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Responsiveness of the rat vas deferens to 
catecholamines and electrical stimulation during an 

infection with Trypanosoma brucei 

O. O . A D E B O Y E A N D M. A. O R I O W O * 
Department of Pharmacology and Ihcrapeutics. University of Ibadan. Ibadan, Nigeria 

Summary 

The effect of an acute infection with Trypano-
soma brucei on the reactivity of the rat vas 
deferens to noradrenal ine, tyramine and field 
stimulation was s tudied. The vas deferens 
isolated f rom infected animals was more re-
sponsive to field stimulation than control rat vas 
deferens. The effect was more noticeable at 
lower frequencies of stimulation suggesting an 
increased sympathetic discharge f rom pre-
synaptic nerve endings. Also both noradrena-
line and tyramine were more effective on the 
infected vas deferens suggesting a post-
junctional sensitization of a adrcno 
ccptors. These results are explained in terms of 
the pharmacologically active substances re-
leased during an acute infection with T. brucei. 

Resume 

L'effet d 'une contagion severe avee le Trypano-
soma brucei sur la reaction du rat vas deferens a 
la noradrenaline, la tyramine ct la stimulation 
electrique a ete etudie. Le vas deferens , enlevtf 
des animaux infectes s 'avere plus sensible a une 
stimulation electrique que cclui du rat du 
contrdle. L'effet etait plus perceptible a basse 
frequence de stimulation electrique. ce qui 
suggere un degagement eleve ct sympathique 
des nerfs periphcriques presynoptiques. Egale-
ment. la noradrenaline et la tyramine etaient 
plus efficace sur la vas infccte. Ceci suggere une 
sensibilisation post-jonctionale des a adreno-
cepteurs. Ces resultats sont expliqutfs en fonc-
tion des substances pharmacologiquement ac-
tives degagecs au moment d 'une infection avec 
/ brucei. 

' lb whom correspondence should he addressed. 

Introduction 

Vascular lesions are associated with T. brucei 
infections in laboratory rodents. An irregular 
constriction of the central ear artery of the 
rabbit has been observed during an infection 
with /'. brucei (Goodwin & Hooks, 1968). 
I lowever intra-arterial injection of «-
adrenoceptor antagonist, phenoxybenzamine. 
produced a dilatation of the constricted ar tery 
(Goodwin & Hooks, 1968) thus suggesting 
either an increased sympathetic discharge or 
increased sensitivity of the blood vessels to 
circulating catecholamines as contributing to 
the vasoconstriction. However, phenoxybenza-
mine is not too specific an a-adrenoceptor 
antagonist. For example, histamine constricts 
the rabbit central ear artery which is antago-
nized by phenoxybenzamine (Bamgbose & 
Okpako. 1974) revealing a vasodepressor 
effect. Histamine release has been reported to 
take place during an infection with T. brucei 
(Richards, 1965). Thus, histamine could di-
rectly or indirectly contribute to the 
vasoconstriction. Greer , Cain and Schotcllius 
(1979) have demonstrated a significant increase 
in active tension (measured by the reactivity to 
K + ) of the rat isolated caudal artery during an 
infection with T. brucei. 

In this investigation, we have studied the 
responses of the rat isolated vas deferens to 
noradrenaline, tyramine and electrical stimula-
tion during an infection with T. brucei as a 
prelude to a detailed study of a-adrenoceptor 
characteristics of the vas deferens during an 
infection with T. brucei. 

Materials and methods 

Adult male albino rats (Wistar strain) weighing 
between 170 and 200 g were used in this study. 
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Infection of rats 

Blood was col lected f r o m heavi ly in fec ted ra ts 
and d i lu ted t o a b o u t 1.0 ml. R a t s w e r e then 
in jec ted in t r ape r i tonea l ly with 0 .4 ml of this 
suspens ion (con ta in ing app rox ima te ly 3 x 10 
paras i tes ) . T h e p a r a s i t a e m i a was fo l lowed daily 
by e x a m i n i n g freshly p r e p a r e d b lood fi lms. I he 
an ima l s w e r e sacr if iced w h e n the pa ra s i t aemia 
was g r e a t e r t han 7 5 % which usually o c c u r r e d at 
abou t t he 3rd day pos t - in fec t ion . 

Isolated tissue preparation 

Each rat was killed by a s h a r p b low to the head 
a n d b led t h rough a cut in the carot id a r t e ry . 
T h e a b d o m i n a l cavity was o p e n e d up and the 
tes tes w e r e p u s h e d ou t f r o m the scrotal sacs. 
T h e exposed vasa de fe r en t i a were careful ly 
d e s h e a t h e d and dissected o u t . Each vas de-
f e r ens was s u s p e n d e d in a 20.0 ml o rgan bath 
con ta in ing T y r o d e solu t ion of t he fol lowing 
compos i t i on : NaCl 137; KCI 2.7; MgCI? 0 .9 : 
N a H j P O j 0 .3 : CaCU 1.8; N a H C O * 11.9 and 
glucose 5 .6 mmol/ l . T h e solut ion was main-
ta ined at 37°C and was cont inuously bubbled 
with air . T h e tissue was al lowed to stabilize 
(under a rest ing tension of 0.5 g) for 60 mill 
during, which the T y r o d e solut ion was replaced 
at 15-20-min intervals . Isotonic cont rac t ions 
(magni f ica t ion : x 7 ) were recorded through a 
lumt . i l wri t ing lever on smoked paper . Fo r field 
s t imula t ion the vas d e f e r e n s was passed through 
a p la t inum ring e lec t rode . St imulat ion para-
me te r s w e r t as indicated in the text . 

Drug solution 

( - ) Norad rena l ine ( B D I I ) was dissolved in 
distilled water with an equivalent amoun t of 
sod ium mctabisulphi te to prevent oxidat ion. 
T y r a m i n e hydrochlor ide ( B D I I ) was also dis-
solved in distilled wate r . Fresh dilutions of the 
drugs were m a d e each day of the exper iment . 

Results 

In p re l iminary e x p e r i m e n t s , it was o b s e r v e 
that KCI g e n e r a t e d g rea te r tension that eitlicr 

of t he s y m p a t h o m i m e t i c s t es ted — i.e. no; 
a d r e n a l i n e ( N A ) and ty ramine . Therefore . 
m e a s u r e m e n t s of cont rac t i le responses to n 
s y m p a t h o m i m e t i c s w e r e expressed relative t. 
the highest r e sponse to KCI (in many cases, 
m a x i m u m con t r ac t i ons t o KCI were not attain-
ab le ) . N o r a d r e n a l i n e (1 .95 x 10 " -6 .24 x |o 
m) c o n c e n t r a t i o n - d e p e n d e n t l y contracted the 
vas d e f e r e n s f rom both infec ted ( IVD) and 
un in fec ted ( i .e . con t ro l = C V D ) rats. In all 
cases , t he th resho ld concen t r a t i on of NA re-
qu i red to p r o d u c e a con t r ac t ion ranged from 
9.9 x 10 7 m to 1.95 x 10-* m. T h e IVD was 
more respons ive to N A than C V D . As shown in 
Fig. l a . t he d i f f e r ence in responsiveness was 
significant ( T < 0 .05) at all concentrat ions of 
N A . T h e m e a n - l o g EC*i va lues were 5.05 i 
0 .15 and 4 .70 ± 0 .10 o n the I V D and CVD. 
respect ively, t hus showing that the IVD was 
approx imate ly twice as responsive to NA as 
C V D . 1 l oweve r . the - l o g E C * , values were not 
significantly d i f f e ren t ( / ' > 0 .05) from each 
o the r . T y r a m i n e (7 .7 x 10 ' - 1 . 2 x 10 J \i) 
also reproducib ly and concentration-
dependen t ly con t rac t ed the vas de fe rens from 
both infected and non- in fec ted rats Figure lb 
shows that the I V D was significantly [I> < 0.05) 
more responsive than C V D at all concentra-
tions of ty ramine . M e a n - log LIC mi values were 
4 .50 ± 0 .08 and 4.20 ± 0 .10 on I V D and CVD. 
respectively, showing an approx ima te 2-fold 
increase in responsiveness even though the 
- l o g EC 5„ values were not significantly dif-
ferent ( / ' > 0 .05) . Field s t imulat ion (50 V. 1 
msec, 30 sec) of the vas d e f e r e n s produced 
f r equency-dependen t cont rac t ions . The IVD 
was more responsive than C V D at the lower but 
not at the higher f r equenc ie s of stimulation 
(Fig. 2). At the higher f requenc ies of stimula-
t ion, there was a slight though insignificant (/* 
> 0.05) reduct ion in the responsiveness of the 
I V D to field s t imulat ion. 

Statistical analysis 

W h e r e app rop r i a t e , mean values were com-
pared using the Student s t-test. I he di f ference 
be tween mean values were assumed to be 

•Miificant when / '<() .05. 

Discussion 

These results show that the re is an increased 
responsiveness of the rat vas de fe r ens to nor-
adrena l ine . tyramine and field stimulation (at 
lower f requencies of s t imulat ion) during an 
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Fij». I. Responsiveness of the vas deferens isolated 
from normal (uninfected) rats ( • ) and rats infected 
with T. brucei (approx. 3x 10 " parasites) (o), to (a) 
noradrenaline and (h) tyrainine. Note that the vas 
deferens isolated from infected rats was significant 
(/'< 0.05) more responsive to noradrenaline and 
tvramine at all concentrations. 
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Fij». 2. Responsiveness of the vas deferens isolated 
from control rats ( • ) and rats infected with /'. brucei 
(approx. 3x 10 '• parasites) (o) to field stimulation 
(50 V. I msec. 30 sec). The responses are only 
significantly different {P < 0.05) at the lower fre-
quencies of stimulation. 

infection with T. briuei. An underestimate of 
the responsiveness of the 1VD is not unlikely 
in this investigation. Because K* generated 
greater tension than any of the sympathomime-
tics. we have in this study expressed all contrac-
tile responses as a percentage of the highest 
response to K + . However , we have consistently 

observed (Adeboye & Oriowo, unpublished 
data) as have Greer el al. (1979) on the rat 
isolated caudal artery, that the IVD was more 
responsive to K+ than CVD. Thus, whatever 
was gained in terms of responsiveness was lost 
while relating to the highest K+- induced con-
tractions. This underestimate of the responsive-
ness of the IVD could therefore account for the 
lack of significant difference in the - l o g EC«, 
values for NA and tvramine on the IVD and 
CVD. respectively. The factors responsible for 
the increased responsiveness are unknown. It is 
certainly not due to a defective uptake mechan-
ism which would allow NA to accumulate in the 
synaptic cleft. This is because tvramine is an 
indirectly acting sympathomimetic amine 
(Axelrod el a1962) and is a substrate for the 
uptake mechanism (Ivcrsen, 1967). Tyramine 
would therefore not be as responsive on the 
IVD if the uptake mechanism were defective. 
T. brucei infection in rodents is accompanied b\ 
an increased release of pharmacologically ac-
tive substances including histamine and kinins 
(Goodwin & Richards. I960; Richards. 1965). 
Bradykinin contracts the rat vas deferens with a 
threshold at about 5 x l()" s M (Negri, Ers-
pamer & Piccinelli, 1973) which is less 
concentration of kinins in the plasma during an 
infection (Richards, 1965). With the recording 
device used in this study, it is not known 
whether or not there was a change in the basal 
tone of the vas deferens. It is possible that the 
increased tissue concentration of the kinins 
enhanced the response of the vas deferens to 
agonists in vitro since it has been shown that 
sub-threshold concentration of contractile 
agonists could enhance the effect of other 
agonists (De la Landc, Canwell & NVatcrson, 
1966; Asano & Hidaka, 1980). However, kinins 
are vasodilators and so could not have been 
responsible for the vasoconstriction in the ear 
artery (Goodwin & Hook, 196S) and the 
increased active tension in the caudal artery of 
the rat (Greer et al., 1979). Though histamine 
constricts the central ear artery of the rabbit 
(Bamgbose & Okpako , 1974). it does not 
contract the vas deferens (Vohra , 1981) and 
actually inhibits the response of the vas de-
ferens to field stimulation (Vohra . 1981). In-
crease in histamine release would therefore not 
explain the increased responsiveness of the vas 
deferens during the infection with T. brucei. It 
is therefore likely that separate mechanisms 
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roulcl expla in the increase in reactivity of 
' ascular and non-vascu la r tissues dur ing the 
n feel ion. In fec t ions a re general ly s tressful con-
litions a n d s t ress leads to increased re lease of 
lydrocor t i sone . In the ra t , co r t i cos t e rone and 
ot h y d r o c o r t i s o n e is the m a j o r g lucocor t icoid . 
Cort icosterone has b e e n shown to e n h a n c e the 
espouses of t he rat anococcygeus musc le to 
gonis t s in vitro ( G i b s o n & Pol lock, 1975; 
i ibson . Pol lock & S p c n c c , 1976) as well its to 
"ectrical s t imu la t i on ( G i b s o n et a/., 1976). 
T h e e f f e c t on ne rve s t imula t ion is m o r e 

gni f icant at low f r e q u e n c i e s of s t imula t ion 
j i b s o n et a I., 1976). O u r results on the 
^ Id-s t imula ted vas d e f e r e n s a r e very s imi lar to 
e s e o b s e r v a t i o n s . W e t h e r e f o r e suggest that 
e i n c r e a s e d r e s p o n s i v e n e s s of the rat vas 
Kerens d u r i n g a n in fec t ion with T. brucei may 
• d u e t o a n i n c r e a s e d o u t p u t of co r t i cos te r iods 

a resul t of s t r e s s i m p o s e d by the in fec t ion , 
lis h y p o t h e s i s w o u l d r equ i r e c o n f i r m a t i o n by 
tual m e a s u r e m e n t s of co r t i cos t e ro ids in the 
j s m a ( p r o b a b l y in t issues t o o ) d u r i n g an 
e c t i o n wi th 7 . brucei. 
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