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Abstract 
Background: Kolanut (Cola nitida) is consumed in 
virtually every part of the world. The caffeine content 
of kolanut is scarce and the number of investigations 
studying the health benefits of kolanut is negligible 
compared to coffee. 
Objective: The present study was designed to identify 
the caffeine content of kolanut and evaluate the effect 
of its chronic consumption on cardiovascular functions 
in rats. 
Methods: The caffeine content of kolanut was 
determined by Gaschromatography-mass spectrometry 
(GC-MS). Wistar albino rats were divided into four 
groups (10 Rats/group). Kolanut extract (11.9 mg/kg), 
caf fe ine extracted from kolanut (7.5 mg/kg), 
decaffeinated of kolanut extract (6 mg/kg) and distilled 
water (control) was administered orally to each group 
for six-weeks. Effect of treatment on body weight, blood 
pressure and relaxation response to acetylcholine (ACh) 
and sodium nitroprusside (SNP) of the aortic rings was 
assessed. 
Results: The total caffeine content of kolanut extract 
was found to be 51% and it was 96% pure from GC-
MS analysis. Chronic consumption of kolanut and 
caffeine significantly (jxO.OS) decreased body weight. 
Similarly, kolanut extract decaffeinated kolanut and 
caffeine significantly (p < 0.05) reduced the contractile 
response to noradrenaline and higher potassium 
solution. Kolanut extract and caffeine also significantly 
(p < 0.05) increased the mean arterial blood pressure. 
Caffe ine and kolanut consumption reduced the 
relaxation response to both acetylcholine and sodium 
nitroprusside. Atropine and L-NAME considerably 
inhibit the ACh-induced relaxation of the rat aortic ring 
suggesting the involvement of cholinergic mechanism. 
However, indomethacin (104M) also attenuated the 
ACh response indicating involvement of protanoids. 
Conclusion: The results suggest that treatment with both 
kolanut extract and caffeine had similar characteristics 
between the two groups with no significant differences in 
the ACh-induced relaxation of the ring suggesting that the 
action of kolanut extract is due to its caffeine content. 
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Resume 
Introduction: La noix de cola (Cola nitida) est 
consommee dans pratiqucment toutes les parties du 
mondc. La teneur en cafeine de Kola est rare et le 
nombrc d'enquetes qui etudicnt les bienfails pour la 
santc de Kola est negligeable par rapport a cafe. La 
presente etude visait a determiner la teneur en cafeine 
du colatier et evaluer I'effet de sa consommation 
chronique sur les fonctions cardiovasculaires chez 
les rats. 
Methodes: La teneur en cafeine de Kola a ete 
determinee par chromatographic en phase gazeuse-
spectrometrie de masse (GC-MS). Les rats albinos 
Wistar ont ete divises en quatre groupes (10 rats / 
groupe). L'extrait de noix de cola (11,9 mg / kg), de 
la cafeine extraite de noix de cola (7,5 mg / kg), de 
l'extrait decafeine de kolanut (6 mg / kg) et d 'eau 
distillec (temoins) a etc administre par voie orale a 
chaque groupe de six semaines. Effet du traitement 
sur Ie poids corporel , la pression arteriel le et 
relaxation reponse a l 'acetylchol ine (ACh), et 
nitroprussiate de sodium (SNP) de la crosse aortique 
anneaux etait evaluee. 
Resultats: La teneur totale en cafeine de l'extrait de 
noix de cola a ete constatee a 51% et elle est de 96% 
pure a part i r de 1 'analyse G C - M S . Une 
consommation chronique de Kola et de la cafeine 
de fagon significative (p <0,05) diminution du poids 
corporel. Une consommation chronique de Kola et 
de la cafeine (p <0,05) diminution du poids corporel. 
De meme, l'extrait de noix de cola decafeine kolanut 
et la cafeine (p <0,05) reduit la reponse contractile 
a la noradrenaline et de la solution de potassium 
superieur. Extrait de noix de cola et de la cafeine a 
egalement a (p <0,05) ont augmente la pression 
arterielle moyenne. La consommation de cafeine et 
co la t ie r reduit la r eponse de re laxa t ion a 
I'acetylcholine et sodium nitroprusside Atropine et 
le L-NOM inhibent considerablement la relaxation 
ACh-incitee du rat l'anneau aortique suggerant le 
role de mecanisme cholinergique. Cependant , 
1'indometacinc (10-4M) a egalement attenue la 
reponse ACh indiquant 1'implication de protanoides. 
Conclusion: Les resultats suggerent que le traitement 
combine d'extrait de noix de cola et de la cafeine 
avail des caracteristiques similaires cntre les deux 
groupes sans d i f fe rence s ignif ica t ive dans la 
relaxation induite par 1'ACh sur l'anneau ce qui 
suggere que Taction de l'extrait de noix de cola est 
due a sa teneur en cafdine. 
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displacement by the tissue. Each of the rings was 
under a passive tension of 2 g and superfused in a 
50 mL double-jackeled organ bath with PSS at 37 
°C and gassed with 95% 0 2 : 5% CO, mixture. The 
pH of the PSS was usually between 7.35-7.40, and 
all ba ths used s imu l t aneous ly had a para l le l 
connection to the source of the PSS. The composition 
of PSS was (mM): NaCI, 118.0; KCI, 4.7; NaIIC0 3 , 
15.0; M g S O r 1.2; CaCI,.2H,0, 1.6;KH,P0 4 1.2 and 
glucose, 11.5. The mounted ring preparations were 
subsequently left to equilibrate for 90 min during 
which they were c h a l l e n g e d with 10*7M 
noradrenaline at 30 min interval. 

Experimental protocol 
The stabilization was required to ensure a consistent 
r e sponse of the aor t ic r ings th roughou t the 
experiment. At the end of the 90 min stabilization 
period, the relaxation response study to ACh and SNP 
was carried out. The relaxation response to ACh was 
assessed in endothelial intact aortic rings. Aortic 
rings were precontracted with 10"7 M noradrenaline, 
and after the contraction had reached a plateau, 
cumulative doses of ACh (10"9-10~5 M) and SNP (10" 
10-10~5 M) were added to the organ bath. 

Since residual caffe ine molecules may 
remain in the preparation obtained from treated 
animals, all experiments were performed in the 
presence of atropine (10"4M), COX and NOS 
product involvement in the contractile effects of 
noradrenaline were evaluated by comparing the 
e f f e c t of Ach on r ings p re - incuba tcd with 
indomethacin (10"s M ) L - N A M E (10~4M) or 
indomethacin (10~5 M ) plus L-NAME (lO^M) for 
15 min with those observed in untreated rings. 

Statistical analysis 
Data arc expressed as means ± SE, where n equals 
the number of animals from which blood vessels 
were isolated. The data were analyzed using one-
way ANOVA. The Student-Newman-Kculs post hoc 
test was used to identify d i f fe rences between 
individual means. The confidence interval was set 
at 95%, so that in all cases, results with a value of 
p< 0.05 were considered statistically significant. 

Results 
In the GC-MS analysis of crude cthanolic kolanut 
extract, a total of 39 compounds were identified. The 
predominant compounds identified was caffeine with 
retention time of (RT: 19.65mins; caffeine content 
is 50.3% with 96.5% pure) (data not shown); 9, 12 -
Octadecadienoic acid, ethyl ester RT: 22.353 of 
8.636% quality 99; Hexadecanoic acid, ethyl ester 
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RT: 20.43 of 7 .968% and quality 99; Methyl 2-
octyIcyclopropenc-1 -octanoate RT: 22.099 of 7.02 
91 in quality; 9-Octadecenoic acid, ethyl ester. Ethyl 
Oleate RT: 22.422 of 4.91% and quality 99; and 
Cyc lohexanone , 2 -mc thy l -5 - ( l -mcthylethenyl) 
O c t a d e c - 9 - e n o i c ac id D e c a n o i c acid 10-(2-
hexylcyclopropyl) RT: 23.148 of 3.794 and quality 
83 (Table 1). 

Table 1: GC-MS analysis of cthanolic kolanut extracts 
showing retention time, total percentage and 
identified compounds 

S/N Retention 
Time (min) 

f/< 
Compound 

Identified 
compound 

1 19.583 36.551 Caffeine 
2 20.07 46.14 Caffeine 
3 21.638 1.362 9- Octadeccnoic 

acid (Z), methyl ester 
4 26.37 9.41 Diisooctyl ester 
5 32.996 2.791 Octasiloxane -1-15-

hexadccametyl 
Total 96.254 

Twelve major compounds were identified in 
GC - MS analysis of decaffeinated kolanut extract. 
The p e r c e n t a g e c o m p o s i t i o n of c a f f e i n e had 
decreased to less than five- percentage. 

Body weight of Animals 
At the end of the 6 week experimental period the 
final body weights of the rats were determined in all 
the groups. Table 1 shows the percentage weight gain 
in each group. In all groups, there was an increase in 
body weight a f t e r the 6 w e e k s period of the 
experiment. However, the percentage increase in 
weight in kolanut extract and caffeine treated animals 
were significantly lower (p < 0.05) when compared 
with the control. There were no significant changes 
in the percentage weight gain and final body weight 
of both the normal and decaffeinated kolanut extract 
when compared with their corresponding groups. 

Blood pressure 
At the end of the 6week experimental period, the 
mean arterial blood pressure (MABP) (Table 2) 
showed a significant (p < 0.05) increase in crude 
cthanolic kolanut extract and caffeine from kolanut 
groups when compared with control. However, there 
were no significant differences in MABP of both 
kolanut extract and caffeine groups. Also, MABP 
was s i g n i f i c a n t l y l o w e r (p < 0 .05) in the 
decaffeinated group when compared with control-
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the methylene chloride was evaporated in the hood 
on a warm hot plate to isolate caffeine and the 
mel t ing point of the ca f fe ine recovered was 
determined [23,24]. 

Gas chroma tography-mass spectrometry fGC-MS) 
analysis 
The GC-MS analysis was carried out using a Hewlett 
Packard Gas Chromatograph (Model 6890 series) 
equipped with a flame ionization detector and a 
Hewlett Packard 7683 scries injectors, MS transfer 
line temperature of 250°C. The GC was equipped 
with a fused silica capillary column-1IP-5MS (30 x 
0.25 mm), film thickness 1.0 jim. The oven 
temperature was held at 50°C for 5 min holding times 
and raised from 50 to 250°C at a rate of 2°C /min, 
employing helium gas (99.999%) as a carrier gas at 
a constant flow rate of 22 cm/s. 1.0 mg/mL of extract 
(1 mg dissolved in 1 mL absolute alcohol), at a split 
ratio of 1:30 was injected. MS analysis was carried 
out on Agilent Technology Network Mass 
Spectrometer (Model 5973 scries) coupled to 
I lewlett Packard Gas Chromatograph (Model 6890 
scries) equipped with NIST08 Library software 
database. Mass spectra were taken at 70 cV/200°C; 
a scanning rate of 1 scan/s. Identification of 
compounds was conducted using the database of 
NIST08 Library. The mass spectrum of the individual 
unknown compound was compared with the known 
compounds stored in the software database Library. 

Animals 
I lealthy, young adult, Wistar albino male rats, weighing 
200-230 g were obtained from the Animal House of 
the Lagos State University College of Medicine, Ikeja, 
Lagos State, Nigeria. The rats were fed with standard 
rat chow (Livestock Feeds, Ikeja, and Lagos State, 
Nigeria) and water ad libitum. The animals were 
maintained at standard laboratory conditions (12/12 h 
dark/light cycle, 20 ± 2 °C temperatures, and 65 ± 5 % 
humidity). The rats were fasted 12-16 h before the 
beginning of the experiment. 

Experimental design 
The rats were divided into 4 groups of 10 rats each. 
Group I served as the control and was given normal 
saline (NS). 
Group II received 11.9 mg/kg of dc-caffcinatcd 
kolanut (DECAF). 
Groups III was treated with 7.5 mg/kg of cthanolic 
extract kolanut (EEKNT). 
Group IV was treated with 6 mg/kg of isolated 
caffeine (CAFF). 
Each group received treatment orally for six-weeks. 

The doses (11.9 mg/kg, 7.5 mg/kg, 6 mg/kg) per body 
weight of decaffeinated, cthanolic kolanut extract, 
and caffcinc used in this study, is equivalent to three 
cups of coffec per day in human when the conversion 
is based on the metabolic rate at 70kg body weight 
[25,26] which is based on our previous study [27]. 

At the end of 6-wcck experimental period, 5 
randomly sclcctcd animals from each group were 
used for invasive blood pressure measurement and 
terminal arterial blood pressure was determined via 
femoral artery cannulation [27]. 

Determination of body weight: 
The animals were weighed before and at weekly 
intervals throughout the period of the experiment 
using a Duct toploading scale (Salter Brecknell, 
Salter, UK). After the experimental period, the 
percentage weight gain was calculated. The final 
weights of the animals were compared across groups 

Measurement of blood pressure 
Invasive blood pressure measurement was carried 
out via arterial cannulation [27]. The rats were 
anaesthetized with a solution of 25% (w/v) urethane 
and 1% (w/v) a-chloralose injected intra-peritoncal 
at a dose of 5 ml/kg body weight. The anaesthetized 
rat was placed on its back on the operating table, the 
limbs were fastened to the table, and the trachea was 
exposed and cannulated. The blood pressure 
measurements were obtained by the cannulation of 
one femoral artery. A polyethylene cannula filled 
with 1% heparinised saline was inserted into the 
artery, tied in placc, and connccted via a pressure 
transducer model 7082 coupled to Data Capsule 
Model 17400 of Ugo Basilc Italy. 

Tissue preparation 
The rats were anaesthetized with urethane and the 
thoracic cage was opened and heparin injectcd into 
the ventricle to prevent blood clotting. The aorta was 
cut at the visible ends, excised and quickly placed 
in a Petri dish containing cold Krcbs-Henseleit 
physiological solution (K1 IS). The aorta was then 
freed of conncctivc tissue and cut into 2-3 cm ring 
segments. Special care was taken to avoid contact 
with the endothelial surface during the removal and 
mounting of the rings. Each ring was then mounted 
horizontally between two fine stainless steel rods. 
The lower rod was connccted to the base of the organ 
bath, while the upper rod was attached to the 
isometric force transducer which was coupled to 
Data Capsule Model 17400 for displaying isometric 
contractions. This was used in recording the force 
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we did not find any differences between the control, 
decaffeinated, kolanut extract and caffeine groups 
in the endothelium-indepcndent relaxation (Fig. 3). 
Also, there was 110 significant difference in the 
maximum relaxation response of the aortic rings to 
the SNP in the presence of L-NAME in all the treated 

SNP Lou Concentration (M) 
t ig . 3: Conccntration-rcsponsc for sodium nitroprusside -induccd 
relaxation (SNP; 10 "' to lO^M) in rat aortic rings prc-contractcd 
with noradrenaline (lO^M) from Normal saline (NS), decalTcinaled 
(DSCAF) , c thanol ic kolanut cxtract ( E E K N T ) and calTcinc 
( C A F I ) groups. Each point represents the mean ± SE (11=8). 
(*p<0.05; **^<0.01) compare with control group. 

Effect of Atropine, indomethacin, L-NAME or 
indomethacin plus L-NAME on vasorelaxation caused 
by ACh in aortic rings isolated from treated rats 
The ACh-induccd relaxation of the rat aortic rings 
was significantly reduced in the presence of L-
NAME in caffeine and kolanut cxtract groups (Fig. 
5). The presence of L - N A M E was completely 
abolished the relaxation induccd by ACh in the 
control and decaffeinated groups. 

SNI» !.«*}• Conct'iilntiiiMi (M) 
F i g u r e 5: Concen t ra t ion- response lor s o d i u m nitroprusside -
induced relaxation ( S N P . 10 "' to I ( H M ) in rat aort ic rings 
prc-contractcd with noradrena l ine ( 1 0 ' * m M ) in presence of L-
N A M E f rom Norma l sa l ine ( N S ) , d e c a f f e i n a t e d ( D S C A F ) 
cthanolic kolanut extract ( E E K N T ) and ca f f e ine ( C A F F ) groups! 
Each point represents the mean ± SE (11=8). (*p<0.05; **/><0.0|) 
compare with control g roup . 

ACh Log Commnation (M) 
f i g . 4: Conccnlration-responsc for acctylcholinc-induccd 
relaxation (ACh; 10"' ,o 10 ' M) in r.u aortic rings prc-con.rac.cd 
Will) noradrenal ine (10 ' M) jn absence (filled symbols and 

dot tedl ines) 'Pre " " I . " " * 6 " " ° r l - N A M I ! (open symbol and 
Jotted lines). I reparalions were obtained Iron, Normal saline (NS) 
decade,nated (DSCAF), cthanolic kolanut extract (l-TKN n 
calleinc (CAFF) groups. Each point represents he mean I s . 

<*" < 0 <»; * > < 0 . 0 1 ) compare with con, o „ 

• NS 
NS «• L-NAME 

• DOCAF 
DCCAF* I.NAME 

A EEKNr 
EFKNT • I.-NAME 

• CAFF 
CAFF • l.-NAME 

-10 -O .8 
AC It Loj» C o n c e n t r a t i o n ( M ) «•! IUII \.»i| 

l e h v f t i o n M r ! l C ? n n f t i 0 n ' r C S p o n s C f o r acetylchol ine- induccd 
with nn « , U> , 0 ' M ) i n ™ a o , l i c r ' ng s pre-contracted 

( , ° " M ) i n i , b s c ' ^ ( f i l ' cd symbols and 
lin I'"» " ^ p r c s c n c c 0 1 atropine (open symbol and dotted 
tkv . n v W C r 0 o b l a i n c d , Y o m normal saline (NS). 

'! r . n A , ) ' C t h a n o l i c k o I a n u t (EEKNT) and 
t n " ^ % <n n - ) 5 ° l , p s K a c h P ° i n l represents the mean ± SI. 

( f> 0.05, p<o.() | ) compare with control group. 

• NS 
-O- - NS+Atrop 
• DECAF 

•O- - DECAF+ Atrop 
A l-EKNT 

-A- - EEKN T+ Atrop 
• CAFF 

-O- - CAFF + Atrop 
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T a b i c 2 : E f f e c t o f N o r m a l s a l i n e ( N S ) , D e c a f f e i n a t e d k o l a n u t e x t r a c t ( D E C A F ) , c t h a n o l i c k o l a n u t cx t r ac t ( E E K N T ) 
a n d C a f f e i n e ( C A F F ) on b o d y w e i g h t ( g ) a n d m e a n a r t e r i a l b l o o d p r e s s u r e ( M A B P ) ( m m H g ) o f rats . V a l u e s a r e 
p r e s e n t e d a s m e a n ± S E ( n = 10) 

Ini t ia l w t ( g ) F ina l wt ( g ) W e i g h t g a i n ( g ) % o f w t g a i n M A B P ( m m H g ) 

N S 2 2 3 . 8 ± 6 . 5 2 4 9 . 4 ± 3 . 9 2 5 . 8 ± 4 . 8 11 .8±2 .5 1 1 6 . 4 ± 2 . 0 I 
D E C A F 2 2 6 . 5 ± 3 . 0 2 5 3 ± 3 . 5 2 6 . 5 ± 1.9 1 1 . 7 ± 0 . 9 1 1 5 . 6 ± 3 . 5 
E E K N T 2 3 4 . 5 ± 2 . 3 2 4 2 . 6 ± 2 . 6 8 . 2 ± 1 . 6 3 . 5 ± 0 . 7 * I 3 7 . 3 ± l . 4 t 
C A F F 2 2 7 . 1 ± 2 . 1 2 3 8 . 8 ± l .07 11 .9± 1.6 5 . 2 ± 0 . 7 * I 3 0 . 7 ± 0 . 6 t 

fSignificant increase (p<0.05) when compared with control and decaffeinated groups. 
*Significant decrease (p<0.05) when compared with control and decaffeinated groups. 

The effect of the chronic consumption of kolanut 
extract, caffeine, and decaffeinated kolanut extract 
on contraction induced by NE (10 7M) or KCl 
(80mM) in aortic rings 
In this experiment the contractions were induced by 
a single concentration of noradrenaline (NE; 10'6 M) 
or KCl (80 mM) in aortic ring. Chronic consumption 
of decaffeinated kolanut, kolanut cxtract and caffeine 
for 6-wceks significantly (/;<0.05) attenuated the 
noradrenaline-induccd pre-contraction (Fig. 1) or the 
KCl-induced contraction of rats aortic rings when 
compared with untreated control animals. The 
reduction in the contraction of dccaffcinatcd kolanut 
cxtract group was significantly lower than caffeine 
groups. Also, a significant (/;<0.05) difference was 
observed between the kolanut extract and caffeine-
treated groups for both NE- and KCl- induced 
contractions when compared to control groups. 

100 

~ 60 

40 

NS D E C A F E E K N T C A F F 

Fig. I : Contract ions induced by the addition of a single con-
centration of noradrenal ine (NE; 10"*' M) or KCl (80mM) in 
aortic r ings obtained from normal control (NS) , decaffeinated 
kolanut extract (DECAF) , cthanolic kolanut extract (EEKNT) , 
and caffe ine (CAFF) groups. Each bar shows the mean ± SE 

o f ( n = 8 ) . (*[)<0.05, **p<Q.Q\) compared with control group 

The Effect of the chronic consumption of kolanut 
extract, caffeine, and decaffeinated kolanut extract 
on the relaxation -induced by ACh or SNP in aortic 
rings 
A c e t y l c h o l i n e ( 1 0 1 0 t o 10"4 m M ) c a u s e d an 
endothelium-depcndent relaxation in a concentration 
-dependent manner in all the groups studied (Fig. 
2). The maximum relaxation effects were 93%, 90%, 
87% and 82% for normal sa l ine ( c o n t r o l ) , 
dccaffcinatcd, kolanut extract and caffeine groups 
respectively. However, the sensitivity progressively 
decreased especially in the kolanut extract and 
caffeine groups. 

20 

40 

60 

so 

100 
-10 -9 -X -7 -6 -5 

ACh Lojj Concentration (M) 

Fig . 2 : C o n c e n t r a t i o n - r e s p o n s e for acc ty l cho l inc - induced 
relaxation (ACh; 10" ' to 1 O^M) in rat aortic rings pre-contracted 
w i t h n o r a d r e n a l i n e ( 1 0 ' 6 M ) f r o m N o r m a l s a l i n e ( N S ) , 
dccaffcinatcd (DSCAF), cthanolic kolanut cxtract (EEKNT) and 
caffeine (CAFF) groups. Each point represents the mean ± SE 
(n=8) (*/><0.05; * * ^ 0 - 0 1 ) compared with control group. 

Similarly, we also studied the possible 
changes in the endothclium-independent relaxation; 
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against hypertension [401. These findings could 
partly explain the results observed in the present 
study. 

The finding from this study indicates that 
c h r o n i c c o n s u m p t i o n of k o l a n u t e x t r a c t , 
decaffeinated and caffeine reduced the noradrenaline 
and high potassium-induced contraction of aortic 
rings. This observation is consistent with previous 
report that caffeine inhibits high K+ and NA -
induced contraction in rabbit mesenteric artery |411. 
It is well known that high K+/ NA - induced Ca2+ 

influx through voltage-dependent Ca2* channel, via 
a receptor-mediated second messenger system (421 
and activation of other Ca2* channels receptors-
operated Ca2+ channels by agonist has also been 
p r o p o s e d 143). In the p r e s e n t s t udy c h r o n i c 
consumption of Kolanut cxtract and caffeine-induced 
relaxation responses in contraction produced by 
e i t he r of the agon i s t s u g g e s t tha t l o n g - t e r m 
consumption of kolanut , and caffeine blocks Ca2+ 

influx through interference with both voltage and 
receptors- operator channels. This observation is 
consistent with earlier reports that caffeine inhibits 
Ca2* cur ren t s th rough vo l t age -dependen t Ca2* 
channels in rats cultured myometrium [44] and that 
these relaxation was also accompanied with decrease 
in Ca2* [45] 

Sato etal, [46] also reported that the inhibitory 
effects of caffeine was not only due to a decrease in 
Ca2t but due to its direct effect on the contractile 
proteins. It is well known that caffeine act as a 
phosphodiesterase inhibitor and it increases the 
adenosine 3, 5 cyclic monophosphate content [38]. 
Caffeine increases cyclic adenosine monophosphate 
(cAMP) concentration in vascular tissues [47], this 
ac t iva te protein kinases , which phosphory la t e 
myosin light chain kinase and more Ca2* is added 
for activation, thus cAMP may decrease the Ca2* 
s e n s i t i v i t y of the c o n t r a c t i l e e l e m e n t [48] . 
Decaffeinated kolanut extract analysis shows that it 
contain flavonoid and phenolic compound which 
have been shown to influence the vascular smooth 
muscle The reduction in the contraction induced 
by NA/ higher K+ observed in this study is in 
agreement with previous study who suggests that 
the relaxant act ion of the f l avono ids inc ludes 
inhibition of Ca*2 influx and release of Ca*2 f rom 
intracellular stores [49,50]. 

Another f inding f rom this s tudy is that 
6 w e e k s of t r e a t m e n t wi th k o l a n u t e x t r a c t , 
decaffeinated and caf fe ine did not s ignif icant ly 
change the ACh-induced aortic relaxation. Similarly, 
the max imum relaxat ion induccd with sod ium 
nitroprusside was not different in kolanut extract. 

c a f f e ine and decaf fe ina ted treated groups. This 
f inding suggests that NO is the most important 
cndothel ium-der ived mediator involved in Ach-
induced relaxation of the aortic rings. Meanwhile, 
the inhibitory effects of atropine on the ACh-induced 
relaxation suggest the involvement of cholinergic 
mechanism. This result is in agreement with our 
earlier report 151]. Also, since L- NAME, a nitric 
ox ide syn thase inhibi tor abol ished the kolanut 
e x t r a c t - i n d u c e d c n d o t h c l i u m - d c p e n d e n t 
v a s o d i l a t i o n , it c o n f i r m s that kolanut ext rac t 
stimulates endogenous nitric oxide production by 
agonist stimulation. It is well known that NO's play 
a pivotal role in the ACh - induced relaxation of the 
aortic ring [52,53]. The question remains whether 
ACh-induced relaxation of the aortic ring by the 
decaffeinated, kolanut extract and caffeine involves 
other endothelium derived mediators. 

O u r resu l t s s h o w tha t A C h - induced 
relaxation of the aortic rings was attenuated in the 
p r e s e n c e of i n d o m e t h a c i n and the A C h 
c o n c e n t r a t i o n - r e s p o n s e c u r v e w a s s h i f t e d 
s i g n i f i c a n t l y to the r igh t . T h i s i nd ica t e s that 
prostanoids are involved in the vascular relaxation 
induced by ACh. This is in agreement with other 
r e p o r t s w h i c h s u g g e s t e d the p a r t i c i p a t i o n of 
endothelium-derived vasodilatation prostanoids in 
ACh-induced relaxation (54, 55) and are at variance 
with r epo r t s that i nd ica t e the i nvo lvemen t of 
prostanoid is negligible 156, 57]. 

Anothe r report has shown that ca f fe ine 
increases concentration of c A M P [47] and cAMP 
accumula t ion was a lso shown to induced NOS 
expression in the rat mesangial cells, with consequent 
enhancement of N O production and NO activated 
COX enzymes [58], There fore , it appears like a 
cross-talk between COX and NOS pathways may 
modify the effects of the ACh relaxation of the aortic 
rings. 

We also verified the effect of chronic kolanut 
extract , decaf fe ina ted and caf fe ine treatment on 
preparations treated with either indomethacin or L-
NAME. Our methodological approach permits us to 
individually investigate the participation of either 
COX or NOS partway in ACh - induced aortic ring 
relaxation. The present results indicate that both 
COX and NOS pathways are unchanged in kolanut 
extract decaffeinated and caffeine treated animals. 
This suggests that caffeine, kolanut or decaffeinated 
treatment did not change ACh - induced aortic ring 
r e l a x a t i o n r e s i s t a n c e to i n c u b a t i o n with 
indomethacin plus L-NAME. 

Recent studies have suggested that at a lower 
c o n c e n t r a t i o n c a f f e i n e induccd actin 
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Treatment with atropine attenuated the ACh-
induced relaxation of the rat aortic rings as well as 
shifting the ACh-conccntration-rcsponsc curve 
significantly to the right (Fig. 6). The ACh -induced 
relaxation of rat aortic rings was also significantly 
(/><0.05) reduced in the presence of indomcthacin 
(Fig. 7). I lowcver, the ACh -induccd relaxation was 
completely abolished when the preparation was 
incubated with indomcthacin plus L-NAME (Fig. 8). 
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symbol and dotted lines). Preparations were obtained from nor-
mal saline (NS), dccaffcinatcd (DSCAF), cthanolic kolanut 
cxtract (EEKNT) and caffcinc (CAFF) groups. Each point rep-
resents the mean ± SE (n=8). (*/»<0.05; *V<0 .0 l ) compare 
with control group 

ACIi I.ii|! Concentration (M) 
Fig. 7: Concentration-response for acctylcholinc-induccd 
relaxation (ACh; 10 to I0 -4M) in rat aortic rings pre-contracted 
with noradrenaline (lO* M) in absence (filled symbols and 
continuous line) and presence of indomcthacin (open symbol 
and dotted lines). Preparations were obtained from normal saline 
(NS). dccaffcinatcd (DSCAF), cthanolic kolanut cxtract (EEKNT) 
and caffcinc (CAFF) groups. Each point represents the mean ± SE 
(n=8). (•/><0.05; *V < 0.01) compare with control group. 

NS 
NS • L -NAME+liulom 
DECAF 
DECAF+ LNAME • liulom 
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E E K N T + L-NAME+ liulom 
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CAFF • L-NAME* liulom 
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Fig. 8: Conccntration-rcsponsc for acctylcholinc-induccd re-
laxation (ACh; 10" ' to I0"1 M) in rat aortic rings pre-contracted 
with noradrenaline (10^'M) in absence (filled symbols and con-
tinuous line) and presence of L-N AM E plus indomcthacin (open 

Discussion 
The results of GC-MS indicate that the crude 
cthanolic cxtract of kolanut contains 51.1% of 
caffeine with about 97% pure. The caffeine contents 
of kolanut in this study differ from the previous 
reports by other workers. Somorin (28) found that 
cola nitida contains 0.16-gram caffeine per lOOg 
powder of kolanut. Ogutuga [29] also reported that 
kolanut contains between 1-1.5% caffeine by weight 
of a dried powdered sample of kolanut [29]. Caffeine 
content in kolanut and c o f f e e var ies wide ly 
depending on the type of kolanut and the method of 
preparation used. Certain types of kolanut may 
contain somewhat more caffeine than others [29]. 
Besides, processing techniques may be accounted 
for the observed variation of caffeine content in 
kolanut [30]. 

Results from this study showed that chronic 
consumption of kolanut and caffeine resulted in a 
reduction in the body weight of rats. The greater 
increase in the final mean body weight of rats in the 
dccaffcinatcd group when compared with the 
caffcinc groups showed the reducing effects of 
caffeine on body weight. The observed reduction in 
the body weight by caffeine may be attributed to 
increased thermogenesis [31], lipolysis [32] and fat 
oxidation induced by caffeine [33]. 

In the present study, mean arterial blood 
pressure was elevated in crude kolanut extract, 
suggesting vasoconstriction ef fec ts of kolanut 
extract. Our results support those of previous studies 
showing that the chronic consumption of crude 
kolanut extract increased blood pressure [19, 20]. 
However, mean arterial blood pressure of caffeine 
groups were not different from the control group. It 
is known that acute administration of caffeine elevate 
blood pressure, but studies have shown that tolerance 
to caffeine develops rapidly [34] as heavy caffeine 
drinkers arc less likely to develop an increase in 
blood pressure [35]. One of the mechanism by which 
acute caffcinc administration increase blood pressure 
was through increasing circulating catecholamine 
[36] adenos ine receptor an tagonis t [37] and 
activation of the rennin - angiotensin system [38]. 
Debrah et al, [39] reported that the increase in 
adrenaline levels induced by a single dose of caffeine 
will be reduced with the sustained consumption of 
m o r e c a f f c i n c . Even the r e c e n t e p i d e m i o l o g i c a l 
studies suggest a protective role of high coffee intake 
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depolymerisation disrupts cross-bridge formation in 
the intact and permcabilizcd smooth muscle tissues, 
leading to a relaxation, without affecting myosin 
motor function 159,60]. It is noteworthy that lower 
concentration of caffeine was used in this study (6 
mg/kg/body weight) which is equivalent to three cups 
of coffee per day in human 124], and one cup is 
equivalent to 227 g of regular coffee, which contains 
137 mg of caffeine (25). 

In conclusion, treatment with decaffeinated 
kolanut extract and caffeine does not change ACh -
induced aortic ring relaxation. The vasodilatory 
effect of decaffeinated kolanut extract may be due 
in part to the presence of flavonoids, including 
quercetin in this extract. Similarly, the effects of 
kolanut extract on vascular smooth muscle are 
essentially similar to that of caffeine in this study, it 
will therefore be in place to conclude that the effects 
of kolanut extract is being carried out by the presence 
of caffeine in it. Further studies whereby different 
c o n c e n t r a t i o n s of ko lanut cx t rac t , ca f f e ine , 
decaffeinated kolanut and other active substances 
isolated from kolanut cxtract will throw more light 
on the mechanisms of action of kolanut on the 
cardiovascular functions in rat. 
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a sadd le 011 o n e s ide o f the a rch wi th o t h e r 
components on the other side [1-3]. I11 addition to 
its basic role, major connectors may contribute to 
the support and bracing of a denture. It may also 
help to retain the denture by providing indirect 
retention [1 ,4] , or occasionally acts as a splint and 
provides a s t ab i l i z ing e f f ec t on pe r iodon ta l ly 
weakened anterior teeth [5]. 

Several studies have shown that removable 
partial dentures can predispose to or aggravate 
existing periodontal diseases [6-8). This is because 
it enhances plaque accumulation and favours the 
g r o w t h of m o r e p a t h o g e n i c p l a q u e b a c t e r i a . 
Chamrawy [6], found that consistently higher plaque 
scores were obtained from all teeth surfaces during 
denture wearing. Arigbedc et al [7]. in a study on 
Niger ians while assess ing the impact of ma jo r 
connectors 011 gingival health, reported a significant 
increase in the mean plaque index of the abutment 
teeth but did not identify any significant increase in 
the control teeth. He concluded that metallic partial 
den tures appear to cause an increased p laque 
accumulation and gingival inflammation around 
abutment teeth than the control teeth. 

The effect of various components of the 
removable partial denture on periodontal health has 
been investigated by various authors [8,9]. The clasp 
arm was reported to cause more plaque and calculus 
accumulation 011 the abutment teeth when compared 
with non abutment teeth [8, 9]. McMenry et al [ 10], 
evaluated the changes in the health of the gingival 
tissue using the lingual plate and cingulum bar 
connectors , and reported a greater increase in 
gingival inflammation when a lingual plate was used 
when compared with a bar connector. Also, Zlateric 
et al [8], assessed the oral health of Removable 
Partial Denture (RPD) wearers and discovered that 
the highest plaque index, calculus index, gingival 
recession, probing depth were registered in lingual 
plate RPD's. 

The sequelae of the coverage of the marginal 
gingival results in an increased plaque accumulation 
and gingivitis, and the severity depends on the 
medical condition and oral hygiene of the patient, 
the host response to plaque, the alignment of the 
natural teeth, and the duration of the coverage [ 10]. 

Removable partial dentures are the most 
common option of replacing missing teeth amongst 
partially edentulous Nigerian patients [ 11 ]. I Iowevcr, 
these patients demonstrate a poor clinic attendance 
especially for review and this necessitated the need 
to incorporate components that reduces plaque 
retention. The lingual bar and plate major connectors 

form an important componen t of the mandibular 
removable partial dentures, and there appear to be 
l imi ted l i t e r a tu re in o u r e n v i r o n m e n t 011 their 
influence on gingival health. I his calls lor more 
studies to assess the effect of this major component 
of the metallic RPD on periodontal health. This study 
was therefore designed to assess the influence of 
lingual bar and plate ma jo r connectors 011 gingival 
health among patients in University College I Iospital 
(UCH). Ibadan, Nigeria. 

Materials and methods 
The study was conducted at the prosthetic outpatient 
c l inic of the Dental Cen t r e . Univers i ty College 
Hospital (UCH), Ibadan. Nigeria. 

The sample size was calculated using the formula 
N= f Z a + Z f l ) 2 (S /2) -

("Qi - Q 2 ) : 

Where N= minimum sample size. Zu = standard 
normal deviate corresponding to the probability of 
type I error (a) at 5% = 1.96 
Zp = standard normal deviate corresponding to the 
probability of type II error (P) of 20%. Power at 
80% = 0.84 
S = Standard deviation, QI = Mean score I. Q 2 = 
mean score 2 
Using mean gingival index score of 0.8 (± 0.9) and 
1.4 (± 0.7) for lingual bar and plate respectivcly , : 

N = f 1.96 + 0.84\= 1(0.9 -H).7V2|= 
[ 1 . 4 - 0 . 8 ] -

= 13.938 
= 14 Patients 

Fifteen out of eighteen patients that were selected 
participated fully in the study. I hrcc patients did not 
turn up for further management af ter the tr\—in of 
metal frame work. Selection was made according to 
the following criteria: volunteers with no systemic 
disease, non smokers, healthy periodontal tissue. 
Kennedy class HI modi f i ca t ion 1 or 2 partially 
edentulous mandibular arch, absence of dental caries, 
minimum depth of lingual sulcus of 7mm, and no 
history of wearing of removable partial dentures prior 
to this study. Exclusion criteria included poor oral 
hygiene, high frenal attachment, presence of lingual 
toii, malocclusion such as rotation or imbrications 
of the natural teeth and an inadequate depth of the 
lingual sulcus of less than 7mm. Kennedy class III 
patients were incorporated into the study- population 
to ensure that the design of the dentures were 
essentially s imilar except for the bar and plate 
connector system for each patient. 


