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ABSTRACT 
The ethanolic root extract of Croton zambesicus was investigated for its potential to protect gastric mucosa 
against ulcers induced by indomethacin, ethanol and reserpine. The anticonvulsant activity of the root extract 
against pentylene tetrazol(PTZ )- and picrotoxin-induced convulsion in mice was also studied. The extract (27-
81mg/kg) produced a significant (P<0.005-0.001) dose-dependent effects against the ulcerogenic effect of 
differents agents used; indomethacin, ethanol and reserpine. The effect of the extract was lower than that of the 
standard drug, cimetidine (100mg/kg) in the indomethacin and reserpine-induced ulcer models and higher than 
that of propranolol (40mg/kg) in ethanol- induced ulcer model. The extract (27-81mg/kg) could not protect mice 
from convulsion in both PTZ – and picrotoxin- induced convulsion. The root extract significantly (P<0.01-
0.001) delayed the onset and latency of convulsion caused by PTZ and picrotoxin. The root extract possesses 
antiulcer and anticonvulsant properties. 
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INTRODUCTION 
 
Croton zambesicus Muell Arg. (Euphorbiaceace) (syn C. 
amabilis Muell. Arg. C. gratissimus Burch) is an 
ornamental tree grown in villages and towns in Nigeria. It 
is a Guineo – Congolese species widely spread in tropical 
Africa. Ethnobotanically, the leaf decoction is used in 
Benin as anti hypertensive and anti- microbial (urinary 
infections) (Adjanohoun et al,1989) and in parts of 
Nigeria as antidiabetic and malarial remedy (Okokon et 
al., 2005a, 2006). The roots are used as antimalarial and 
antidiabetic by the Ibibios of Niger Delta region of 
Nigeria. The root is also used in Sudan for menstrual pain 
(El-Hamidi, 1970) and as aperients (Ngadjui et al., 1999). 
Boyom et al. (2002) studied the composition of essential 
oils from the leaves, stem and roots of Croton zambesicus 
and found the three types of oils to be similar in 
composition, with those from the leaves and stem rich in 
monoterpenes, while that of the root bark contains 
sesquiterpenes. The root and stem bark oils were found to 
be rich in oxygen-containing compounds, with 
spathulenol and linalool as major components. Studies 
have reported on the antimicrobial properties of the leaf 
and stem (Abo et a.l, 1999). The ethanolic leaf extract has 
been reported to possess antiplasmodial (Okokon et al., 
2005a), antidiabetic (Okokon et al., 2006), anti-
inflammatory, analgesic and antipyretic activities 
(Okokon et al., 2005b). Okokon and Nwafor (2008) 
reported that the root extract whose LD50 is 273.86 mg/kg 
contains alkaloids, saponins, terpenes, tannins, 
phlobatannins, anthraquinones and cardiac glycosides, 
while flavonoids were reported to be absent. Information 
on biological activity of the root is scarce. We therefore 
investigated the antiulcer and anticonvulsant activities of 
the root extract of the plant to ascertain the folkloric claim 
of its activities. 

MATERIALS AND METHODS 
 
Plant materials 
The plant part (roots) was identified by a taxonomist in 
the Department of Botany, University of Uyo, Uyo. The 
roots were collected from compounds in Uyo metropolis 
and were authenticated. A voucher specimen 
(DPNM.31c) of the plant was deposited in the hebarium 
of Department of Pharmacognosy and Natural medicine, 
University of Uyo, Uyo, Nigeria 
 
Extraction 
The roots were shade dried for 2 weeks. The dried roots 
were further chopped into small pieces and reduced to 
powder. The powdered roots were divided into two parts, 
one parts was macerated in 97% ethanol for 72 hours to 
give the crude ethanolic extract while the other part was 
successively and gradiently macerated for 72 hours in 
each of these solvents; n-hexane, chloroform, ethyl 
acetate and methanol to give the corresponding gradient 
fractions of these solvents. The liquid filtrates were 
concentrated and evaporated to dryness in vacuo 40°C 
using rotary evaporator. The yield of each extract was 
calculated. The dry extracts were stored in a refrigerator 
at 4°C until use for the proposal experiment. 
 
Animals 
The animals (Swiss albino male rats and mice of either 
sex) that were used for these experiments were obtained 
from University of Uyo animal house. The animals were 
housed in standard cages and were maintained on a 
standard pelleted feed (Guinea feed) and water ad libitum. 
Permission and approval for animal studies were obtained 
from College of Health Sciences Animal Ethics 
committee, University of Uyo.  
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Evaluation of antiulcer activity of the extract 
Indomethacin-induced gastric ulceration 
Male adult rats were used for the experiment .They were 
randomized into six groups of six animals each. Food was 
withdrawn 24h and water 2h before the commencement of 
the experiment (Alphin and Ward, 1967). Group I 
(control) received only indomethacin (Sigma, 60 mg/kg 
p.o dissolved in 5% NaCo3, groups 2 – 4 were pretreated 
with Croton zambesicus extract (27, 54 and 81 mg/kg p.o. 
respectively. Group 5 received cimetidine (100mg/kg 
dissolved in 5% Tween 80), while group 6 received 
cimetidine (100mg/kg p.o.), 10 minutes later, extract (54 
mg/kg p.o) was given. One hour later, groups 2- 6 were 
administered with indomethacin. The drugs were 
administered intragastrically via the aid of an orogastric 
cannula. Four hours after indomethacin administration, 
animals were killed by cervical dislocation. The stomachs 
were removed and opened along the greater curvature. 
The tissues were fixed with 10% formaldehyde in saline. 
Macroscopic examination was carried out with a hand 
lens and the presence of ulcer lesion was scored (Nwafor 
et al., 1996). Ulcer index (UI), Preventive ratio (PR) and 
degree of ulceration (DU) of each of the groups pretreated 
with the extract were calculated using standard methods 
(Zaidi and Mukerji, 1958; Nwafor et al., 2000). 
 
Ulcer Scoring System criteria 
0.0  Normal 
0.5  Punctuate or pinpoint haemorrhagic ulcer. 
1.0  Two or more small haemorrhagic ulcer less than 

3mm in diameter. 
2.0  Ulcers greater than 3mm in diameter. 
3.0  Several Ulcers. 

Ethanol induced gastric ulceration 
The procedure used was similar to that used in 
indomethacin induced ulceration. The rats were randomly 
assigned to six groups of six animals each. Food was 
withdrawn 24h and water 2h before the commencement of 
the experiment. Group I (control) received only ethanol 
(2.5 ml/kg p.o.), Groups 2-4 were pretreated with Croton 
zambesicus root extract (27, 54 and 81mg/kg p.o. 
respectively). Group 5 received propranolol (40 mg/kg 
p.o dissolved in distilled water), while group 6 received 
propranolol, Ten minutes later, extract (54 mg/kg p.o.) 
was given. One hour later, groups 2 – 6 were administered 
with ethanol. The drugs were administered intragastrically 
via the aid of an orogastric cannula. Four hours after 
indomethacin administration, animals were killed by 
cervical dislocation. The stomachs were removed and 
opened along the greater curvature. The tissues were fixed 
with 10% formaldehyde in saline. Macroscopic 
examination was carried out with a hand lens and the 
presence of ulcer lesion was scored using standard 
methods (Nwafor et al., 2000).  
 
Ulcer scores Scoring System criteria 
5  Multiple ulcers along the entire length of the gastric 

fold. 
4  Lesions which followed approximately 80% of the 

fold. 
3  Ulcer 1 – 4mm in length of 80% of the fold. 
2  At least 2 ulcer of approximately 2mm in length. 
1  The presence of 1 ulcer and generalized erythema. 
0  No visible. 
 
 

Table 1:  Effect of Croton zambesicus on indomethacin induced ulceration in rats 
 

Treatment/route of admin Dose (mg/kg) Ulcer index Preventive ratio 
Control (indomethacin) 60 14.91 ± 4.01 - 
Croton zambesicus (p.o) 27 10.41 ± 2.99a 30.18 
 54 8.58 ± 0.67b 42.45 
 81 4.50 ± 1.73b 69.82 
Cimetidine  100 2.66 ± 0.47b 82.15 
Cimetidine + C. zambesicus  100 + 54.0 1.00 ± 0.70b 93.29 

 
Data are represented as mean ± SEM .significant at aP < 0.05, bP< 0.001when compared to control (n=6).  
 
Table 2:  Effect of Croton zambesicus root extract on ethanol induced ulceration in rats 
 

Treatment/route of admin Dose (mg/kg) Ulcer index Preventive ratio 
Control (ethanol) - 5.00 ± 1.00 - 
Croton zambesicus (p.o) 27 4.00 ± 0.81 20.0 
 54 2.00 ± 1.00a 60.0 
 82 1.83 ± 0.68a 63.4 
Propranolol 40 2.00 ± 1.00a 60.0 
propranolol + C. zambesicus  40 + 54.0 0.50 ± 0.50a 90.0 

 

Data are represented as mean ± SEM .significant at aP < 0.001 when compared to control (n=6).  
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Effect of the extract on Reserpine-induced gastric 
ulceration in rats 
Adult albino male rats (120-170 g) were used for the 
experiment. They were randomized into six groups of six 
rats each. Food was withdrawn 24 hours and water 2 h 
before the commencement of experiment (Alphin and 
Ward, 1967). Group 1 (control) received only reserpine 
(Sigma, 8 mg/kg, i.p dissolved in 10% Tween 80); Groups 
2-4 were pretreated with Croton zambesicus root extract 
(27, 54 and 81 mg/kg p.o. respectively); Group 5 received 
cimetidine (100 mg/kg p.o. dissolved in 10% Tween 80), 
1 hour prior to reserpine administration, while Group 6 
were pretreated with cimetidine (100 mg/kg.p.o), 10 
minutes later, extract (54 mg/kg.p.o) was given. One hour 
later, groups 2-6 were were administered with reserpine, 8 
mg/kg i.p. dissolved in 10% Tween 80 (Maity et al., 
1995). 18 hours animals were killed by cervical 
dislocation. The stomachs were removed and opened 

along the greater curvature. The tissues were fixed with 
10% formaldehyde in saline. Macroscopic examination 
was carried out with a hand lens and the presence of ulcer 
lesion was scored (Nwafor et al., 1996). Ulcer index (UI), 
preventive ratio (PR) and degree of ulceration (DU) of 
each of the groups pretreated with extract were calculated 
using standard methods (Zaidi and Mukerji, 1958; Nwafor 
et al., 2000) as shown above.  
 
Anticonvulsant activity 
Anticonvulsant effect of the extract was assessed using a 
modified method of Vellucci and Webster (1984) on 
overnight fasted mice. The mice were divided into six 
groups of six animals each and treated with 27, 54 and 
82mg/kg of the extract, phenytoin, 40mg/kg, phenytoin + 
extract (40 + 54mg/kg) one hour before induction of 
convulsion. Seizure was induced in each set of mice with 
PTZ (70mg/kg i.p.) and picrotoxin (4mg/kg). Control 

 Table 3:  Effect of Croton zambesicus on reserpine- induced ulceration in rats 
 

Treatment/route of admin Dose (mg/kg) Ulcer index Preventive ratio 
Control (reserpine) 8 mg/kg i.p 16.08 ± 0.78 - 

27 11.0 ± 0.57a 31.59 
54 7.0 ± 0.46a 56.46 

Croton zambesicus (p.o) 

81 5.16 ± 0.86a 67.91 
Cimetidine  100 2.41 ± 0.30a 85.01 
Cimetidine + C. zambesicus  100 + 54.0 1.08 ±0.23a 93.23 

 

Data are represented as mean ± SEM. Significant at ap< 0.001. when compared to control (n=6). 
 
Table 4: Anticonvulsant activity Croton zambesicus root extract on Picrotoxin-induced convulsion  
 

Drug Extract Dose 
(mg/kg) 

Latency of clonic 
convulsion (s) 

Latency of Tonic 
convulsion (s) 

Convulsion 
% 

Mortality 
% 

Control (normal saline) 0.2ml 3.20 ± 0.26 6.95 ± 0.19 100 100 
C. zambesicus root extract 27 5.34 ± 1.08b 9.54 ± 2.61 100 100 
 54 7.98 ± 0.25,b 13.99 ± 2.96b 100 100 
 81 8.76 ± 1.67 b 13.58 ± 1.69 b 100 100 
Phenytoin 40 7.40 ± 1.47 a 12.92 ± 1.67 b 100 100 
Phenytoin (40mg) 
+ C.zambesicus (54) 

40 + 
54 

4.71 ± 0.88a  7.73 ± 0.39 100 100 

Data are represented as mean ± SEM. Significant at aP < 0.01, bP<0.001 when compared to control. (n=6) 
 
Table 5: Anticonvulsant activity of Croton zambesicus root extract on PTZ-induced convulsion 
 

Drug Extract Dose 
(mg/kg) 

Latency of clonic 
convulsion (s) 

Latency of tonic 
convulsion (s) 

Convulsion 
% 

Mortality 
% 

Control (normal saline) 0.2ml 1.35 ± 0.08 4.77 ± 0.48 100 100 
C. zambesicus root extract 27 4.94 ± 0.48a 6.97 ± 0.73 a 100 100 
 54 6.09 ± 0.30a 11.70 ± 0.92a 100 100 
 81 6.73 ± 0.41a 11.73 ± 0.73a 100 100 
Phenytoin 40 3.18 ± 0.27a 7.28± 0.68 a 100 100 
Phenytoin + C.zambesicus  40 + 54 3.42 ± 0.33a 6.83 ± 2.49 100 100 

 

Data are represented as mean ± SEM. Significant at aP < 0.01 when compared to control (n=6).  
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group received normal saline. The onset of Clonic/tonic 
convulsion and the mortality rate was recorded and 
compared with the respective control group. The ability of 
the plant extract to prevent or delay the onset of the hind 
limb extension exhibited by the animals was taken as an 
indication of anticonvulsant activity (Vellucci and 
Webster, 1984; Amabeoku and Chikuni, 1993). 
 
RESULTS 
 
Antiulcer activity 
Indomethacin-induced ulcer 
The results of antiulcer activity of the root extract on 
indomethacin- induced ulceration in rats is shown in table 
1. There was a progressive decline in ulcer index of the 
rats pretreated with the extract. The decline was dose-
dependent and significant (P<0.05-0.001) compared to 
control. However, the reduction of ulcer index caused by 
the the standard drug, cimetidine (100mg/kg) was higher 
than that of the extract. 
 
Ethanol-induced ulcer 
Table 2 shows the results of antiulcer activity of the root 
extract against ethanol- induced ulceration in rats. 
Pretreatment of rats with the root extract result in a dose- 
dependent decrease in the ulcer index. The decrease in 
ulcer index of the extract treated groups was significant 
(P<0.001) compared to control and higher than that 
caused by the standard drug, propranolol (40mg/kg). 
 
Effect of the root extract of C. zambesicus on 
Reserpine- induced ulcer in rats  
The results of the effect of extract pretreatment on 
reserpine- induced gastric ulceration in rats is as shown in 
table 3. The extract significantly (P<0.001) reduced the 
ulcer indices relative to control in a dose-dependent 
manner. The extract demonstrated a progressive increase 
in preventive ratio of ulcer induced by reserpine. 
However, the decrease was lower than that of the standard 
drug, cimetidine (100mg/kg). 
  
Anticonvulsant activity 
Pentylene tetrazole-induced convulsion 
The results of the effect of ethanolic root extract of C. 
zambesicus on pentylene tetrazole (PTZ)-induced 
convulsion in mice is shown on table 4. The root extract 
significantly (P<0.01-0.001) delayed the onset of clonic 
and tonic convulsion caused by PTZ when compared to 
control. The delay caused by the extract was higher than 
that of the standard, phenytoin(40mg/kg). However, the 
extract could not prevent convulsion and mortality due to 
PTZ-induced seizure. Phenytoin also could not protect the 
animals. 
 
Picrotoxin-induced convulsion 
The results of the effect of ethanolic root extract of C. 
zambesicus on picrotoxin-induced convulsion in mice is 

shown on table 5. The root extract exerted significant 
(P<0.01) delay in the onset of clonic and tonic convulsion 
caused by picrotoxin when compared to control. The 
activity of the extract was comparable to that of the 
standard, phenytoin (40mg/kg). The extract as well as 
phenytoin could not prevent convulsion due to picrotoxin 
in the mice.  
 
DISCUSSION 
 
Antiulcer activity 
The antiulcer activity of the root extract was evaluated 
using indomethacin, ethanol, reserpine-induced ulcer 
models. Indomethacin is known to cause ulcer especially 
in an empty stomach (Bhargava et al., 1973) and mostly 
on the glandular (mucosal) part of the stomach 
(Evbuonwa and Bolarinwa, 1990; Nwafor et al., 1996) by 
inhibiting prostaglandin synthetase through the 
cycloxygenase pathway (Rainsford, 1987). Prostaglandins 
function to protect the stomach from injury by stimulating 
the secretion of bicarbonate and mucus, maintaining 
mucosal blood flow and regulating mucosal turn over and 
repair (Hayllar and Bjarnason, 1995; Hiruma-Lima et al., 
2006). Suppression of prostaglandins synthesis by 
indomethacin results in increase susceptibility of the 
stomach to mucosal injury and gastroduodenal ulceration. 
The extract was observed to significantly reduce mucosal 
damage in the indomethacin–induced ulcer model, 
suggesting the possible extract mobilization and 
involvement of prostaglandin in the anti ulcer effect of the 
extract. Administration of ethanol has been reported to 
cause disturbances in gastric secretion, damage to the 
mucosa, alterations in the permeability, gastric mucus 
depletion and free radical production (Salim, 1990). This 
is attributed to the release of superoxide anion and 
hydroperoxy free radicals during metabolism of ethanol 
as oxygen derived free radicals has been found to be 
involved in the mechanism of acute and chronic 
ulceration in the gastric mucosa (Pihan et al.,1987). It was 
observed in this study that the extract significantly 
reduced ethanol-induced ulcer. This may be due to 
cytoprotective effect of the extract via antioxidant effects. 
Ethanol is also reported to cause gastric mucosal damage 
by stimulating the formation of leukotriene C4 (LTC4) 
(Whittle et al., 1985). The gastroprotective effect of the 
extract may in part be due to the suppression, by the 
extract of lipoxygenase activity (Nwafor et al., 1996).  
 
The mechanism at which reserpine produces ulceration is 
not completely understood. Some mechanisms have been 
suggested to be responsible for this action. Reserpine-
induced gastric ulceration has been attributed to vagotonic 
hypermotility and degranulation of gastric mast cells with 
consequent increased in gastric acid secretion which is 
believed to be cholinergically mediated (Cho et al., 1985; 
Kagoshima and Suguro, 1982). Besides, mobilization of 
super oxide and hydroxyl radicals (oxygen-derived free 
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radicals) as described for ethanol above (Salim, 1989; 
1990), inhibition of mucus release and stimulation of 
surface mucus breakdown via β-adrenoceptor stimulation 
(Yusuf et al., 2008) have also been attributed to the 
ulcerative potentials of reserpine. Accordingly, the 
antiulcer activity of the extract against reserpine-induced 
ulceration could in part be due to its inhibition of 
histamine, anticholinergic and antisecretory effects. It 
may have also resulted from the extract’s ability to inhibit 
oxygen-derived free radicals formation in rat gastric 
mucosa and stimulate endogenous prostaglandin synthesis 
as earlier suggested. Saponins, especially triterpenes type 
have been implicated in antiulcer activity mediated by 
formation of protective mucus on the gastric mucosa and 
also protect the mucosa from acid effects by selectively 
inhibiting PGF2α (Agwu and Okunji, 1986; Lewis and 
Hanson, 1991). However, the root extract has been 
reported above to contain sesquiterpenes (Boyom et al., 
2002). Several sesquiterpene lactones have been reported 
as the anti-ulcerogenic constituents of folk remedies; e.g 
dihydroleucodine, a guaianolide, from Artemisia 
douglasiiang (Giordano et al., 1990), parthenolide, a 
germacranolide from Tainacetum parthenium (Tournier et 
al.,1999), and 13-acetyl soltitialin A and soltitialin A 
from Centaurea solstitialis (Gurbuz and Yesilada, 2007). 
α, β-unsaturated carbonyl and α-methylene-χ-lactone 
moieties are suggested as specific requirements for anti-
ulcerogenic activity in sesquiterpene lactones (Giordano 
et al., 1992). These moieties would serve as the Michael 
acceptors to induce a Michael addition reaction between 
the sulfhydryl containing peptides of the mucosa. 
According to Begley et al. (1989), the α-methylene-χ-
butyrolactone moiety was shown to possess chemical 
reactivity toward biological nucleophiles, e.g thiol and 
amines. The antiulcerogenic activity of this root extract 
may in part be due to the sesquiterpenes present in the 
extract. Moreso, since gastric damage induced by non-
steroidal antiinflammatory drugs (indomethacin) is due to 
a decrease in endogenous prostaglandin synthesis and an 
increase in acid secretion (Robert et al., 1979). 
Sesquiterpene lactones bearing Michael acceptors offer 
cytoprotection also through stimulation of the endogenous 
synthesis of prostaglandins (Giordano et al., 1992). This 
has been suggested by Maria et al. (1995), to be due to 
increased biosynthesis of glutathione which in turn leads 
to increased biosynthesis of PGE2. The antiulcerogenic 
activity observed in this study with the root extract may in 
part be exerted through the above mechanism.  
 
Anticonvulsant activity 
Results of this study shows that the extract significantly 
delayed the onset of clonic/tonic convulsion produced by 
PTZ and picrotoxin. This was observed also for phenytoin 
the standard drug used.According to De Sarro et al. 
(1999), PTZ may be exerting its anticonvulsant effect by 
inhibiting the activity of gamma aminobutyric acid 
(GABA) at GABAA receptors. Gamma aminobutyric acid 

is the major inhibitory neurotransmitter which is 
implicated in epilepsy. The enhancement and inhibition of 
the neurotransmission of GABA will attenuate and 
enhance convulsion respectively (Gale, 1992; Westmore-
land et al., 1994). Phenobarbitone and diazepam, standard 
epileptic drugs, have been shown to exert their 
antiepileptic effects by enhancing GABA-mediated 
inhibition in the brain(Porter and Meldrum,2001; Rang et 
al., 2003). These drugs are reported to antagonise PTZ-
induced convulsion (Amabeoku et al., 2007) by 
enhancing GABA neurotransmission. Phenytoin was 
unable to prevent PTZ-induced seizure because it is 
thought to exert its antiepileptic effect by blocking 
sodium ions into brain cells thus inhibiting generation of 
repitative action potential (Porter and Meldrum, 2001). 
Since the root extract was able to delay PTZ-induced 
convulsion it is probable that it may be interfering with 
gabaergic mechanism(s) to exert its effect. The leaf 
extract of C. zambesicus has been reported to increased 
significantly the onset of PTZ-induced convulsion and 
maximum electroshock seizure test and at some doses 
offered protection against the experimental seizure 
models (Ayanniyi, 2008). These report collaborate the 
findings of this investigation although a far more higher 
dose was used for the leaf extract. 
 
According to Rang et al. (2003), picrotoxin exerts its 
convulsant effect by blocking the GABAA receptor-linked 
chloride ion channel which normally opens to allow 
increased chloride ion conductance into brain cells 
following the activation of GABAA receptor by GABA. 
The root extract of C. zambesicus delayed picrotoxin-
induced convulsion by enhancing GABA neurotrans-
mission. 
 
From the results above, the root extract has a significant 
antiulcer activity as well as a considerable anticonvulsant 
activity. It will be interesting to isolate and characterised 
the active ingredient in this extract. 
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