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ABSTRACT

Studies have shown that Chlorpyrifos (CPF), an @ogaosphate (OP) insecticide alters both sex and
thyroid hormones. Apart from inhibiting Acetylchonéisterase (AChE) activity, CPF has been shown to
cause oxidative stress. The antioxidant potent&imany flavonoid-containing plants are increasyngl|
being exploited in the therapy of many infectiousd anon-infectious diseaseklibiscus Sabdariffa
(HS) is one of the most widely used nutraceutith has been used traditionally to combat various
illnesses due to its high flavonoid contents. Thespnt study was therefore aimed at evaluating the
ameliorative potentials of H®n subchronic chlorpyrifos-evoked alterations inx send thyroid
hormones in male Wistar rats. Forty-two (42) yowadult male Wistar rats were divided at random
into six groups containing seven (7) rats per gro@poup | was administered distilled water (2 mL
kg™) only while group Il received soya oil (2 mL Ky, Group Il was dosed with only aqueous extract
of HS (500 mL kg* ~ 1/10" of theLDs), while group IV was given CPF (10.6 mL Rg~ 1/8" of the
LDso). Group V was pretreated with low dose of HS (286 kg* ~ 1/20" of theLDso) and then
administered reconstituted CPF (10.6 mg‘kg30 min later. Group VI was pretreated with highse

of the HS (500 mg kd) and then administered CPF (10.6 mg*kg30 min later. The regimens were
administered orally by gavage once daily for a perof 11 weeks. At the end of the treatment period,
sera obtained from the blood samples were analjaedhe levels of Follicle-Stimulating Hormone
(FSH), Luteinizing Hormone (LH), testosterone, thigk hormones (3, T, and TSH) and AChE.
Thyroid and pituitary glands of each rat were alswaluated for Malondialdehyde (MDA)
concentration. Results showed a non-significant0(p5) decrease in the concentrations of FSH, LH
and testosterone in the CPF group relative to therogroups. There was significant decrease (p30.05
in the concentrations of;TT, and an increase in TSH in the CPF group relativéhe other groups.
There were significant increases (p<0.05) in MDAcentrations in the thyroid and pituitary glands in
the CPF group compared to the other groups. Pteted with aqueous extract of HS demonstrated a
dose-dependent amelioration of CPF-induced altemnatin the levels of testosterone, LH, FSH, AChE,
T3, T4 and TSH in the serum and that of pituitary andréity glands MDA. This may be partly due to
its high level of polyphenolic compounds that conits antioxidant and possibly AChE restoration
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activities. It is therefore concluded that pretmeant of individuals who are occupationally exposed
CPF and probably other OPs with the extract of H& mesult in protection from the insecticide-
induced adverse reproductive health outcomes.

Keywords: Chlorpyrifos, Sex and Thyroid Hormoridibiscus Sabdariffa, Amelioration

1. INTRODUCTION to the commencement of the study. The procedures
involved in the handling of Laboratory Animals wene

Global concern concerning the impairment of consonant with the Guide for the Care and Use of
reproductive capacity of individuals due to endmeri Laboratory Animals by the Ahmadu Bello University
disrupting chemicals is on the increase (Balanit., 2011)  Ethic Committee for Animal Experiments.
Chlorpyrifos (CPF), an Organophosphate insecti¢{oe) . e
that is widely used in agriculture, horticulturedapublic 2.2. Plant _Collect|on, | dentification  and
health has been shown to disrupt the activitiesnobcrine Preparation

organs (De Angelit al., 2009). CPF has been shown to  pyried calyces of HS was obtained from Samaru market
pose a serious threat to the integrity of the malejn zaria, Nigeria and were taxonomically identifiedd
reproductive system (Viswanaghal., 2010; Shittuet al.,  guthenticated (voucher number 1802) in the Herbariu
2012a, 2012b; 2013). Proper functioning of hypatital-  section of the Department of Biological Sciencemldu
pituitary-thyroid axis is indispensable in sevelddy  Bello University, Zaria and a voucher specimen gipd.
systems, including, that of reproduction. Despite t The calyces were then sorted and ground to powder.
conservative nature of th_e thyroid system, its iolBuman Powdered calyces of HS was extracted in distilledew
and animal reproduction and development of thefor 72 h using the cold extraction method and ésailting
reproductive tract cannot be overemphasized (Sthgh,  fiitrate was concentrated using hot water bath in a
2011). Apart from the inhibition of acetylcholinesise, the  evaporating dish to produce the residue known as th
induction of oxidative stress due to increase fiamtical  extract. The resulting extract was further air diri the
generation and decrease systemic antioxidant Eiterg shelf to a constant weight and % yield determiriee

one of the other mechanisms implicated in CPF #y9xic  resulting residue labeled aqueous extract of(RBHS),

(Shittu et al., 2012a; 2012b; 2013). Oxidative stress, were stored in a refrigerator at -4°C until reqgifer use.
attributed to cellular and subcellular alteratioms

prooxidant and antioxidant ratio in favour of teenfier has ~ 2.3. Chemical Acquisition and Preparation
been linked with the pathogenesis of several diseas

The antioxidant potentials of many flavonoid
containing plants are increasingly being exploiied
therapy (Ambaliet al., 2012). HSis one of the most
widely used nutraceuticals that has been used
traditionally to combat various illnesses due ®hitgh
flavonoid contents. Therefore, the aim of the pmese
study was to evaluate the ameliorative potenti&lsi®
on subchronic chlorpyrifos-evoked alterations ir aad
thyroid hormones in male Wistar rats. 2.4. Subchronic Reproductive Toxicity Study

2 MATERIALSAND METHODS The 42 young adult male_ Wistar rats were divided at
random into six groups containing seven (7) ratsgpaup.

: : Group | (DW) was administered distilled water (2 &y-")
2.1. Experimental Animals only, Group Il (S/oil) received soya oil (2 mL Ky Group
Forty two (42) young adult male Wistar rats (130- Il (AEHS) was dosed with aqueous extract of HS)(&fp
1549) were obtained from the Laboratory Animal Hous kg™ ~ 1/10" of theLDs); Group IV (CPF) was given CPF
of the Department of Veterinary Pharmacology and (10.6 mg kg' ~ 1/8" of the LDs, (Ambali, 2009)
Toxicology, Ahmadu Bello University, Zaria. They ige  reconstituted in soya oil; Group V (LAEHS+CPF) was
housed in metallic cages in the animal holdinglifgodf pretreated with low dose of the extract of HS (B%kg"
the Department. The rats were fed standard ra{di&l ~ 1/20" of theLDsy) and then administered reconstituted
Feeds, Nigeria) and water was provideatllibitum. The CPF (10.6 mg kg (Ambali, 2009), 30 min later; Group VI
animals were allowed to acclimatize for two weeksip ~ (HAEHS+CPF) was pretreated with high dose of ttieaek

Commercial grade chlorpyrifos (20%  E.C.
TERMICOT® Sabero Organics, Gujarat, India), used for the
study was reconstituted in soya oil (Grand Cer@dIMills
Ltd., Jos, Nigeria) to a 10% stock solution. Theaet was
reconstituted in distilled water to a 10% stockisoh prior
to daily administration. The remaining chemicaledién
the study were of analytical grades and were oddafrom
Sigma-Aldrich (Germany).
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of HS (500 mg kg) and then administered reconstituted a UV spectrophotometer at 532 nm. The MDA
CPF (10.6 mg Kg), 30 min later. The regimens were concentration on the thyroid and pituitary glandswa

administered orally by gavage once daily for aqueof 11
weeks. At the end of the treatment period, the alsinvere
sacrificed by jugular venesection after light chform
anesthesia. Three millilitre (3 mL) of blood cotkxt from
each animal into a test tube were allowed to ahot then
incubated on the shelve for 30 min. Thereaftenvats
centrifuged at 60ox g for 10 min to obtain seruime Fera
samples were analyzed for the concentrations dicleol
Stimulating Hormone (FSH), Luteinizing Hormone (LH)
testosterone and [thyroid hormones (Triiodothyren(i),
Thyroxine (T;) and Thyroid Stimulating Hormones (TSH)]
and the activity of acetylcholinesterase. Thyroidd a

calculated by the absorbance coefficient of MDA-TBA
complex 1.566x1Wcm and expressed in nmolL/mg of

protein. The protein contents of both samples were
determined using the method of Lovetyal. (1951).

2.7. Evaluation Thyroid
Concentration

of Hormones

Thyroid hormones (3, T, and TSH) concentrations
were assayed using enzyme immunoassay kit (Syntron
Bioresearch Inc., Carlsbad, U.S.A.).

pituitary glands of each rat were also analysed for2.8. Evaluation of Serum Acetylcholinesterase

Malondialdehyde (MDA) concentrations.

2.5. Evaluation of the Concentrations of FSH,
LH and Testosterone

The concentrations of serum FSH, LH and

Activity

Acetylcholinesterase activities of the pituitary
gland and testes were determined using the method o
Ellman et al. (1961), with acetylthiocholine iodide as
substrate. The AChE activity was calculated basethe

testosterone were assayed using enzyme immunoassayte of colour change, using the extinction co#ffit of

ELISA kit (Syntron Bioresearch Inc., Carlsbad, AS$.
as stated by the manufacturer.

2.6. Evaluation of Thyroid and Pituitary Gland
M alondealdehyde Concentrations

The level of thiobarbituric acid reactive substance
MDA as an index of lipid peroxidation was evaluated
the thyroid and pituitary gland tissues using tloeitde

heating method of Draper and Hadley (1990). The

principle of the method was based on spectrophdtame
measurement of the colour developed during reaafon
Thiobarbituric Acid (TBA) with MDA. The thyroid and
pituitary gland from each animal in all the groupsre

1.36x10 expressed as nanomoles/min/mg protein.
2.9. Statistical Analysis

Values obtained were expressed as mean + SEM and
then subjected to one-way Analysis of Variance
(ANOVA) followed by Tukey post-hoc test. Values of
p<0.05 were considered significant.

3.RESULTS

3.1. Concentrationsof FSH, LH and Testoster one

There was no significant change (p>0.05) in the FSH
concentration in between the groups. However, tR& C

rapidly removed, weighed using a precision weighing group had the lowest FSH concentration with it Isve
scale and then homogenized in a known volume of ice decreasing by 44.4, 31.452.1, 33.7 and 14.2%

cold phosphate buffer to obtain a 10% homogendiehwv
was then centrifuged at 6,000x g for 10 min to iobtlae
supernatant. The supernatant was then used tosabses
level of protein and MDA in the samples. Briefly, DM
concentration in the supernatant of thyroid anditaity
gland homogenates were evaluated as follows: 2.%fmL
100 g L* trichloroacetic acid solution was added to 0.5
mL of supernatant from the thyroid and pituitanargl
homogenates in a centrifuge tube and placed inilendpo
water bath for 15 min. After cooling under tap wdte 5
min, the mixtures were then centrifuged at 100G8rd.0
min. Thereafter, 2 mL of the supernatant was added
mL of 6.7 g > TBA solution in a test tube and placed in
a boiling (100°C) water bath for 15 min. The sauativas
cooled under tap water and the absorbance meassiregl

////4 Science Publications 98

respectively relative to DW, S/oil, HAEHS, LAEHS +
CPF and HAEHS + CPF groupsig. 1).

There was no significant change (p>0.05) in the
LH concentration in between the groups. However,
the LH concentration in the CPF group, was reldyive
lower by 22.0, 13.3, 33.3, 40.0 and 18.0%,
respectively, relative to DW, S/oil, HAEHS, LAEHS
+ CPF and HAEHS + CPF groupiig. 2).

There was a significant (p<0.05) decrease in the
serum testosterone concentration in CPF groupivelat
to the S/oil and HAEHS group. Although not sigrafit
(p>0.05), the testosterone concentrations in th&HA&

+ CPF and HAEHS + CPF were relatively higher,
increasing by 35.5 and 41%, respectively when
compared to the CPF grouiig. 3).
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Fig. 1. Effect of subchronic exposure to Distil Water (DVBpya oil (S/oil), Ageous extradi. sabdariffa (HAEHS) and/or
chlorpyrifos (CPF) on serum follicle stimulating hawne in adult male wistar rats
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Fig. 2. Effect of subchronic exposure to Distil Water (DVWHoya oil (S/oil), ageous extraét. sabdariffa (HAEHS) and /or
Chlorpyrifos (CPF) on serum luteinizing hormone caricion in adult male wistar rats
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Fig. 3. Effect of subchronic exposure to Distil Water (DVBoya oil (S/oil), ageous extract bf. sabdariffa (HAEHS) and/or
Chlorpyrifos (CPF) on serum testosterone concentrati@dult male wistar rat&p<0.05 Versus S/oil and HAEHS
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Fig. 4. Effect of subchronic exposure to Distil Water (DVWHoya oil (S/oil), ageous extraét. sabdariffa (HAEHS) and /or

Chlorpyrifos (CPF) on serum triiodothyronines€oncentration in adult male wistar rét%<0.05 Versus S/oil, HAEHS and
HAEHS+CPF
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Fig. 5. Effect of subchronic exposure to Distil Water (DVWjpya oil (S/oil), ageous extratt. Sabdariffa (HAEHS) and /or
Chlorpyrifos (CPF) on serum thyroxinefEoncentration in adult male wistar rat$<0.05 Versus S/oil, LAEHS+CPF and

HAEHS+CPF
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Fig. 6. Effect of subchronic exposure to Distil Water (DV@oya oil (S/oil), ageous extract bf. Sabdariffa (HAEHS) and/or
Chlorpyrifos (CPF) on thyroid stimulating hormone H)Sin adult male wistar rat€%<0.01 Versus S/oil, HAEHS,
LAEHS+CPF and HAEHS+CPEp<0.05 Versus HAEHS

,///4 Science Publications 101 AJPT



Shittu Muftauet al. / American Journal of Pharmacology and Toxicol&di): 96-106, 2014

30
o 25
= 20 A
=
=
3
5 15 4
.’é
2
= 10
=
2
|5
2
S 5
5
v
0
S/oil HAEHS LAEHS+CPF HAEHS+CPF
Treatments

Fig. 7. Effect of subchronic exposure to Distil Water (DV®opya oil (S/oil), ageous extract bf. Sabdariffa (HAEHS) and /or
Chlorpyrifos (CPF) on serum acetylcholinesteraseviagin adult male wistar ratdp<0.05 Versus S/oil and LAEHS+CPF
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Fig. 8. Effect of subchronic exposure to Distil Water (DV®opya oil (S/oil), ageous extract bf. Sabdariffa (HAEHS) and /or
Chlorpyrifos (CPF) on pituitary gland MDA concentaatiin adult male wistar rat&p<0.01 Versus DW, S/oil, HAEHS,
LAEHS+CPF and HAEHS+CPF
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Fig. 9. Effect of subchronic exposure to Distil Water (DV@oya oil (S/oil), ageous extract bf. Sabdariffa (HAEHS) and/or
Chlorpyrifos (CPF) on thyroid MDA concentration in wdid male Wistar rats®p<0.05 versus DW, S/oil, HAEHS,
LAEHS+CPF and HAEHS+CPFp<0.01 Versus HAEHS+CPF

3.2. Thyroid Hormones Concentr ations (p<0.01), S/oil  (p<0.01), HAEHS (p<0.01),
LAEHS+CPF (p<0.05) and HAEHS+CPF (p<0.01)

There was a significant (p<0.05) decrease N T groups, respectivelyF{g. 8).
concentration in the CPF group, when compared t0" The thyroid gland MDA concentration of the CPF
that obtained from the S/oil, HAEHS or HAEHS + group was significantly higher compared to thatttod

CPF gI’OUp Elg 4). The_re was a significant (p<0.05) DW (p<0_05), HAEHS (p<0_05)' LAEHS+CPF (p<0_01)
decrease in jconcentration in the CPF group, when .. HAEHS+CPE (p<0.05) grouFig. 9).
compared to that of S/oil, LAEHS +CPF and HAEHS

+CPF groups, respectivelig. 5). There was significant 4. DISCUSSION
(p<0.01) decrease in TSH concentration in the QBEm '

was a significant (p<0.01) decrease in TSH conaatr  jjfference in the FSH concentration between theigso
in S/oil group compared to that of LAEHS+CPF and \yhen compared to one another. However, the CPFpgrou
HAEHS+CPF groups, respectivelyig. 6). had the lowest FSH concentration when compared to
; i other groups. This observation agreed with the iptev
3.3. Serum Acetylcholinesterase Activity work that pesticides, including CPF lowered the FSH
There were significant increases (p<0.05) in the |evel (Zidan, 2009; Mandal and Das, 2011; Usial.,
AChE activity in the DW, HAEHS, LAEHS + CPF and 2013; Shittuet al., 2013). FSH, a member of pituitary
HAEHS + CPF groups relative to that of the CPF grou glycoprotein, plays a dual role in spermatogendsis
respectively Eig. 7). directly affecting the sertoli cells to stimulatecainitiate

3.4. Pituitary and Thyroid Glands germ cell number and indirectly, enhances androgen

. production by the Leydig cells (O’Shaughnessyal.,
M alondealdenyde Concentrations 2010). FSH and androgen act to stimulate and mainta

The pituitary MDA concentration in the CPF group spermatogenesis. The low FSH concentration in the
was significantly higher when compared to that &/D CPF group, apparently, occurred as a result of
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dysfunction in all the stages of hormonal regulatio concentrations in the CPF group agreed with those
involving hormone receptor recognition and binding, recorded by previous workers following pesticide
hormone post-receptor activation, thyroid functemd exposure (Zidan, 2009). This observation may betedl
central nervous system (Mathetral., 2010). OPs have to the inhibitory effect on genes, involved in
been shown to disrupt the hypothalamo-pituitary gonadotropin  synthesis, or interference  with
endocrine function (Diamanti-Kandarakés al., 2009;  steroidogenesis (Liet al., 2012). Similary, CPF has
Fattahiet al., 2009), resulting in alteration in the levels been reported to cause damage to the GnRH gene
of gonadotropins. Similarly, OPs have been repotted €xpression, hence reduction in LH and FSH (@ail.,
possess androgen receptor antagonist and suppress t2013) The AChE inhibition by CPF could lead to
gene responsible for gonadotropin synthesis (LH andimpulse blockade, which may have suppressed tha bra

FSH) or steroidogenesis (Latal., 2012).

synthesis and/or release of gonadotropins (LH &Bid)F

The present study has shown that CPF increased thdu€ o inhibition of their releasing hormone (Watts

concentration of MDA in both the pituitary and tbig
glands. Previous studies have also shown incredsii
concentration in various organs following CPF expes
(Ambali et al., 2010; Bas and Kalender, 2011; Shétal.,
2012a). MDA is a by product of lipidperoxidation
resulting from interaction of oxygen radicals with

polyunsaturated fatty acids residues in membrane.l.his
phospholipids that damages important biomolecular

(Naudi et al., 2013). Oxidative damages has been
reported to be a key factor in the subcellular dgena
resulting from pesticide exposure (Kunwtral., 2013).
Thus the high MDA contents of both pituitary and
thyroid tissues in the CPF group are indicationshef
level of lipoperoxidative changes, reflecting atéon in
the structural and, consequently functional stattishe
organs. Furthermore, increase in lipid peroxidatiothe
pituitary might have resulted from failure of imat
antioxidant system of the body to curtail the RGEhg
generated (Umosest al., 2012) as a result of exposure to
CPF and its ability to penetrate the blood-braimnriea
(EL-Hossaryet al., 2009). It is documented that the brain
is most susceptible to lipid peroxidation due ® high
oxygen utilization, relatively poor antioxidant g% and
the presence of easily oxidizable fatty acids (Guesl
Grant, 2012). The increase in pituitary and thyfgiBbA
concentration which is indicative of participatioh free
radical-induced damage to the pituitary and thygg#ahds
may be responsible for the decrease in the commtemtrof
FSH, LH, testosteronesnd T, respectively observed in
the CPF treated group.

The lipoperoxidative damage to the pituitary glands enhanced

of the CPF group may have altered its structuraigirity
and functional status consequently affecting thetssis
and release of the gonadotropins. The improvement i
the FSH concentration in the group pretreated ihis

a demonstration of the ameliorative potentials & &h
CPF —evoked pituitary lipoperoxidative changes.

2012; Saiet al., 2013). Low levels of LH concentration
have been shown to have long term effect on thaligey
cells involved in testosterone production in males
(Pantalone and Faiman, 2012) while FSH plays a
significant role in the maturational stages of
spermatozoa. In the present study, pretreatmertt wit
Aqueous HS increased the FSH and LH concentrations.
indicates that oxidative damage to the
hypothalamus and pituitary gland may have played a
significant role in decreasing the FSH and LH
concentrations recorded in the CPF group.

The decrease in the testosterone concentration
recorded in the CPF group when compared to ther othe
groups may be linked to the inhibitory effect ofeth
pesticide on the secretion of pituitary gonadotnepi
(FSH and LH), which aids in testosterone biosyrithes
(EL-Kashoury et al., 2010). Decrease in testosterone
concentration may have occurred due to direct danag
the Leydig cells (Zidan, 2009). The increased MDA
concentration indicates lipoperoxidative changes)ce
possible oxidative damage to the testicular tissues
including the Leydig cells. These changes apparentl
impaired the synthesis of testosterone. Theretbeslow
testosterone concentration in the CPF group can be
linked to combined effects of oxidative stress irehl
lesions in the brain and testicular tissues. Thare
restoration of the testosterone concentration ip th
groups pretreated with aqueous HS indicates its
antioxidative properties. The preservation of titegrity of
testicular tissues, especially that of the Leydiliscdue to
the antioxidant effect of aqueous HS may have apgigr
the biological response to LH, which
subsequently stimulated it to produce testosterone.

The increased sTand T, concentrations in the CPF
group may be related to peroxidative damage to the
thyroid glands as demonstrated by increased MDA
concentration in this organ. Furthermore, the iasee
TSH concentration following CPF exposure refledts t

The study showed a decrease in the FSH and LHresponse of this hormone to the lowereg and T,
concentrations in the CPF group when comparedéo th concentrations. TSH stimulates the thyroid glands t

other groups. The reduced concentration of FSHL&hd
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of the thyroid glands to respond to increased TSHAmbali, S.F., 2009. Ameliorative effect of antioaiat

stimulation for the elaboation of;Tand T, in the CPF vitamins C and E on neurotoxicological,
group may have been due to peroxidative damageeto t haematological and biochemical changes induced by
gland. The effect of thyroid hormones in both maiel chronic chlorpyrifos exposure in Wistar rats. PhD

female reproduction cannot be overemphasized. Apart  Dissertation, Ahmadu Bello University, Zaria, Niger
from its effect on the gonadotropins, the damagéhed  ampali, S.F., S.A. Adeniyi, A.O. Makinde, M. Shitand
thyroid gland may have been partly responsiblettier L.S. Yaqub, 2010. Methanolic extract of Phyllanthus
altered reproductive status that was previoushontepg niruri attenuates chlorpyrifos-evoked erythrocyte

following CPF exposure (Shitet al., 2013). Pretreatment e ; P ; i
with HS in the present study was shown to imprdwe t K?(?#Itxsg dslérfoggrsoxga;g/i;ggnges in Wistatsta

concentrations of fand T, and therefore moderated the . . .

CPF-evoked increase TSH concentration. This mag hav Balanic, D M Rupnik and .A'K'. Klemenmc, 2011.

been due to the antioxidant property of HS, whidtatts Negative impact of er_wdocrlne-dlsruptmg compounds

the thyroid glands from the peroxidative damage. on human reproductive health. Reprod. Fert. Dev.,
The decreased activity of serum AChE observed in  23: 403-416. DOI: 10.1071/RD09300

the CPF group can be linked to the inhibitory actod Bas, H. and Y. Kalender, 2011. Chlorpyrifos induced

CPF on the enzyme, which subsequently led to cardiotoxicity in rats and the protective effects o

accumulation of ACh at the post synaptic gangliod a Quarcetin abd catechin. GU. J. Sci. 24: 387-395.
cascade of dysfunctions in the peripheral and akntr De Angelis, S., R. Tassinari, F. Maranghi, A. Euseml
pathways. Correlation between decreased AChE gctivi A. Di Virgilio et al., 2009. Developmental exposure
and increased MDA concentration has been previously  to chlorpyrifos induces alterations in thyroid and
reported (Rastoget al., 2009). The significant increase thyroid hormone levels without other toxicity signs
in serum AChE activity seen in the groups pretrate  in Cd, Mice. Toxicol. Sci., 108: 311-319. DOI:
with AEHS shows the AChE restoration potential loét 10.1093/toxsci/kfp017
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