degree
the groups at the probability p<0.05. Sperm No.
in 13.16 £0.79| 4.83£0.65 2.83£0.79
Sperms count rectilinear A b c
o ] movement
Examination of semen specimen of the group Sperm
treated with 150 and 300 ppm revealed a Density
significant decrease in the parameters of mean in 0.12+0.00 | 0.067%0.01 0.03+0.01
total semen, sperm count and active sperm in Rectilinear A b c
comparison with these of control group (Table 3). mcl)\(/)(g/r:ﬁnelnt
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(a-c) Different letters mean that there is a significant decrease
between the groups at the probability p<0.05.
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Movement of sperms

Results in Table 5 shows a significant (p<0.05)
reduction in the linearity, straight in rectilinear

movement, wobbling, beating cilia frequency, and
number of sperms in rectilinear movement in the
NaF groups in contrast to the control groups.

Table 5. Effects of different sub lethal concentrations of sodium fluoride on the movement of sperm, mean + SE.

groups Control 150 ppm 300 ppm
parameters
Linearity% 4552 £2.51 3451+1.74 21.32+0.84
A b c
Straight forward 21.75+1.72 11.34+1.00 9.77+£1.12
A b b
Wobbling 258.25 + 6.37 188.56 + 15.19 146.46 + 7.03
A b c
Beating cilia frequency 15.83+0.90 9.60+0.66 5.66+0.84
time/s A b c
Number in fast rectilinear 1.30+0.12 0.66+0.06 0.30+0.11
movement/10° A b c

(a-c) Different letters mean a significant decrease between the groups at the probability p<0.05.

Effects of NaF in drinking water on the sex
hormone

From Table 6, it is clear that there is a significant
reduction (p<0.05) in all levels of male sex
hormones including testosterone (TS), follicle
stimulating hormone (FSH), and luteinizing

hormone (LH ), in the treated groups as compared

with the untreated control group. However, another
similar significant decrease was seen in the level of
TS hormone of the treated group given 300 ppm of
sodium fluoride as compared to the treated group
given 150 ppm of the same compound (Table 6).

Table 6. Effects of sub lethal concentrations of sodium fluoride on sex hormone, mean + SE.

Groups TS(ng/ml) FSH(ng/ml) LH(mIU/ml)

Control 2.72n+ 0.15j 1.22+0.13 0.94+0.18
a a a

150 ppm 1.82+0.18 0.49+ 0.08 0.64 £ 0.08
b b ab

300 ppm 0.85+0.12 0.32£0.05 0.43+0.13
C b b

(a-c) Different letters mean a significant decrease between the groups at the probability p<0.05.

Discussion

Oxidative stress, reproductive abnormalities, and
infertility may be triggered by different
environmental toxicants. Fluoride is well-known to
have adverse effects on various living organisms as
a toxic pollutant for the environment (15, 16).
Fluoride is naturally present in all surfaces and well
waters. Based on a variety of factors, such as
volcanic rocks and minerals, it may be very high in
ground water. Drinking water is the major source
of fluoride, contributing to the dental exposure
(17). High level of fluoride causes toxic effects on
the male genital system, such as injury of
reproductive organs, tissues and cells (17),

95

disturbance and dysfunction of endocrine
reproductive system (16), and the expression of
steroid genesis (17).

Sperm quality is one of the most significant male
reproductive genital indexes. Fluoride-induced
sperm quality changes have been seen in vivo and
in vitro in many species, such as guinea pig, rats,
chicken and rabbit (18). Experimental outcomes
vary, however, some studies suggest that
spermatogenesis in rats is not affected by exposure
to sodium fluoride (19), on the other hand,
experimental studies propose that low sperm
quality and quantity may be caused by giving
fluoride leading to reduced fertility (20). A fall in
sperm viability and a high occurrence in sperm
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abnormality were obtained in the current study of
the treated groups with 150, 300 ppm of NaF for 90
days and subsequent findings were recorded by
several researchers (21).

The process by which fluoride affects the motility
of sperm has not been explicitly described.
However, it has been postulated that sodium
fluoride could directly act on sperm motility
without influencing other metabolic processes (22).
One possible technical issue could be due to
reduction in the amount of fructose level, which
provides capacity for motility in the vas deferens
and seminal vesicle with consequent changes in
carbohydrate metabolism (23).

It was postulated that fluoride may suppress
function of many enzymes, the first work of
fluoride is that binding with cofactors such as Se,
Zn, Ca, and Mg, thereby inhibiting glycolysis,
breathing, and sperm motility, or it may cause
insoluble complex with phosphates or magnesium
in enzyme like alkaline phosphatase, and acid (23)
leading to adverse action. At the present study,
there was a significant reduction in sperm motility
and progressive motility in the treated groups with
sodium fluoride for 90 days as compared to the
control groups. However, such finding correspond
with those of several researchers (24) who
confirmed that exposure of male mice to 25, 50 and
100 mg/L of sodium fluoride for 90 days decreased
motility of sperm due to inhibition of mitochondrial
aspiration.

Not only does the smooth progress of
spermatogenesis involve a suitable environment in
the testis, but various sex hormones are also
involved (25), Leydig cell-generated Ts, which
regulated spermatogenesis in the initial stage. Any
reduction in the content of Tscan leads to fail of
spermatocyte and infertility (26).

Previous studies have shown that exposure to
fluoride in Leydig cell can inhibit the development
of TS, influencing spermatogenesis (25). In the
current work, the level of TS is decreased in the
treated groups with 150, 300 ppm of NaF, this
reduction may be due to structural injury to Leydig
cells of the treated groups. Ma et al recorded that
fluoride can mainly affect Ts synthesis through
Leydig cell structure damage. Moreover, several
hormones such as FSH, LH, and E2 are co-operated
in maturation and spermatogenesis, under the
influence of FSH. Sertoli cells of testes synthesize
estrogen and androgen. However, estrogen can
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affect the secretion of androgen and gonadotropin
through the regulation and maturation of sperm and
lately spermatogenesis. Similar studies, however,
have shown that fluoride can inhibit the circulation
of FSH, secretion of E2, and distribution of LH and
TS in the axis of hypothalamus-pituitary-axis (25).
The current result indicated that the level of sex
hormones were decreased in the treated groups, this
reflects that sodium fluoride can disturb the
secretion of TS, LH, and FSH, with subsequent
blockage of maturation and inhibition production
of sperm, leading to dysfunction of the physiology
of the reproductive system.

Conclusions

From the present results we conclude that
treatment with NaF for 90 days causes toxic effects
on the male genital system, reflected by
impairment of sperm motility and quality,
distributing the secretion of sex hormones and
decrease their levels, and finally causes
reproductive dysfunction

Acknowledgment

The authors desire to thank and express their
appreciation to the College of Veterinary
Medicine,  University of Baghdad and
University of Mosul for their support.

Conflict of interest

The Authors have no conflict of interest about the
study
References

1. Ashkani-Esfahani S, Bagheri F, Emami Y,
Esmaeilzadeh E, Azarpira N, Hassanabadi N.
Protective effects of Co-enzyme Q10 on
thioacetamide-induced acute liver damage and
its correlation with behavioral, biochemical,
and pathological factors. Iranian Red Crescent
Med J.2016, 19;18(8).
doi.org/10.5812/ircmj.29166.

2. Ben-Meir A, Burstein E, Borrego-Alvarez A,
Chong J, Wong E, Yavorska T. Coenzyme
Q10 restores oocyte mitochondrial function
and fertility during reproductive aging. Aging
Cell. Wiley. 2015, 26;14(5):887—
95.doi.org/10.1111/acel.12368.

3. Kaminsky LS, Mahoney MC, Leach J, Melius
J, Jo Miller M. Fluoride: benefits and risks of
exposure. Critical reviews . Oral Bio and



The Iraqgi Journal of Veterinary Medicine, 44 (2): 92-98

2020

10.

11

12.

Med. 1990;1(4):261—
81.doi.org/10.1177/10454411900010040501
Mahejabeen M, Hajira T. Determination of
levels of fluoride and trace metal ions in
drinking waters and remedial measures to
purify water. Afr] Bio Acad.
2007.19;6(22):2541—
9.doi.org/10.5897/ajb2007.000-2405

Cotruvo JA. WHO Guidelines for Drinking
Water Quality: First Addendum to the Fourth
Edition. J Am Water Works Asso.
2017,1;109:44-51.
doi.org/10.5942/jawwa.2017.109.0087.
Fallahzadeh RA, Miri M, Taghavi M,
Gholizadeh A, Anbarani R, Hosseini-
Bandegharaei A, et al. Spatial variation and
probabilistic risk assessment of exposure to
fluoride in drinking water. Food and Chem
Toxicol. 2018 ,113:314—
21.doi.org/10.1016/j.fct.2018.02.001.
Strunecka A, Strunecky O. Mechanisms of
luoride toxicity: from enzymes to underlying

integrative networks. Appl Sci.
2020;10(20):7100.
doi.org/10.3390/app10207100.

Ortiz-Pérez D, Rodriguez-Martinez M,

Martinez F, Borja-Aburto VH, Castelo J,
Grimaldo JI, et al. Fluoride-induced disruption
of reproductive hormones in men. Environ
Res. 2003;93(1):20—
30.doi.org/10.1016/s0013-9351(03)00059-8.
Al-Okaily BN. Effect of pomegranate seed oil
against hepatotoxicity- induced by sodium
fluoride in adult female rats (Part I1). Iragi JVet
Med. 2019; 43(1):102-12.
doi.org/10.30539/iragijvm.v43i1.480.
Heindel J. Developmental toxicity evaluation
of sodium fluoride administered to rats and
rabbits in drinking water. Fundamental Appl
Toxicol. 1996;30(2):162-77.
doi.org/10.1006/faat.1996.0053.

. Cicero L, Fazzotta S, Palumbo VD, Cassata G,

Lo Monte Al. Anesthesia protocols in
laboratory animals used for scientific
purposes. Acta Biomed. 2018, 8;89(3):337-
342. doi: 10.23750/abm.v89i3.5824.

Mohammed, W.H.Histological and functional
study of white malemice testes and kidney
treated with tecrium polium aqueous.
EngTech. J. 2010;28:20-

97

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

21.https://www.japsonline.com/admin/php/up
loads/1675.

Ngaha MI, Massoma D, Koloko BL, Yong G,
Ebrahimi M, Awad EA, et al. Sperm
parameters quality and reproductive effects of
methanolic extract of Alchornea cordifolia
leaves on senescent male rats. Androl.
2019;51(9). doi.org/10.1111/and.13359.
Wade AL. A handbook of statistical analyses
using SPSS. Boca Raton: Chapman and Hall
press; 2004. 34-58 p.
doi.org/10.1002/sim.2134.

Ayoob S, Gupta AK. Fluoride in drinking
water: A reviewon the status and stress
effects.JCrit Rev Environ Sci Technol.
2006;36:433-487. https://doi.  org/10.1080/
10643380600678112.

Bhatt RN, Vyas DD, Meda RB, Rao MV.
Alleviation of fluoride toxicity by melatonin in
reproductive function of male rat. Indian J
Appl Res Glob J. 2011;3(12):563-5.
doi.org/10.15373/2249555x/dec2013/172.
Yokoi K, Uthus EO, Nielsen FH. Nickel
deficiency diminishes sperm quantity and
movement in rats. Biol Trace Element Resh.
2003;93(1-3):141-54. doi.org/10.
1385/bter:93:1-3:141

Kim J, Kwon W-S, Rahman MS, Lee J-S,
Yoon S-J, Park Y-J, et al. Effect of sodium
fluoride on male fertility.  Androl.
2015,8;3(3):544-51. doi.org/10.1111/andr
.12006.

Collins TFX, Sprando R, Black TN,
Shackelford ME, Bryant MA, Olejnik N, et al.
Multigenerational evaluation of sodium
fluoride in rats. Food Chem Toxicol.
2001,39(6):601-13.doi.org/10.10  16/s0278-
6915(00)00172-1.

Chaithra B, Sarjan HN. Sodium fluoride and
fluoride contaminated ground water induced
altered reproductive rerformances in male rats.
Bioll Trace Element Res. 2019;195(2):544—
50. .doi.org/10.1007/s12011-019-01882-5.
Kim J, Kwon W-S, Rahman MS, Lee J-S,
Yoon S-J, Park Y-J, et al. Effect of sodium
fluoride on male mouse fertility. Androl.
2015,8;3(3):544-51.
.doi.org/10.1111/andr.12006.

Ghosh D, Das(Sarkar) S, Maiti R, Jana D, Das
U. Testicular toxicity in sodium fluoride
treated rats: association with oxidative stress.


https://doi/

The Iraqgi Journal of Veterinary Medicine, 44 (2): 92-98

2020

23.

24,

Reprod Toxicol. 2002,16(4):385-90. doi.org/
10.1016/s089 0-6238(02)00038-2.
ZakrzewskaH, Udalal, Blaszczyk B. In vitro
influence of sodium fluoride on ram semen
quality and enzyme activities. Fluoride. 2002;
35:153-60.

Sun Z, Zhang W, Xue X, Zhang Y, Niu R, Li
X, et al. Fluoride decreased the sperm ATP of
mice through inhabiting mitochondrial
respiration. Chemosph. 2016; 144:1012—

25.

26.

7.doi.org/10.1016/j.che
mosphere.2015.09.061.

Smith LB, Walker WH. The regulation of
spermatogenesis by androgens. Cell Develop
Biol.2014,30:2-13.doi.org/10.10
16/j.semcdb.2014.02.01.

Dai S, Ren D, Ma S. The cause of endemic
fluorosis in western Guizhou province,
southwest China. Fuel.2004;83(14-15):2095—
8. doi.org/10.1016/j.fuel.2004 .03.016.

iy gial) i) gual) Bl Jo a 523 gaaal) gl Balal Jaca gl Ciaall ¢y 93 JuS i) s
AL pldal) 3 ad) s gSM dpdal) i ga gl

2Bl 2 ) (o i 5 1 g glaad) analy Jyo0

@lad) (Jua sall (g gall daala ¢ sl Ghal) 4408 () gall ) jal g () ¥ g A1
Gl iy (318 daaly g lad) Gaball 43S (il gall ) gal g Gl ) g b 2

-

AadAll

sJ)EQQU_u\X\eA_uSJLﬁc\QSA:\J cu\ﬁ;l\_,u@&“ﬁ@dﬁ.&d\w&g&ﬂ\ JJEQM‘%&BPY‘Q‘M\E
S i e i (5,83 Ll Sleall o Akl Y5 cadl pall i¥ane (alisily colaall s S s ISl 5l
%J}h@h&é\@&\h\)ﬂ\ i\éd&jc JJM\.}M\Q&BJA&\ ‘_al_..a;‘z(\‘;csqul\ u\mJC_I_).\S\J:\:\_.A;J\
Dl ¢ 5a )5 65 i sinil) ) sa pa Gy G Lay Al G g sl (5 e 5 A siall Dl gl LGS e 6 500 siall
O sana (A0 5 die 5 5y Las 100-90 W lee) cm gl 5 () 13 pa ) 583 ap i o ATl () a5l 5 e sl
sl e gsalalls ¢ 32 300 <150 alaaiuly (e seaall cilagec il e gde gana IS0 a 10 @850 fiallas
sl ‘geﬁa}.‘d\ ) o8 3ala Aalledl) @.A\AA]\ Cubae) Al de geaeS 3 2 10 Syl s‘g\jﬂ\ AL eﬁd}...aj\
A sial) Ul geal A8 ¢ siall il anl de e giall i) gl 38 8 e g o Laliil leall e ol s il 4l
il goall e ¢y giall i) gl S5 A (s sine paliail 2 ga s e il i Sy 6 play ull Ao ganar 4 jlis Lgie yu g
oS s'é‘)kg_ud\:u:w&aﬂ)\saw\ b ga el (5 61 e g Ay giall Ol gaall A8 4, giall ) gaad) A4Sy (A g3l
Ll Ainll S g ell (5 stuna s s S il Sleal 36lS (pa I o 33 gaall 215588 3ala o) sl jall (pa LY

psgall )9l (1 adl (g S ¢ ga gl (abiald) Ay gaa <5 SA Al Glgad) sAalidal) cilall)

98



