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Abstract 
Background: The study invest igated the 
pharmacological effects of ethanol extract of Sida acuta 
leaves on central nervous system activities in mice. 
Methods: Adult male mice (18 - 25g) were used for 
the study. The extract was administered orally in male 
mice and evaluated in the following tests: forced 
swimming, tail suspension, formal in-induced paw 
licking, acetic acid - induced mouse writhing and 
apomorphine-induced stereotypy. 
Results: The results revealed a reduction in the 
frequency of abdominal constrictions induced by 
acetic acid, decreased licking times in both phases 
of the formalin test, reduction in immobility times 
in forced swimming and tail suspension tests. 
H o w e v e r , the e x t r a c t p r o d u c e d no e f f ec t on 
apomorphine-induced stereotyped behaviour. 
Conclusion: These results suggest that the ethanol 
ex t r ac t of Sida acuta c o n t a i n s p s y c h o a c t i v e 
substances with analgesic and antidepressant-Iike 
p r o p e r t i e s wh ich may be b e n e f i c i a l in the 
management of pain. 
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Resume 
Introduction: L'etude consistait a enqueter sur les 
ef fe ts pharmacologiques d 'extrai t d 'e thanol des 
feuilles du Si da acuta sur les activites de systeme 
nerveux central chez les souris. 
Methodes: Les souris males adultes (18 - 25g) ont 
ete utilisees pour Tetude. L'extrait a etc administre 
oralement chez les souris males, et evalue dans les 
epreuves suivantes: la natation forcee, la suspension 
de queue, la raclee de patte incitec de formol, la 
souris incite, se tortillant et apomorphine-incitee 
stereotype a l 'acide acelique 
Resultats: Les resultats ont revele unc reduction de 
la frequence de constrictions abdominales indices 
par Tacide acctique, les temps de raclee diminues 
dans les deux phases de 1'epreuve de formol, la 
reduction aux temps d ' immobil i te dans la natation 
forcee et les epreuves de suspension de queue. 
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Pourtant, l 'extrait n 'a produit aucun effet sur le 
comportemcnt stereotype apomorphine-incite. 
Conclusion: Ces resultats suggerent que l'extrait 
d 'e thanol du Sida acuta contient de substances 
psychoactive avec les proprietes analgesiques et 
semblables ii des proprietds d 'antidepresseur qui 
peuvent etre favorables dans la gestion de douleur. 

Introduction 
Over the years , s ta t is t ics ind ica te that out of 
approximately 45 million people suffering from mental 
or behavioural disorders, only a small minority could 
access basic treatment. This may progressively 
compound a global burden of psychiatric disease, 
proposed to rise to 15% by 2020 II J. This led to a 
progressive research on medicinal plants to constantly 
demonstrate the psychotherapeutic effectiveness of 
different plant species in varieties of animal models 
[2,3J f° r die treatment of neurological disorders. 

Sida acuta is a shrub be longing to the 
Malvaceae family [4] and commonly referred to as 
teaweed, ironweed [5]. Locally, it is called osonkotu/ 
isankotu [61 or iseketu among the Yoruba tribe in 
Nigeria. The plant is an erect annual and/or perennial 
shrub that can grow to a height of three feet. The 
stems are woody, branching several times, and it has 
a well-developed tap root. The leaves are lance-to 
rhomboid-shaped with serrated margins and have 
small yellow flowers that can be solitary or growing 
in pairs in the leaf axils [7]. 

It is widely distributed in the tropics and 
subtropical regions IS] and known to frequently 
dominate improved pastures, waste dumps and road 
sides [41. 

Sida acuta is tonic, astringent and emollient. 
The plant is useful in the treatment of blood, throat, 
respiratory and urinary tract related infections and 
pain including fever and headache (9). Decoction of 
the leaves had also been used for the treatment of 
hookworm, diarrhea, parasitic skin diseases, catarrh, 
dysentery and nephritis [ 10]. 

Several phytochemical screenings resulted in 
isolation of alkaloids and steroidal compounds [11, 
12]. The main alkaloids are cryptolepine and its 
der iva t ives such as qu indol ine , qu indol inone , 
cryptolepinonc and 11-methoxy-quindoline. The 
major steroids arc ecysterone, beta-sistosterol, 
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Trea tment 
represents mean ± S.E.M. *p<0.05, **p<0.01 compared to the control group; Student's t-test (n = 6). 

'ig. I. bttccts of cthanol cxtract of s'ula acuta leaves on immobility duration in mice in tail suspension test. 

Table 1: Etlect of cthanol cxtract of sida acuta on formalin induccd paw licking in mice. 

Treatment Dose (mg/kg) 1" Phase % Inhibition 
Licking Times (s) 

2nd Phase % Inhibition 
Licking Times (s) 

Control 
S. acuta 
S. acuta 
S. acuta 
Indomethacin 

50 
100 
200 

50 

80.67 ± 5.94 
62.00 ± 8.03 
58.67 ± 4.25* 
53.00 ± 5.72** 
50.50 ±5.84** 

23.14% 
27.27% 
34.30% 
37.40% 

146.50 ± 17.72 
75.67 ± 13.58** 
53.17 ±9.34*** 
41.50 ± 11.09*** 
69.00 ± 28.42* 

4S.35% 
63.71% 
71.67% 
52.90# 

Etich value represents mean ± S.EM *p<0.05, **P<0.0I, ***p<0.001 cornered to the contml g,vup; Students t-test (n = 6). 

l a b l e 2: Effects of cthanol extract of sida acuta leaves on acetic-acid induced writhin« in mice. 

Treatment Dose (mg/kg) Writhing number/ 30mins r/( Inhibition 

Control 
S. acuta 
S. acuta 
S. acuta 
Acetylsalicyclic 
Acid 

50 
100 
200 
100 

112.20 ±7 .92 
80.40 ± 10.51* 
63.60 ± 4.06*** 
59.40 ± 7.32** 
61.80 ± 12.09** 

28.34% 
43.32%. 
47.32% 
44.92% 

Each value represents mean ± S.E.M. *,,<0.05. **,,<0.01. ***,,<0.00! compared,,, the control gtoup; Student's t-test(n = 6). 
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E 3 Control 
HD S. acuta 50mg/kg 
EZ3 S. acuta 100mg/kg 
E23 S. acuta 200mg/kg 
E 3 Chlorpromazine 1.0mg/kg 

Treatment 

T ? SF'f-*l,<°05 C°,Upm'd'° "" COnl™1 *™P: Student's t-test (n = 6* 
no cxtract ol si da acuta leaves on apomorphine-induced stereotyped behaviour in mice. 
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Acetic acid - Induced Writhing Test 
The ef lee t of Sida acuta on acetic acid- induced 
nocicept ion in mice w a s assessed accord ing to 
K o n s t c r et al [181. T h i r t y m i n u t e s b e f o r e 
intraperi toneal inject ion of 0 .60% acetic acid to 
induce abdominal constrictions, the animals were 
pretreated with doses of Sida acuta ( 50 -200 mg/kg, 
peroral (p.o.)),acctylsalicylic acid (100 mg/kg, p.o.) 
or distilled water (10 ml/kg, p.o.). After abdominal 
const r ic t ions have been induced, each mouse is 
immediately transferred to an observation chamber 
a n d the n u m b e r of a b d o m i n a l c o n s t r i c t i o n s 
(writhings) was measured for 30 minutes. 

t- tcst ; p values less than 0 .05 were cons idered 
statistically significant. 

Results 
Effect of ethanol extract of sida acuta on immobility 
duration in mice in the forced swim test 
Sida acuta (50 - 200mg/kg) significantly (p < 0.05) 
decreased the duration of immobility in the FST in a 
dose-related manner when compared with the control. 
The period of immobility was also significantly (p < 
0.05) reduced by imipramipc (SOmg/kg). 
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T r e a t m e n t 
Each value represents mean ± S.E.M. *p<0.05, **p<0.01 compared to the control group; Student's t-tcst (n = 6) 
Fig. 1 : E f f e c t s of e thanol cxtract of sida acuta leaves on immobil i ty durat ion in mice in forced s w i m test. 

Test for psychosis 
Apomorphine - induced stereotypy test 
A modif ied method of Bourin et al [ 19] was adopted 
for this stereotyped behavioural disorder as an animal 
model for psychosis . The animals were pretreated 
w i t h Sida acuta ( 5 0 - 2 0 0 m g / k g , p . o . ) . 
ch lorpromazine (1 mg/kg, p.o) or distilled water (10 
m l / k g , p .o . ) th i r ty m i n u t e s b e f o r e in jec t ion of 
a p o m o r p h i n e (1 .5 mg/kg, s.c.). Each mouse was 
observed in a transparent tank (21 x 16 x 14 cm) for 
2 m i n u t e s at 10, 2 0 , 3 0 and 4 5 m i n u t e s a f t e r 
s u b c u t a n e o u s a d m i n i s t r a t i o n of a p o m o r p h i n e . 
Stereotyped behaviours were scored as: 0, absence 
of s tereotyped behaviour; 1, presence of stereotyped 
movemen t s of the head; 2, intermittent sniffing; 3, 
chewing; and 4, intense licking 119]. The results were 
expressed as the sum of the individual stereotype 
score at each t ime interval in each group. 

Statistical analysis 
Results were expressed as mean ± standard error of 
mean (SEM). The data were analyzed using Student 's 

Effect of ethanol extract of sida acuta on immobility 
duration in mice in the tail suspension test 
The extract of Sida acuta (50 - 200mg/kg) shortened 
the duration of immobility in mice in a dose-related 
manner in TST. Reduced durat ion of immobi l i ty 
caused by the extract was significant (p<0.05) only 
at doses of 100 and 200mg/kg of Sida acuta when 
compared with the control. Also, imipramine (50mg/ 
kg) s igni f icant ly (p<0 .05) shor tened immobi l i ty 
duration in mice. 

Effect of ethanol extract of sida acuta on formalin-
induced paw licking test 
M o u s e c h a r a c t e r i s t i c p a w - l i c k i n g r e s p o n s e to 
f o r m a l i n induced n o c i c e p t i o n occu r r ed in t w o 
phases. Only doses of 100 and 200mg/kg of Sida 
acuta significantly (p<0.05) inhibited paw licking 
during the 1st phase when compared with the control. 
During the 2nd phase, Sida acuta produced a dose 
dependent and s ignif icant (p<0.05) inhibition of 
noc icep t ive r e sponses in all tested doses (50 -
200mg/kg). 
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Effect of ethanol extract of sida acuta on acetic acid 
induced writhing in mice 
The cxtract of Sida acuta (50 - 200mg/kg) produced 
a dose d e p e n d e n t i n h i b i t i o n of a b d o m i n a l 
constrictions in mice. A greater inhibition (47.32%) 
was observed at a dose of 200mg/kg of the extract 
when compared with 44.92% inhibition produced 
by acetylsalicyclic acid (lOOmg/kg). 

Effect of ethanol extract of sida acuta on apomorphine 
- induced stereotyped behaviour in mice 
Sida acuta at all tested doses (50 - 200mg/kg) did 
not produce any significant (p>0.()5) alterations in 
the behavioural patterns of the animals. 
Chlorpromazine (l . ()mg/kg), being the reference 
d r u g , s i g n i f i c a n t l y ( p < 0 . 0 5 ) s u p p r e s s e d the 
stereotyped behaviour induced by apomorphine. 

Discussion 
This study was carried out to investigate the central 
nervous system activity of the ethanol extract of Sida 
acuta in laboratory animals. Formalin-induced paw 
licking response (201 and acetic acid-induced mouse 
writhing tests 11 SI were employed as models for 
evaluating the analgesic properties of Sida acuta. 
This study showed that Sida acuta has an analgesic 
property, due to the ability of this plant extract to 
r e d u c e the n u m b e r of wr i t h ings or abdomina l 
const r ic t ions induced by acetic acid in mice. In 
rodents, the behavioural pain produced by acetic 
acid, a chemical irritant producing tissue necrosis 
and e n c o d i n g t i ssue injury, was reported to be 
inhibited by several classes of analgesics [21]. 

Inhibition of nociceptive action of acetic acid 
by Sida acuta s u g g e s t s t he p r e s e n c e of 
phytochemically active substances in the extract. 
Formalin produced two phasic behavioural pains in 
rodents; the 1M phase (0 - 5minutes) represents a 
centrally mediated neurogenic pain which results 
f rom direct s t imulat ion of pr imary afferent pain 
f ibers and the 2,,tJ phase (15 - 30minutes ) is an 
i n f l a m m a t o r y pain r e s p o n s e [22, 17] which is 
peripherally mediated and it is due to activation of 
n o c i c e p t o r s by c h e m i c a l m e d i a t o r s [23] . T h e 
d e m o n s t r a t i o n tha t Sida acuta s upp re s sed the 
triphasic pain response in mice is an indication of its 
strong analgesic property. 

T h e two e x p e r i m e n t a l m o d e l s used for 
assessing the antidepressant - like property of Sida 
acuta were tail suspension test (TST) and forced 
s w i m tes t ( F S T ) . B o t h F S T and T S T e v o k e d 
cha rac te r i s t i c b e h a v i o u r a l immobi l i ty in mice , 
following exposure to stressful experimental sessions 
such as s w i m m i n g and b o d y tai l s u s p e n s i o n 

r/ acuta in rats ' 

r e s p e c t i v e l y . T i r e d n e s s , l o w e r e d m o o d 
(hopelessness), reduced stamina and cessations of 
persisted escape - directed behaviour arc all features 
of immobility [24] which represent some of the core 
symptoms seen in clinically depressed patients [25]. 
Through these tests, reduction of immobility periods 
in rodents by antidepressant drugs like imipramine 
have been shown to clinically correlate to a similar 
effect on mood elevation in depressed patients [26]. 
The outcome of the study showed that Sida acuta 
exhibited antidepressant - like activity due to its 
ability to reduce the period of immobility in mice in 
both FST and TST. 

Drugs that inhibit apomorphine - induced 
s tereotyped behaviour arc known to an tagon ize 
dopamine receptors in the nigrostriatal region [27, 
28]. In mice, apomorphine increases the intensity 
and duration of stereotypic behaviour, such as head 
movement, persistent sniffing, intense licking and 
chewing, by acting directly on the post -synapt ic 
dopamine D, receptors [29]. Inhibi t ion of these 
r ecep to r s thus r e v e r s e s the h y p e r a c t i v i t y and 
stereotypy suggesting interference with the central 
dopaminergic neurotransmission. In this study we 
observed that Sida acuta extract did not significantly 
a l t e r the b e h a v i o u r a l p a t t e r n s i n d u c e d by 
apomorphine thereby suggesting non interference 
with the central dopaminergic transmission.. 

It can be concluded based on these Findings 
that Sida acuta contains psychoactive compounds 
with analgesic and anti-dcpressant-l ike propert ies 
without s ignif icant e f fec t s on the d o p a m i n e r g i c 
pathway. 
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Introduction 
High blood pressure causes one in every eight deaths 
worldwide, making it the third leading global cause 
of mortality 11 ]. In the year 2000 about one billion 
adults had hypertension all over the world, and the 
number is expected to rise to 1.56 billion in 2025 
(2J. Elevated blood pressure (BP) is one of the risk 
f ac to r s for the d e v e l o p m e n t of c a r d i o v a s c u l a r 
d i s e a s e s and m a y be e x a c e r b a t e d by r e g u l a r 
consumption of caffeine (3 J. Caffe ine is one of the 
active biological components in coffee , tea. kolanut 
and o ther beverages (4). More than 8 0 % of the 
world 's population ingest caf fe ine daily, making it 
the most widely consumed drug in history (5). 

The genus Cola (Stcrculiaceae) is comprised 
ol about forty species, but the most commonly used 
are Cola, anomala, C. acuminata, and C. nitida. 
with the latter two being the most widely consumed. 
Cola nitida has been found to have the highest 
amounts of caffeine. However, despite the caffe ine 
contents of kolanut, the number of studies on the 
health benefits ol kolanut is negligible compared to 
coffee . 

During the last decade, reports have been 
focused on effects of coffee and caffeine on diabetes 
mellitus [6 -8], neurological diseases |9J, different 
types of cancer [101, hormonal changes [11-131, 
g a l l s t o n e s [14] , r ena l s t o n e s [15] , as wel l as 
cardiovascular disease [ 16], and hypertension [17]. 

Kolanuts have been used in folk medicine 
as an aphrodisiac and an appetite suppressant [19]. 
Previous studies indicate that chronic consumption 
of crude extract of kolanut caused tachycardia which 
was a s soc ia t ed with inc rease in ar ter ia l b lood 
p r e s s u r e in n o r m o t e n s i v e a n d s a l t - i n d u c e d 
hypertensive rats [ 19,20]. Intravenous injection of 
crude cxtract ol kolanut increased the rale and force 
of contraction of isolated rat heart [21 J. The precise 
mechanism of the hypertensive action of the kolanut 
crude extract could however not be established in 
these studies. Therefore, the aim of the present study 
is to investigate the vascular mechanisms of chronic 
c o n s u m p t i o n of kolanut ex t rac t involved in its 
hypertensive effect in rats by assessing the relaxation 
response of isolated aortic r ings to acetylchol ine 
( A C h ) and s o d i u m n i t r o p r u s s i d e ( S N P ) in the 
presence or absence ol L-nitroarginine methyl ester 
(L-NAME), Atropine and indomethacin. 

Materials and methods 
T h e e x p e r i m e n t a l p r o t o c o l fo r th i s s t u d y w a s 
approved by the Animal Research Ethics Commit tee 
of the Lagos State University Col lege of Medic ine . 
Nigeria. This is in conformat iona l with the 1985 

//A/ Saluhdecn, AO Omoa$he. GO Iselumwa, et a I 

guidel ines for laboratory animal care of the National 
Institute of Heal th (NIH) . 

Chemicals and drugs 
Noradrenal ine , A C h , SNP, L - N A M E , indomethacin 
and a t ropine were obta ined f rom Sigma-Aldr ich (St. 
Louis, Mo. , USA) , while ca f fe ine was extracted from 
kolanut . T h e drugs were di luted with distilled water 
a n d w e r e f r e s h l y p r e p a r e d on t h e day of the 
exper iment . 

Plant materials 
Seeds of spec ie Cola nitida were used in this study. 
T h e seeds w e r e purchased f rom a market in Lagos, 
Nigeria. Ident i f icat ion of the plant was carried out 
by the Taxonomis t of the Forestry Research Institute. 
F o l l o w i n g i d e n t i f i c a t i o n , a s p e c i m e n vouchor 
n u m b e r FHI 1008881 of the plant was deposited in 
the he rba r ium of the Fores t ry Research Institute. 
Ibadan, Niger ia . 

Preparation of kolanut crude extract 
The seeds were air dried under shade for two weeks 
and the rea f t e r m a c e r a t e d at r o o m temperature to 
powdered form. One ki logram of the powdered seeds 
was obtained and exhaust ively extracted with cthanol. 
Powdered kolanut w a s extracted (1 kg per 2 litres) two 
times with ethanol and water (80:20 V/V) for 1 h at 
room temperature, the solvent was evaporated at 4(>'C 
under vacuum and final ethanolic extract lypholized. 
I he extract solution was prepared as a suspension with 

4 g / 1 0 0 m L of saline as the stock solution. 

Extraction oj caffeine from kolanuts 
Methy lene ch lo r ide ( D i c h l o r o m e t h a n e - D C M ) was 
used for the isolation ol c a f f e i n e f rom kolanut briefly 
descr ibe as fo l lows : a k n o w n we igh t of dried and 
g iound samples ( C a f f e i n e p roduc t s ) was extracted 
three success ive t imes wi th hot wa te r (100°C) and 
co ld water in a d a r k p l a c e ( F l a s k covered with 
a lumin ium foil) at r o o m t empera tu re (25°C). The 
collected ex t iac t s were f i l tered us ing filter paper, the 
i Hate was evapora t ed to e l imina te the solvent using 

lotuiy evapoia tor (at 45°C) , and the obtained residues 
cru e ex t iac t s ) w e r e kept in the refrigerator until 

U m i ^ ' 1 C n ^ kolanut extract was 
a e to a clean 500 m L Er lenmeyer flask, and mixed 
with two g r a m s of s o d i u m b icarbona te (NaHCO,). 
another 25 m L of ( D C M ) w a s added and the mixture 
\ igorously swir led for 10 minutes . This was allowed 
to mix till t w o separa te layers were formed a dark 
aqueous top layer and a c lear methylene chloride 
bot tom layer. T h e upper layer conta ined the caffeine 
whi le the bot tom layer w a s the decaffeinated. All of 


