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Summary 
We h a v e ea r l i e r d e m o n s t r a t e d that q u i n i n e ( Q U ) is a tes-
t icular tox ican t . T h i s p resen t s t udy w a s a i m e d at eva lua t -
ing the e f f e c t s of Q U on both the s e r u m and tes t icular 
l eve l s of t e s to s t e rone (TT) in an a t t empt to e luc ida t e o n e 
of the potent ia l m e c h a n i s m s of Q U - i n d u c e d tes t icular tox-
icity. Th i r ty adult ma le S p r a g u e - D a w l e y rats we igh ing 180-
2 0 0 g w e r e used and w e r e r a n d o m l y d iv ided into 3 g r o u p s 
of 10 ra ts e a c h . R a t s in g r o u p 1 had d is t i l led water . Ra t s in 
g r o u p 2 had Q U o n l y at the d o s e of 10 m g / k g b o d y weigh t 
p e r d a y (5 d a y s in a w e e k ) fo r 8 w e e k s . Rats in g r o u p 3 rats 
had 10 m g / k g of Q U (5 d a y s in w e e k ) and 0 .05 mg /kg of T T 
(3 d a y s in a w e e k ) for 8 w e e k s . All the a n i m a l s w e r e sacri-
f i c e d at t h e e n d of 8 w e e k s by decap i t a t ion . S e m i n a l analy-
s is w a s d o n e o n the t ubu l a r f lu id asp i ra ted f r o m t h e cauda l 
e p i d i d y m i d e s . T h e t w o tes tes w e r e e x c i s e d , w e i g h e d , and 
v o l u m e e s t i m a t e d . O n e tes t i s of each rat (0 .25 g o f t i ssue) 
w a s h o m o g e n i z e d wi th P o t a s s i u m C h l o r i d e and T T level 
d e t e r m i n e d in the s u p e r n a t a n t o f the h o m o g e n a t e , wh i l e 
t h e o t h e r t es t i s w a s p r o c e s s e d fo r h i s to logy . M o r p h o m -
e t ry w a s c a r r i e d ou t by a s s e s s i n g the d i a m e t e r , c ros s - sec -
t iona l a r e a , n u m b e r of p r o f i l e s per unit a r ea , l ength dens i ty 
a n d n u m e r i c a l d e n s i t y o f the s e m i n i f e r o u s tubu le s , and 
t h e r e l a t i ve a n d a b s o l u t e v o l u m e o f t e s t i cu la r c o m p o n e n t s . 
T h e s e r u m l eve l s o f T T in all the a n i m a l s w e r e a l so de te r -
m i n e d a t t h e t i m e of s ac r i f i c e . B o t h t h e s e r u m a n d tes t icu-
lar l e v e l s of T T in ra ts a d m i n i s t e r e d Q U on ly w e r e s ign i f i -
c a n t l y ( P < 0 . 0 0 1 ) l o w e r than t h o s e of t h e con t ro l a n d Q U 
p l u s T T - t r e a t e d ra t s . W e c o n c l u d e that Q U i n d u c e s spe t -
m a t o g e n i c ep i the l i a l tox ic i ty by p o s s i b l y i n t e r f e r i n g with 
t h e s t e r o i d o g e n i c f u n c t i o n of t h e L e y d i g ce l l . 
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Resume 
C e t t e e t u d e ava i t p o u r but d c va lue r les ef fe ts d e la q u i n i n e 
s u r les t aux d e t e s t o s t e r o n e t e s t i cu l a i r e p o u r e l u c i d e r un 
d e s po ten t i e l s m e c a n i s m c s d e la tox ic i t e tes t icu la i re indui te 
p a r la q u i n i n e . T r e n t e s o u r i s m a l e d e S p a r g u e - D r a w l e y 
p e s a n t e n t r e 1 8 0 - 2 0 0 g e t a i en t u t i l i ses et di v i ses a u h a s a i d 
d a n s 3 g r o u p e s d e 10 s o u r i s c h a c u n . L e s s o u r i s d a n s le 
g r o u p e J r eceva ien t d e I ' cau d i s t i l l ee u n i q u e m c n t ; ceux 
du g r o u p e 2 r eceva i en t d e la q u i n i n e a la d o s e d e I Omg / k g 
d e p o i d s c o r p o r e l p e n d a n t 5 j o u r s d a n s la s e m a i n e et 
0 . 0 5 m g / k g d e t e s to s t e rone t e s t i cu l a i r e p e n d a n t 3 j o u r s d e 
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la s e m a i n e pour 8 s e m a i n e s . T o u s les a n i m a u x etaient 
sac r i f i e s a la fin de la 8 i c m c s e m a i n e par decap i t a t ion . 
L ' ana lyse semina le etait fa i te sur le f lu ide tubula i re aspi re 
d e s e p i d i d y m e s c a u d a u x . L e s 2 tes t icu les e ta ient exc i se s , 
peses et le v o l u m e es t imes . Un tes t icule d e sour i s (0 .25g 
de t issue) etait h o m o g e n e i s d avee le chlor i te d e po t a s s ium 
et le taux d e t e s tos te rone tes t icu la i re d e t e r m i n e d a n s le 
supe rna tan t h o m o g d n e i s c a lo r s q u e les tes t icu les e ta ien t 
ana lyses h i s t o l o g i q u e m e n t . La m o r p h o m e t r i e e tai t f a i t e 
pour eva lue r le d i a m e t r e . su r f ace , n o m b r e de p rof i l e par 
uni te d e su r f ace , dens i t e l o n g u e et dens i t e n u m e r i q u e 
d e s t u b u l e s s e m i n i f e r e s , et le v o l u m e t e s t i c u l a i r e d e s 
cons t i tuen t s . L e s taux du s e r u m et d e la t e s to s t e rone 
tes t icula i re chez ces a n i m a u x e ta ient d e t e r m i n e s a I h e u r e 
d e leur sac r i f i ce . L e s resu l ta t s d e s taux d u s e r u m et du 
taux d e tes tos terone test iculaire chez les sour is admin i s t res 
a la qu in ine etaient seu lement s ign i f ica t ivement p lus ba i s se 
q u e les taux o b s e r v e s au c o n t r o l e et au g r o u p e t ra i te d e la 
qu in ine plus t e s tos te rone tes t icula i re . N o u s a v o n s conc lu 
q u e la tox ic i t e ep i the l i a l e s p e r m a t o g e n i q u e indu i te p a r la 
q u i n i n e i n t e r f e r e p r o b a b l e m e n t a v e c la f o n c t i o n 
s t e r o i d o g e n i q u e d e s ce l lu l e s d e L e y d i g . 

Introduction 
T h e antimalarial quinine (QU) still remains an important drug 
of choice for the t reatment of severe and compl ica ted malar ia 
[ 1 ]. It is now widely used in the treatment of nocturnal c r amps 
[2 ,3 ] . Q U is a qu ino l ine-methanol der ived f r o m the bark of 
the Cinchona tree. It has been used in the suppress ion and 
t rea tment of malaria for m o r e than three centur ies [4] and is 
o n e of the oldest d rugs in the pha rmacopoe ia [5]. 

A l t h o u g h w e h a v e p r ev ious ly r epo r t ed that Q U 
is a t e s t i cu la r tox ican t , c a u s i n g a gene ra l des t ruc t ion of 
both the s e m i n i f e r o u s e p i t h e l i u m and the tes t icu la r inter-
s t i t ium in rat [6], m u c h less is k n o w n abou t the m e c h a -
n i s m s l e ad ing u p to th is d i s r u p t i o n . T h e ce l l s r e s p o n s i b l e 
for p ro tec t ion of ge rm cel ls , the Sertol i cel ls and the pr inci-
pal ce l l s o f t h e e p i d i d y m i s a re a n d r o g e n - d e p e n d e n t | 7 ) . A 
d e c r e a s e in a n d r o g e n level m a y resul t in the b r e a k d o w n ol 
the b l o o d - t e s t i s bar r ie r a n d b l o o d - e p i d i d y m i s bar r ie r | S | . 
L e y d i g ce l l s a re the p r i m a r y s o u r c e of tes t icular a n d r o -
g e n s in the m a m m a l i a n m a l e and T T is n e c e s s a r y to m a i n -
tain s p e r m a t o g e n e s i s [9]. 

R e s u l t s o f r e sea rch w o r k in o u r l abo ra to ry 110, 
11 ] a n d o t h e r s 1 1 2 , 1 3 | s u g g e s t that L e y d i g cell m a y be the 
target cell o f t es t icu la r t ox ican t s wh i l e ano the r repor t d e m -
o n s t r a t e d that the a d m i n i s t r a t i o n ol T T at a d o s e ol 0 . 0 5 
m g / k g b o d y w e i g h t , t h ree t i m e s in a w e e k fo r 10 w e e k s to 
m a l e r a t s e x p o s e d to c h l o r o q u i n e (a 4 - a m i n o q u i n o l m e ) is 
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p r o t e c t i v e a g a i n s t t h e a n t i f e r t i l i t y a c t i o n o f c h l o r o q u i n e 
[ 14] s u g g e s t i n g tha t t h e a d m i n i s t r a t i o n o f c h l o r o q u i n e a n d 
t h e c o n s e q u e n t r e d u c t i o n in T T p r o d u c t i o n m a y t h e r e f o r e 
b e h e l d r e s p o n s i b l e f o r t h i s c h l o r o q u i n e - i n d u c e d c h a n g e s 
in the tes t i s . I d e n t i f y i n g c h e m i c a l s that a l t e r e n d o c r i n e f u n c -
t i on is a h i g h p u b l i c h e a l t h a n d r e s e a r c h p r i o r i t y ; d u e t o 
t h e p o t e n t i a l r i sk s u c h c h e m i c a l s p o s e to t h e r e p r o d u c t i v e 
h e a l t h o f h u m a n s [15] . 

In t h i s s t u d y , w e p r e s e n t t h e r e s u l t s o f T T a s s a y s 
in s e r u m a n d t e s t e s a n d s e m i n a l f l u i d a n a l y s e s , a s w e l l a s 
m o r p h o m e t r i c d a t a o b t a i n e d b y t h e u s e o f tes t p r o b e s o n 
i s o t r o p i c u n i f o r m r a n d o m ( v e r t i c a l ) s e c t i o n s o f t h e t e s t e s 
o f S p r a g u e - D a w l e y r a t s e x p o s e d t o Q U a n d T T . 

Materials and methods 
T h e p r o t o c o l s o f t h i s a n i m a l s t u d y w e r e a p p r o v e d b y t h e 
D e p a r t m e n t a l A n i m a l R e s e a r c h C o m m i t t e e . T h i r t y a d u l t 
m a l e S p r a g u e - D a w l e y r a t s w e i g h i n g 1 8 0 - 2 0 0 g w e r e u s e d 
fo r t h e e x p e r i m e n t s . They w e r e p r o c u r e d f r o m the A n i m a l 
H o u s e o f t h e C o l l e g e o t M e d i c i n e . U n i v e r s i t y of L a g o s . 
T h e y w e r e a l l o w e d t o a c c l i m a t i z e a n d m a i n t a i n e d u n d e r 
s t a n d a r d p h o t o p e r i o d i c c o n d i t i o n in the Ra t R o o m o f t h e 
D e p a r t m e n t o f A n a t o m y f o r t w o w e e k s . T h e y w e r e a l l o w e d 
u n r e s t r i c t e d a c c e s s to rat c h o w a n d p i p e - b o r n w a t e r in t h e 
A n a t o m y D e p a r t m e n t . T h e ra t s w e r e w e i g h e d , a n d r an -
d o m l y d i v i d e d in to t h r e e g r o u p s o f 10 r a t s e a c h . R a t s in 
g r o u p 1 h a d d i s t i l l ed w a t e r fo r 8 w e e k s . Ra t s in g r o u p 2 had 
10 m g / k g b o d y w e i g h t p e r d a y o f Q U (5 d a y s in a w e e k ) 
[ 16], w h i l e t h o s e in g r o u p 3 h a d in add i t ion to Q U , 0 .05 m g / 
k g b o d y w e i g h t p e r d a y o f T T , ( t h r e e t i m e s in a w e e k ) 114]. 
E a c h t r e a t m e n t m o d a l i t y w a s a d m i n i s t e r e d i n t r a m u s c u l a r l y 
f o r 8 w e e k s a n d all a n i m a l s w e r e s a c r i f i c e d on t h e last d a y 
of i n j e c t i o n by d e c a p i t a t i o n (17] . Q U w a s a d m i n i s t e r e d fo r 
8 w e e k s f o r t w o r e a s o n s . D a m a g e to s p e r m a t o g o n i a by 
t o x i c a g e n t s wi l l t a k e at l eas t 5 6 d a y s f o r the n u m b e r o f 
s p e r m a t o z o a in t h e s e m i n i f e r o u s t u b u l a r l u m e n a n d e p i d -
i d y m a l f lu id to b e r e d u c e d in rat s i n c e the d u r a t i o n of spe r -
m a t o g e n e s i s in th i s m a m m a l is b e t w e e n 5 1 . 6 a n d 5 6 d a y s 
117). S e c o n d l y , Q U is p r e s e n t l y the t r e a t m e n t o f c h o i c e fo r 
noc tu rna l leg c r a m p s a n d its u s e in this c o n d i t i o n f r e q u e n t l y 
t a k e s l o n g e r t h a n 8 w e e k s 13. 18. 19). T h e c a u d a l e p i d -
i d y m i d e s o f all a n i m a l s w e r e i n c i s e d , s p e r m s a l l o w e d to 
s w i m out a n d mot i l i ty a s s e s s e d wh i l e the s p e r m a t o z o a w e r e 
s u s p e n d e d in n o r m a l s a l i n e (20) . T h e s p e r m c o u n t w a s 
d e t e r m i n e d u s i n g the N e u b a u c r i m p r o v e d h a e m o c y t o m c t e r . 
T o m i n i m i z e e r r o r t h e c o u n t w a s r epea ted at least f ive t i m e s 
fo r e a c h rat a n d the m e a n t a k e n . T h e tes tes w e r e c a r e f u l l y 
d i s s e c t e d ou t , t r i m m e d o f all fat and b l o t t e d dry to r e m o v e 
a n y b l o o d . T h e i r w e i g h t w a s n o t e d a n d v o l u m e m e a s u r e d 
by w a t e r d i s p l a c e m e n t a n d t h e n f i xed in \0c/< f o r m o l - s a -
l inc. T h e t i s sues w e r e d e h y d r a t e d in g r a d e d s e r i e s o f e i l i a -
nol a f t e r w h i c h they w e r e c l e a r e d in xy l ene . O n c e c l e a r e d , 
the t i s sues w e r e in f i l t r a t ed in m o l t e n p a r a f f i n w a x in the 
o v e n at 5 8 ° C . P r io r to e m b e d d i n g , it w a s e n s u r e d that the 
s e c t i o n s to be cut by the m i c r o t o m e w e r e o r i en t a t ed per-

p e l l i c u l a r t o t h e l o n g a x e s o f t h e t e s t e s . T h e s e sect ion 

w e r e d e s i g n a t e d " v e r t i c a l s e c t i o n s " . Se r i a l s e c t i o n s of 5 ^ 

t h i c k w e r e o b t a i n e d f r o m a s o l i d b l o c k o f t i s sue and w e 

s t a i n e d w i t h h a e m a t o x y l i n a n d e o s i n s t a in s . 

Stereological analys is 
F o r e a c h t e s t i s , f i v e v e r t i c a l s e c t i o n s f r o m t h e po la r and 
t h e e q u a t o r i a l r e g i o n s w e r e s a m p l e d a n d a n u n b i a s e d nu-
m e r i c a l e s t i m a t i o n o f t h e f o l l o w i n g m o r p h o m e t r i c param-
e t e r s d e t e r m i n e d u s i n g a s y s t e m a t i c r a n d o m s c h e m e : 

( a ) Diameter of seminiferous tubules (D) 
T h e m e a n t u b u l e d i a m e t e r (D) w a s d e r i v e d in 2 5 round 
t r a n s v e r s e s e c t i o n s o f s e m i n i f e r o u s t u b u l e s p e r a n i m a l bv 
t a k i n g t h e a v e r a g e o f t w o d i a m e t e r s , DJ a n d D , a t ri<»ht 
a n g l e s w h e r e t h e r a t i o o f / D2 > 0.85. 

(b ) Cross-sectional area of the seminiferous tubules (Ac) 
C r o s s - s e c t i o n a l a r e a (Ac) o f t h e s e m i n i f e r o u s t u b u l e s was 
d e t e r m i n e d u s i n g t h e e q u a t i o n A(. = d D2/4, w h e r e d is 
e q u i v a l e n t to 3 . 1 4 2 a n d D t h e m e a n d i a m e t e r o f the semin-
i f e r o u s t u b u l e s . 

( c ) Number of profiles of seminiferous tubules in a unit 
area (N) 

T h e n u m b e r o f p r o f i l e s o f s e m i n i f e r o u s t u b u l e s per unit 
a r e a w a s d e t e r m i n e d u s i n g t h e u n b i a s e d c o u n t i n g f r ame 
p r o p o s e d b y G u n d e r s e n [ 2 1 ] . 

(d) Length density (Lv) of seminiferous tubules 
1 h e l e n g t h d e n s i t y o f t h e s e m i n i f e r o u s t u b u l e s w a s ob-
t a i n e d by a p p l y i n g t h e e q u a t i o n f o r a t u b e m o d e l as previ-
o u s l y d e s c r i b e d [ 2 2 ] . B r i e f l y t h e l e n g t h o f a s t ruc tu re is 
r e p i e s e n t e d a s p r o f i l e s o f t h e s t r u c t u r e a n d is s ampled 
u n i f o r m l y by i s o t r o p i c a r e a p r o b e s . T h e f o r m u l a b e l o w for 
e s t i m a t i n g l eng th d e n s i t y , Lv, r e l i e s o n t h e s i m p l e fact that 
test p l a n e s ' f e e l ' c u r v e l e n g t h : Lv = 2\N . w h e r e NA is the 
n u m b e r of p r o f i l e s p e r t w o - d i m e n s i o n a l test f r a m e area. 

( e ) Volume density (Vv) of testicular components 

V o l u m e d e n s i t y w a s d e t e r m i n e d us ing the p r inc ip le of point 
c o u n t i n g . B r i e f l y t h e r a t i o o f t h e n u m b e r o f the po in t s hit-
t ing e a c h t e s t i c u l a r c o m p o n e n t w a s o b t a i n e d by dividing 
the s u m ol t h e p o i n t s f a l l i ng on e a c h c o m p o n e n t by the 
total n u m b e r of p o i n t s c o u n t e d (231. T h i s ra t io w a s multi-
p l ied by 100 to g i v e the p e r c e n t a g e of v o l u m e densi ty. 

(I) Absolute volume of each testicular component 
T h e a b s o l u t e v o l u m e o f e a c h t es t i cu la r c o m p o n e n t was 
o b t a i n e d by m u l t i p l y i n g its r e l a t ive v o l u m e ( v o l u m e den-
s i ty ) by t h e tes t icu la r v o l u m e o b t a i n e d by the wa te r dis-
p l a c e m e n t m e t h o d . 

( g ) Numcriad density (Nv) of seminiferous tubules 
I h is is the n u m b e r of p ro f i l e s per unit v o l u m e and it was 
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Fig. 1: ( ross-sec lion of the seminiferous tubules of control rat 
S = seminiferous epithelium, i = lumen of seminiferous tubule. 

I - testicular intcrsititum 
Stains haematoxxlin and eosin. Magnification \ 40 

F i g . 3 : Cross-section of the seminiferous tubules oj rats treated 

with quinine and testosterone tor S weeks 
S = semmijerom epithelium. I. = lumen of seminiferous tubule 
I = testicular mterstitium. 
Stains haematoxxlin and eosin Magnification \40 

Data analysis 
D a t a o b t a i n e d f r o m Q U - o n l y t rea ted s u b j e c t s a n d Q U p lus 
T T - t r e a t e d o n e s , a s w e l l as t h o s e o b t a i n e d f r o m the dis-
t i l led w a t e r - t r e a t e d c o n t r o l a n i m a l s w e r e p o o l e d and ex-
p r e s s e d a s m e a n ± S D ( s t a n d a r d d e v i a t i o n ) . T h e d i f f e r e n c e 
b e t w e e n t h e d i s t i l l e d w a t e r - t r e a t e d test m e a n s a n d t h o s e 
of Q U o n l y a n d Q U p l u s T T g r o u p s w a s a n a l y s e d s tat is t i -
ca l ly b y S t u d e n f s / - t e s t . V a l u e s of p < 0 .05 w e r e t aken to 
i m p l y s ta t i s t i ca l s i g n i f i c a n c e . 

d e t e r m i n e d u s i n g the m o d i f i e d F lode rus equa t i on . Nv - NA 

/(D + T) (24) w h e r e , NA is the n u m b e r of p ro f i l e s per uni t 
a rea , D is the m e a n d i a m e t e r of the s e m i n i f e r o u s tubu le 
and 7 the a v e r a g e t h i c k n e s s of the sec t ion . 

Testicular homogenate 
Test icular t i ssue s a m p l e (0 .25g) w a s h o m o g e n i z e d in 2 .5 ml 
of 0 . 1 5 M p o t a s s i u m ch lo r ide . T h e h o m o g e n a t e w a s cent r i -
f u g e d at 1000 g a n d the s u p e r n a t a n t co l l ec t ed . 

Testosterone assay 
T T c o n c e n t r a t i o n in b o t h t h e h o m o g e n a t e supe rna t an t and 
b lood w e r e d e t e r m i n e d by the e n z y m e i m m u n o a s s a y tech-
n ique b a s e d o n t h e p r i n c i p l e of c o m p e t i t i v e b i n d i n g be-
t w e e n T T in the tes t s a m p l e and TT- ho r se r ad i sh pe rox i -
d a s e ( H R P ) c o n j u g a t e fo r a cons t an t a m o u n t of rabbi t anti-
TT , a s r e p o r t e d p r e v i o u s l y [25] . 

T h e s e m i n i f e r o u s tubules of ra ts treated with Q U only were 
g r o s s l y d i s t o r t e d . Tliei i s e m i n i f e r o u s e p i t h e l i u m w a s 
g ross ly d i m i n i s h e d , and their in te rs t i t ium w a s g rea t ly dis-
tor ted as wel l . S e m i n i f e r o u s t ubu l a r sec t ions con ta ined 
m a n y s l o u g h e d ce l ls . T h o u g h s p e r m a t i d s and spe rma to -
zoa w e r e presen t wi th in the s e m i n i f e r o u s tubula r lumen , 
they w e r e very s can ty w h e n c o m p a r e d to the con t ro l and 
Q U p l u s TT- t rea ted a n i m a l s ( F i g u r e 2). T h e s e m i n i f e r o u s 
t u b u l e s o f the rats admin i s t e r ed Q U p lus T T s h o w e d only 
s l ight r educ t ion in regular i ty of o u t l i n e ( c o m p a r e d to the 
con t ro l s ) , w h i l e the gene ra l de s t ruc t i on that cha rac t e r i zed 
t h e c r o s s - s e c t i o n s of s e m i n i f e r o u s t u b u l e s o f t h e r a t s 
t rea ted with Q U on ly w a s e s sen t i a l l y absen t (F igu res 3). 

Results 
Qualitative histological findings 
T e s t i c u l a r s e c t i o n s f r o m c o n t r o l ra ts d i s p l a y e d fa i r ly c o n -
s i s ten t ly g o o d h i s t o l o g i c a l p r e s e r v a t i o n i nd i ca t i ng that t h e 
f i x a t i o n m e t h o d a n d t i s s u e p r o c e s s i n g w a s o p t i m a l . T h e 
c r o s s - s e c t i o n s o f t h e s e m i n i f e r o u s t u b u l e s o f the con t ro l 
rats w e r e fa i r ly c i r cu la r o r o v a l in ou t l ine wi th no rma l semi -
n i f e rous e p i t h e l i u m and n u m e r o u s s p e r m a t o z o a within their 
l u m e n ( F i g u r e 1). 

F i g . 2 : ( V i A v s e c t i o n of the seminiferous tubules of rats treated 

with quinine for 8 weeks. 
S - seminiferous epithelium, L = lumen of seminiferous tubule, 
I = testicular Interstitium 
Stains: haematoxylin and eosin. Magnification: x 40 
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Morpliomctric findings 
T h e m e a n initial a n d f ina l b o d y w e i g h t of the c o n t r o l r a t s 
w e r e 189.7 ± 9 .7 a n d 2 3 0 ± 1 2 . 1 ; t h o s e o f t h e Q U - t r e a t c d 
rats w e r e 191 .6 ± 8 .5 a n d 2 2 2 . 4 ± 1 1 . 2 , w h i l e t h o s e o f Q U 
plus TT- t rea ted g r o u p w e r e 189.5 ± 9 .5 and 2 3 2 . 2 ± 12.9 g 
respec t ive ly . T h e d i f f e r e n c e s b e t w e e n the f ina l a n d init ial 
body we igh t (i.e. b o d y w e i g h t g a i n ) o f the con t ro l (41 .2 g) , 
Q U - t r e a t e d ( 3 0 . 8 g) a n d Q U p l u s TT- t r ea t ed ra t s ( 4 2 . 7 g ) 
are not s ta t i s t i ca l ly s i g n i f i c a n t . 

T a b l e 1: E f f e c t s o f q u i n i n e on b o d y w e i g h t of ra ts 

Treatment group Initial body Final body Body weight 
of rats weight (g) weight (g) difference (g) 

1 = Distilled water 1S9.7 ± 9.7 230.9 ± 1 2 . 1 41.2 
2 = Quinine 1 9 1 . 6 ± 8 . 5 2 2 2 . 4 ± 1 1 . 2 30.8 
3 = Quinine and TT 189.5 + 9.5 232.2 ± 12.9 42.7 

Values given represent the mean ± SD (standard deviation) 
of 10 observations 

a r e a of t h e s e m i n i f e r o u s t u b u l e s o f t h e Q U - o n l y t rea ted 
g r o u p s w e r e s i g n i f i c a n t l y ( p < 0 . 0 0 1 ) r e d u c e d w h i l e their 
n u m b e r o f s e m i n i f e r o u s t u b u l e s p e r un i t a r e a of test is , 
l ength a n d n u m e r i c a l d e n s i t i e s w e r e s ign i f i can t ly ( / ; < 0.001) 
e l e v a t e d c o m p a r e d t o t h o s e o f t h e c o n t r o l s . 

Q U s i g n i f i c a n t l y r e d u c e d t h e r e l a t i v e (p < 0 .05) 
a n d a b s o l u t e v o l u m e (p < 0 . 0 1 ) o f t h e s e m i n i f e r o u s epi the-
l i u m , w h i l e co-administration o f T T w i t h Q U o f f e r e d pro-
t ec t i on a g a i n s t t h e d e l e t e r i o u s e f f e c t s o f t h e lat ter on se-
m i n i f e r o u s e p i t h e l i u m . T h e r e w a s a s i g n i f i c a n t (p < 0 .05 ) 
r e d u c t i o n in t h e a b s o l u t e v o l u m e o f t h e t e s t i c u l a r intersti-
t i u m o f r a t s a d m i n i s t e r e d Q U o n l y c o m p a r e d to t hose of 
the c o n t r o l a n d Q U p l u s T T - t r e a t e d o n e s ( T a b l e 3). 

Hormonal assays and seminal analyses 
Both s e r u m a n d t e s t i cu l a r T T w e r e s ign i f i can t ly (/; < 0 .001) 
r e d u c e d by Q U . R a t s t r e a t e d w i t h Q U o n l y h a d s ign i f i -
c a n t l y (/; < 0 . 0 0 1 ) l o w e r s p e r m m o t i l i t y a n d c o u n t when 
c o m p a r e d to t h o s e o f t h e c o n t r o l s a n d Q U p l u s TT- t rea ted 
ra ts ( T a b l e 4 ) . 

T a b l e 2: E f f e c t s of Q U on T W , TV, D . A c , N v L v a n d N v o f s e m i n i f e r o u s t u b u l e s 

G r o u p T W T V D A c N A L v N v 

of ra ts (g) (ml ) ( p m ) ( x l 0 3 / i m 2 ) ( x l 0 " 8 / i n r 2 ) ( x l 0 " * / i n r 2 ) ( x l 0 " l 0 / * n v 3 ) 

1(DW) l i 9 ± 0 . 1 5 1.57±0.14 219.09±17.21 37.90±5.51 33 .96±2 .97 6 8 . 1 1 ± 5 . 5 6 15 .35±1 .86 
2(QU) 0 .79±0.11 *0.76±0.08* 88.78±8.89* 5 . 2 3 ± 0 . 8 5 * 8 6 . 2 4 ± 8 . 9 8 * 172 .71±8 .64* 9 3 . 0 7 ± 7 . 8 5 * 
3 ( Q U & T T ) 1.60±0.18 1.58±0.17 220.05±18.11 38.24±5.95 33 .01±2 .95 6 6 . 3 1 ± 5 0 2 14.99±1.91 

Values given represent the mean±SD (standard deviation) of 10 observations; *p < 0.001 
QU: Quinine 
DW: Distilled water 
TT: Testosterone 
TW: Testicular weight 
TV: Testicular volume 
D: Diameter of seminiferous tubule 
A(; Cross-sectional area of seminiferous tubule 
NA: Number ofprofiles of seminiferous tubules per unit area of testis 
Lx: Length density of seminiferous tubule 
Ny Numerical density of seminiferous tubule 

1 h e r e w e r e s ta t i s t i ca l ly s i gn i f i can t d i f f e r e n c e s (/; 
< 0 .01 ) b e t w e e n the m e a n tes t i cu la r w e i g h t s and v o l u m e s ; 
s e m i n i f e r o u s t u b u l a r d i a m e t e r and c r o s s - s e c t i o n a l a r e a s ; 
n u m b e r o f p r o f i l e s o f s e m i n i f e r o u s t ubu le s per uni t a r e a o f 
tes t is ; l ength and n u m e r i c a l d e n s i t i e s o f s e m i n i f e r o u s tu -
bu les of the Q U o n l y - t r e a t e d and the c o n t r o l ( a s we l l a s 
Q U p lus T T - t r e a t e d ) ra ts (Tab le 1). T h e t e s t i cu l a r w e i g h t 
and v o l u m e ; d i a m e t e r a n d c ros s - sec t i ona l a rea o f s e m i n i f -
e rous tubu les ; n u m b e r of p r o f i l e s of s e m i n i f e r o u s t u b u l e s 
per unit a rea of tes t is ; l ength a n d n u m e r i c a l d e n s i t i e s o f 
the Q U p l u s TT- t r ea t ed ra ts w e r e not s i g n i f i c a n t l y d i f f e r -
ent f r o m t h o s e of t h e con t ro l s (Tab le 2) . T h e m e a n t e s t i cu -
lar we igh t , tes t icular v o l u m e , d i a m e t e r a n d c r o s s - s e c t i o n a l 

Discussion 
I he p r e s e n t s t u d y d e m o n s t r a t e d that a d m i n i s t r a t i o n o f 

Q U to S p r a g u e - D a w l e y r a t s c a u s e d a r e d u c t i o n in both 
t e s t i cu la r a n d s e r u m T T . In a d d i t i o n , t h e d i s r u p t i o n to sper-
m a t o g e n e s i s ( f r o m b o t h q u a l i t a t i v e o b s e r v a t i o n a n d mor-
p h o m e t r y p a r a m e t e r s ) w a s e v i d e n t in t e s t e s o f ra ts a d m i n -
is tered Q U o n l y w h i l e c o n c u r r e n t a d m i n i s t r a t i o n of T T pre-
v e n t s t h e s e Q U - i n d u c e d t e s t i c u l a r d e l e t e r i o u s e f f e c t s . 
1 h e s e I Hidings a r e c o n s i s t e n t w i th p r e v i o u s s t u d i e s indi-

c a t i n g '1 F c o u l d m a i n t a i n s p e r m a t o g e n e s i s | 2 6 | o r m o d u -
late Q ( J - i nduced t e s t i cu la r d a m a g e 1271. 

O u r r e su l t s a l s o s h o w e d that w h i l e Q U a l s o sig-
n i f i c an t l y l o w e r e d t h e s p e r m c o u n t a n d mot i l i t y , c o n c u r -



Quinine \eium and te\l Tl 429 

T a b l e 3 : E f e e c t s of q u i n i n e on tes t icular c o m p o n e n t s of adul t S p r a g u e - D a w l e y rats 

T r e a t m e n t g r o u p S E Intes t i t ium L u m e n 
of ra ts V v ( % ) AV (ml) V v ( % ) AV (ml) V v ( % ) AV (ml) 

1 = D W 75.00±4.62 1 .19±0 .20 12.50±0.92 0 .20±0 .03 12.50±0.91 0 .20±0 .03 
2 = Q U 65.51 ±3 .98 t 0 . 5 0 ± 0 . 0 8 * 20.24±3.45t 0 . l 5 ± 0 . 0 2 t I4 .25±1.01 0.1 l ± 0 . 0 1 j 
3 = Q U & T T 74.50±4.99 1 .19±0 .19 13.50±1.02 0 .22±0 .06 12.00±0.91 0 . 1 9 ± 0 . 0 5 

Values given represent the mcan±SD (standard deviation) of 10 observations: fp<0.0S; *p<0.0l 
QU: Quinine 
DIV: Distilled water 
TT: Testosterone 
Vv(<7c): Percentage volume density 
AV: Absolute volume 
SE: Seminiferous epithelium 

T a b l e 4 : E f f e c t s of Q U on s e r u m and tes t icu la r t e s tos t e rone levels sperm moti l i ty and spe rm count . 

T r e a t m e n t g r o u p S e r u m T T Tes t i cu la r T T Sperm moti l i ty S p e r m coun t 
of ra ts (ng/ml) (x 10 ng /g of Test is ) ( % ) (x lOVml) 

1 = D W 0.36+0.02 3 .47±0 .91 99 .0 ± 1 . 0 155.9 ± 6 . 9 
2 = Q U 0.13+0.05* 1 .04±0 .35* 5 .0 ± 1 . 5 * 2 5 . 0 ± 2 . 5 * 
3 = Q U & T T 0.36+0.33 3 . 5 0 ± 0 . 9 3 97 .5 ± 2 . 4 154.9 ± 6 . 6 

Values given represent the mean±SD (standard deviation) of 10 observations (50 for sperm count): *p<0.00l 

QU: Quinine 
DW: Distilled water 

TT: Testosterone 

ren t a d m i n i s t r a t i o n of T T a p p e a r e d to h a v e p r o t e c t e d 
a g a i n s t Q U t o x i c e f f e c t s on s p e r m qual i ty . 

T h o u g h t h e m e a n v o l u m e dens i t y of the tes t icular 
in te r s t i t ium of ra ts t rea ted wi th Q U w a s h i g h e r w h e n c o m -
pared to t h e c o n t r o l a n i m a l s , t h e m e a n a b s o l u t e v o l u m e ol 
t h e in te r s t i t ium w a s h o w e v e r s i gn i f i c an t l y r e d u c e d {p < 
0 .05 ) . T h e r e a s o n fo r the i nc rease in the m e a n re la t ive vol-
u m e of the in te r s t i t ium w a s as a resul t of the des t ruc t ion of 
t h e s e m i n i f e r o u s e p i t h e l i u m , t h e f o r m e r t h e r e f o r e 
increas ing at the e x p e n s e of the latter. Th i s no twi ths t and ing 
the m e a n a b s o l u t e v o l u m e of the in te rs t i t ium still s u f f e r e d 
an abso lu te r e d u c t i o n in s ize (0 .15 ± 0 .02 v 0 . 2 0 ± 0 . 0 3 ml) . 
It is t h e r e f o r e s u b s t a n t i a l l y a t t r ac t ive to s u g g e s t that Q U 
c a u s e d a r e d u c t i o n o f t e s t i cu la r a n d s e r u m T T s e c o n d a r y 
t o the de s t ruc t i on of t h e t e s t i cu la r in te r s t i t ium. As ' I T is 
i n d i s p e n s a b l e to s p e r m a t o g e n e s i s , a dep l e t i on of the sper -
m a t o g e n i c e p i t h e l i u m f o l l o w s Q U a d m i n i s t r a t i o n via a ic-
d u c t i o n o f T T . It is in te res t ing to note that w h e n 11 and 
Q U w e r e g iven t o g e t h e r the re w a s no e v i d e n c e of tes t icu-
lar d e s t r u c t i o n , ne i the r w a s the re a low s p e r m coun t o r 
mot i l i ty . Cons i s t en t wi th o u r f i n d i n g s is the fact that tes-
t icular v o l u m e has b e e n s h o w n to b e pos i t ive ly co r re l a t ed 
wi th T T level (28) as well as tes t icular f unc t i on [29] . 

F inal ly , the lack of s ign i f i can t d i f f e r e n c e s b e t w e e n 
t h e b o d y w e i g h t ga in ( d i f f e r e n c e s in b o d y w e i g h t of the 

rats at the end and beg inn ing of the e x p e r i m e n t ) ot the rats 
in the control and e x p e r i m e n t a l g r o u p s ; c o u p l e d with the 
p r e s e n c e of s ign i f ican t d i f f e r e n c e s b e t w e e n the tes t icular 
we igh t of the QU- t r ea t ed rats and the cont ro l g r o u p sug-
ges ts that the reduced tes t icular we igh t in the QU- t r ea t ed 
g r o u p is m o r e l ikely to be Q U - i n d u c e d than a m e r e ref lec-
t ion of a genera l reduc t ion in the b o d y weigh t of the rats. 
T h i s fu r the r sugges t s that the rat test is m a y be unusua l ly 
suscep t ib le or p red i sposed to Q U - i n d u c e d toxicity. 

It shou ld be e m p h a s i z e d that Q U is still a wide ly 
u t i l i zed d r u g in h u m a n s [30] . T h i s s tudy s u g g e s t s that 
f u r t he r c l in ical s tud ies a re n e e d e d to d e t e r m i n e the puta-
t ive toxicologica l e f f e c t s of Q U on the testis and cons ider -
at ion of T T in t roduc t ion in long t e rm use of Q U admin i s -
t rat ion. 

Conclusion 
Based on ou r f ind ings , it is c lea r that , Q U - i n d u c e d testicu-
lar tox ic i ty is at least par t ly v ia a d i s rup t ion in the ste-
r o i d o g e n i c func t i on of the L e y d i g cell . 
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