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The anti-inflammatory and analgesic activities of extract of leaves of Vitex doniana Sweet 
(Verbenaceae) were investigated as well as the mechanisms of action. The extract significantly (P<0.05) 
inhibited the formation of paw edema induced by agar in rats and increased reaction latency to thermal 
pain in mice in a dose-dependent manner. The extract caused a significant (P<0.05) dose-dependent 
ulceration of the rat gastric mucosa and concentration-dependent inhibition of hypotonicity-induced 
haemolysis of red blood cells. Also, the extract significantly (P<0.05) inhibited the activities of 
phospholipase A2 and prostaglandin synthase in a concentration-related manner. These suggest that 
the leaves possess anti-inflammatory and analgesic activities mediated through sequential inhibition of 
the enzymes responsible for prostaglandin synthesis from arachidonic acid. Phytochemical analysis of 
the extract revealed the presence of glycosides, tannins, alkaloids, flavonoids and saponins. Acute 
toxicity studies established an oral LD50 greater than 3 000 mg/kg. 
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INTRODUCTION 
 
Medicinal plants with anti-inflammatory activity are 
considerably employed in the traditional treatment of 
several disorders of inflammation. The inflammatory 
response involves a complex array of enzyme activation, 
mediator release, fluid extravasations, cell migration, 
tissue breakdown and repair (Vane and Bolting, 1995) 
which are aimed at host defense and usually activated in 
most disease conditions. These different reactions in the 
inflammatory response cascade are therapeutic targets 
which anti-inflammatory agents including medicinal plants 
interfere with to suppress exacerbated inflammatory 
responses usually invoked in such disorders as rheuma-
toid arthritis, in infection or injury. Inhibition of the synthe-
sis of pro-inflammatory prostaglandins is one of such 
therapeutic targets to which some of the potent anti-
inflammatory  agents  of  clinical relevance (e.g. NSAIDs) 
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owe their activity (Flower and Vane, 1974; Viana et al., 
1997). Several anti-inflammatory medicinal plants have 
also demonstrated the ability to inhibit the synthesis of 
prostaglandins (Jager et al., 1996; McGaw et al., 1997).   

Vitex doniana (Verbanaceae) is a perennial shrub 
widely distributed in tropical West Africa, extending 
eastward to Uganda, Kenya and Tanzania in savanna 
and high rainfall areas (USDA,). It is commonly known as 
Mfuru, Mgwobe (Tanzania), Munyamazi, Muhomozi 
(Uganda) (USDA,), Dinya, Tinya, Tunci (Fulani) (Atawodi 
et al., 2003). In ethnomedicine, V. doniana is employed in 
the treatment of a variety of diseases. Hot aqueous 
extracts of the leaves are used in the treatment of 
stomach and rheumatic pains, inflammatory disorders, 
diarrhoea and dysentery (Irvine, 1961; Etta, 1984) 
indicating that the plant’s leaves may possess anti-
inflammatory and analgesic properties among others. 
The roots and leaves are used for nausea, colic and in 
epilepsy ((Bouquet et al., 1971; Iwu, 1993). In eastern 
parts  of Nigeria, the young leaves are used as vegetable 
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for sauces and porridge for meals.  

The anti-hypertensive effect of extract of the stem bark 
of V. doniana has been reported (Olusola et al., 1997). 
The extract exhibited a marked dose-related hypotensive 
effect in both normotensive and hypertensive rats 
(Olusola et al., 1997). Extracts of stem bark of V. doniana 
have also demonstrated some level of in vitro trypano-
cidal activity against Trypanosoma brucei brucei (Atawo-
di, 2005). The aqueous methanol extract has also exhibi-
ted anti-diarrhea activity (Agunu et al., 2005).  

The search for new anti-inflammatory agents from the 
vast array of medicinal plant sources is intensifying since 
they may hold promise for the discovery of therapeutic 
agents with beneficial effect not just in suppressing 
relevant aspects of the inflammatory cascade but also on 
diverse disease conditions where the inflammatory 
response is amplifying the disease process. This present 
study was carried out to assess the validity of the folkloric 
uses of this plant in the management of pain and 
treatment of inflammatory disorders and establish the 
possible mechanisms of pharmacological action. 
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
Fresh leaves of V. doniana were collected in December 2003, in 
Nsukka, Enugu State, Nigeria. The plant was identified and 
authenticated at the International Center for Ethnomedicine and 
Drug Development (InterCEDD), Nsukka, Nigeria, where a voucher 
specimen (BDCP/InterCEDD 207) was deposited. The fresh leaves 
were cleaned, dried and pulverized. About 200 g of the powdered 
leaves was boiled in distilled water for 2 h. The filtrate was 
partitioned with chloroform-methanol (2:1) to remove traces of fatty 
constituents from the hot water extraction. The methanol fraction 
(15.29%) was concentrated and subjected to phytochemical 
analysis using the general methods of Harbone (1973) and 
evaluated for biochemical and pharmacological activities.  
 
 
Animals and tissues 
 
Adult albino rats (150-200 g) and mice (15-35 g) of either sex were 
obtained from the Laboratory Animal Facility of the Faculty of 
Biological Sciences, University of Nigeria, Nsukka (UNN). The 
animals were acclimatized for about 7 days under standard 
environmental conditions and were maintained on a regular feed 
(Pfizer Plc, Lagos, Nigeria) and water ad libitum. Ox seminal 
vesicles (OSV) and ox blood were obtained from healthy animals 
slaughtered in the local abattoir in Nsukka. Strains of Bacillus 
pulmilus used for enzyme assay were obtained from the 
Department of Microbiology, UNN, Nigeria.  
 
 
Chemicals 
 
The chemicals used for this study included analytical grades of 
methanol, hydroquinone, ethylacetate, sucrose, ethylene diamine 
tetracetate (EDTA), hydrochloric acid, sulphuric acid (BDH 
chemicals Ltd. Poole England), sodium  chloride,  chloroform, tri-so- 

 
 
 
 
dium citrate, α-naphthol (May & Baker, England), glutathione, 
adenosine 51- diphosphate (ADP) and hemoglobin (Sigma, U.S.A). 
Other reagents and solvents were also of analytical grade.  
 
 
Acute toxicity and lethality (LD50) test 
 
The LD50 of the methanol extract was determined in albino mice 
using the method of Lorke (1983). The study was conducted in two 
stages. In stage one, 3 groups of 3 mice each were treated with 10, 
100 and 1000 mg/kg of the extract (p.o.) and observed for number 
of deaths in 24 h. Based on the percentage survival rates, 4 mice 
were treated with 1500, 2000, 2500 and 3000 mg/kg extract in the 
second stage and the number of deaths in 24 h recorded. The LD50 

was calculated as the geometric mean of the highest non-lethal and 
the lowest lethal doses.                
 
 
Anti-inflammatory activity test  
 
Anti-inflammatory activity was assessed in rats using a modification 
(Ezekwesili and Nwodo, 2000) of the method of Winter et al. (1962). 
Increase in paw volumes was used to assess inflammation. Four 
groups of rats (n = 5) were deprived of food but not water for 18 h 
and then received i.p .injections of the extract (0.5 and 1.0 mg/kg). 
Thirty minutes later, each animal received subplantar injection of 
agar (0.1 ml of 2% suspension) in its right hind paw.  Paw volume 
was measured by mercury displacement before and at 1.5 and 5.5 
h after agar injection. Control animals received either normal saline 
(5 ml/kg) or phenylbutazone (150 mg/kg).  
 
 
Analgesic activity test  
 
Analgesic activity was tested in rats using the hot plate method of 
Janssen and Jagneau (1957). Twenty five mice of either sex were 
grouped in five (n = 5 per group). Each group received one dose of 
the extract (50, 100, 150 mg/kg), normal saline (5 ml/kg) or 
acetylsalicylic acid (100 mg/kg). At 15 and 60 min after extract 
administration, animals were lowered onto the surface of a hot plate 
(50±2°C) enclosed with cylindrical glass and the time for the animal 
to raise or lick the fore limb was noted as the reaction time (RT). 
Cut off time in the absence of a response was 90 sec to prevent the 
animals from being burnt (Sharma et al., 1982). 
 
 
Gastric ulcerogenic activity test 
 
The ulcerogenic activity of the extract was investigated using the 
method of Cashin et al. (1979). Rats of either sex were fasted for 
18 h with access to water. At the end of the fasting period, the 
animals received the extract (250 or 500 mg/kg; n = 5) orally. 
Control animals received indomethacin (30 mg/kg) or normal saline 
(5 ml/kg). Eight hours after drug administration, animals were 
sacrificed and the stomachs opened along the greater curvature.  
The stomach mucosa was examined for ulcer lesions using a hand 
lens (x20 magnification). The length of lesions on the glandular 
portion were estimated and summed up to calculate the ulcer index 
using the method of Aonuma et al. (1980). 
 
 
Phospholipase A2 activity test  
 
The preparation of phospholipase A2 from B. pulmilus and assay of 
the effect of the extract on its activity were performed using the 
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Table 1. Effect of extract on agar-induced paw edema in rats. 
 

Edema (ml) Inhibition of edema (%)  
Extract 

 
Dose (mg/kg) 1.5 h 5.5 h 1.5 h 5.5 h 

Control - 0.48 ± 0.01 0.41 ±  0.01 - - 
500 0.20 ± 0.01* 0.07 ± 0.01* 58.3 82.9 Methanol extract 

1000 0.42 ± 0.01* 0.07 ± 0.01* 12.5 82.9 
Phenylbutazone 150 0.30 ± 0.01* 0.20 ± 0.01* 37.5 51.2 

 

* P < 0.05 compared to Control (ANOVA: LSD post hoc test); n = 5. 
 
 
 
method of Vane (1971). Aliquots (0.5 ml) of re-suspended 
erythrocytes were mixed with normal saline containing 2 mM 
calcium chloride and the enzyme preparation and incubated either 
in the absence or presence of the extract (0.37, 0.74, 1.10 mg/ml) 
at 37°C for 1 h. The incubated reaction mixture was centrifuged at 
3,000 g for 10 min and the absorption of the supernatant read 
against the blank at 418 nm. Prednisolone, a known inhibitor of the 
enzyme was used as control (Morimoto et al., 1979) 
 
 
Prostaglandin synthase activity test 
 
Prostaglandin synthase was isolated from ox-seminal vesicle using 
the method of Nugteren et al. (1966). The enzyme activity was 
assayed using a modification (Nwodo, 1981) of the methods of 
Yoshimoto et al. (1970) and Flower et al. (1973). The enzyme 
activity was monitored at 278 nm due to the formation of PGB from 
PGE2 by concentrated alkali treatment. The reaction mixture 
consisted of 1.5 ml cofactor solution (33 mM hydroquinone, 21 mM 
glutathione and 40 nm haemoglobin, 0.3 ml buffer, 8 mg of enzyme 
preparation) and 0.5 ml arachidonic acid as substrate. After 
incubating at 37°C for 2 min, the reaction was stopped by adding 
1.5 ml of 0.2 M citric acid, extracted twice with 5 ml ethylacetate 
and centrifuged at 2,500 g for 10 min. Each time 4 ml aliquots of the 
top organic layer were pipetted into a clean test tube. The 
combined ethylacetate extract was evaporated to dryness under a 
stream of nitrogen gas. The residue was dried overnight in vacuum 
and then dissolved in 2 ml methanol. A 0.5 ml 3 M KOH solution 
was added to the solution and allowed to stand for 15 min. The 
absorbance of tests against blank (the blank contained everything 
in the reaction mixture but a boiled (denatured) enzyme in place of 
the active enzyme at 37°C) was read at 278 nm on a Sp 500 (Pye 
Unicam) spectrophotometer. Triplicate determination was made 
with the assay mixture containing 0.5, 1 or 5 mg/ml of the extract. 
Indomethacin (4 mg/ml) was used as control. Enzyme activity was 
quantified using the method of Nwodo (1981). 
 
 
Membrane stabilization activity test  
 
The membrane stabilization effect of the extract was evaluated 
using hypotonicity-induced haemolysis of red blood cells. Briefly, 
citrated ox-blood samples were centrifuged at 3,000 g for 10 min. 
The pellets containing the red cells were re-suspended in volumes 
of saline equal to those of the plasma. An aliquot (0.5 ml) of the red 
cell suspension was added to 4 ml of water and incubated at 37°C 
for 1 h. After incubation, the mixture was centrifuged at 3,000 g for 
10 min and the absorption of the supernatant measured at 418 nm 
to assess the extent of lysis of the red cells. The incubation was 
repeated in the presence of the extract (0.02, 0.04, 0.06 mg/ml).  
Indomethacin (0.2, 0.4, 0.6 mg/ml) was used as the control 
(Ghandisan et al., 1991). 

Statistical analysis  
 
Data was analyzed using ANOVA, further  subjected to Fischer LSD 
post hoc test and expressed as Mean ± SEM. Differences between 
means were regarded significant at P<0.05.  
 
 
RESULTS 
 
Phytochemical tests 
 
Phytochemical tests on the extract gave positive 
reactions for glycosides, tannins, alkaloids, flavonoids 
and saponins. 
 
 
Acute toxicity  
 
The acute toxicity studies revealed an oral LD50 greater 
than 3 000 mg/kg. 
 
 
Effect on agar-induced paw edema formation  
 
The extract significantly (P<0.05) inhibited the formation 
of paw edema in rats. The magnitude of inhibition 
increased with time with the effect of the extract 
comparing well with that of phenylbutazone (Table 1). 
 
 
Effect on reaction latency to thermal induced pain in 
mice 
 
The extract caused a dose-dependent increase in 
reaction latency to thermal pain. At 15 min, the extract 
(50 mg/kg) significantly (P<0.05) evoked a longer 
reaction latency than aspirin and also significantly 
(P<0.05) prolonged the reaction latency at 60 min (Table 
2). 
 
 
Effect on gastric ulcerogenic activity   
 
The extract caused a significant (P<0.05) dose-
dependent ulceration of the rat gastric mucosa. The 
ulcerogenic effect of the higher dose was comparable to 
indomethacin (Table 3). 
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Table 2. Effect of extract on latency of pain reaction in mice. 
 

Reaction latency (T) (s) Extract Dose (mg/kg) 
15 min 60 min 

Control  6.3 ± 0.6 6.1 ± 0.25 
50 5.1 ± 0.18# 12.3 ± 1.45* 

100 7.0 ± 1.40 13.8 ± 1.83* 
Methanol extract 

150 8.0 ± 1.00 15.3 ± 0.58* 
Acetylsalicylic acid 100 8.3 ± 0.90 12.0 ± 0.60* 
 

#,*P<0.05 compared to acetylsalicylic acid and control respectively (ANOVA: LSD post hoc) n = 5. 
 
 
 

Table 3. Gastric ulcerogenic activity of extract. 
 

Extract Dose (mg/kg) Ulcer index  (mm) 
Control - 0 ± 0.00 

250 8 ± 1.15* Methanol extract 
500 14 ± 1.73* 

Indomethacin 30 15 ± 1.15* 
  

*P<0.05 compared to control (ANOVA; LSD post hoc) n = 5. 
Values of ulcer index shown are the Mean ± SEM. 

 
 
 

Table 4. Effect of extract on phospholipase A2 activity. 
 

Extract Concentration (mg/ml) Absorbance Inhibition of enzyme activity (%) 
Control - 1.33 ± 0.06 00.0 

0.37 0.64 ± 0.01* 51.88 
0.74 0.14 ± 0.00* 89.47 

Methanol extract   

1.10 0.02 ± 0.01* 98.49 
Prednisolone  1.00 0.11± 0.01* 99.13 

 

Values of absorbance shown are Mean ± SEM of triplicate determination. 
*P<0.05 compared to control (ANOVA: LSD post hoc).  

 
 
 
Effect on phospholipase A2 activity 
 
The extract significantly (P<0.05) inhibited phospholipase 
A2 activity in a concentration-related manner provoking 
inhibition comparable to that of prednisolone (Table 4). 
 
 
Effect on prostaglandin synthase activity 
 
The extract evoked a significant (P<0.05) concentration-
related inhibition of prostaglandin synthase activity (Table 
5).  
 
 
Effect on hypotonicity-induced haemolysis 
 
The extract significantly (P<0.05) inhibited hypotonicity-
induced haemolysis of red blood cells in a concentration-
dependent manner (Table 6).  

DISCUSSION 
 
Extract of leaves of V.  doniana has demonstrated anti-
inflammatory and analgesic activities by suppressing paw 
edema induced by agar in rats and prolonging reaction 
latency to thermally induced pain in mice. Agar causes 
inflammation of the rat paw similar to carrageenan and 
the extract inhibited the development of paw edema in 
the treated animals at 1.5 and 5.5 h post injection of 
irritant corresponding to the two phases of the inflamma-
tory response. The extract also prolonged the reaction 
latency to pain thermally-induced in mice by the hot plate. 
These suggest that the extract may possess both anti-
inflammatory and analgesic activities probably mediated 
through a common mechanism. Anti-inflammatory and 
analgesic activities are commonly possessed by the non-
steroidal anti-inflammatory drugs (NSAIDs). These NSA-
IDs exert anti-inflammatory effect principally by inhibiting 
the synthesis of prostaglandin (Vane, 1971) an eicosa-
noid  mediator  of the inflammatory response (Foegh and 
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Table 5. Effect of extract on prostaglandin synthase activity. 
 

Extract Concentration mg/ml) Absorbance Enzyme activity Inhibition of enzyme activity (%) 
Control  - 1.570 ± 0.040 7.15 0.00 

0.1 0.110 ± 0.005* 5.54 22.52 
0.5 0.055 ± 0.003* 3.07 57.06 
1.0 0.004 ± 0.001* 1.08 84.89 

Methanol extract                 
                             
                             
                             5.0 0.020 ± 0.006* 0.54 92.45 
Indomethacin       4.0 0.030 ± 0.003* 2.00 72.02 

 

Values of absorbance shown are Mean ± SEM of triplicate determination.  
*P<0.05 compared to the control (ANOVA; LSD post hoc).  Percent inhibition of enzyme activity was calculated relative to the control. 

 
 
 

Table 6. Effect of extract on hypotonicity-induced haemolysis. 
 

Extract Concentration (mg/ml) Absorbance Inhibition of haemolysis (%) 
Control     - 0.46 ± 0.02 0.00 

0.1 0.21 ± 0.01* 54.35 
0.2 0.20 ± 0.01* 56.52 

Methanol extract    

0.4 0.15 ± 0.00* 67.39 
0.2 0.15 ± 0.01* 67.39 
0.4 0.13 ± 0.01* 71.74 

Indomethacin 

0.6 0.16 ± 0.01* 65.22 
Distilled  Water  0.65 ± 0.28 - 
 

Values of absorbance shown are Mean ± SEM of triplicate determination.  
*P<0.001 compared to control (Normal saline) and distilled water (ANOVA; LSD post hoc). Percent inhibition of 
haemolysis was calculated relative to control. 

 
 
 
Ramwell, 2001). In addition to their involvement in the 
inflammatory response, prostaglandins cause pain 
(Roberts and Morrow, 2001) and sensitize the skin to 
painful stimuli (Dray, 1995) probably because they 
sensitize pain receptors to mechanical and chemical 
stimulation (Roberts and Morrow, 2001) such as the pain-
producing effect of mediators (e.g. histamine, kinins e.t.c) 
which are released in tissue injury and inflammation. 
Inhibition of prostaglandin synthesis may account for the 
analgesic activity of the leaf extract as it contributes in 
large part to the analgesic activity of the NSAIDs.  

The possible involvement of prostaglandin inhibition in 
the anti-inflammatory and analgesic activities of the 
extract prompted the evaluation of its irritant effect on the 
rat gastric mucosa. The extract caused overt ulceration of 
the rat gastric mucosa typical of classical inhibitors of 
prostaglandins which cause similar gastric lesions by 
depriving the gastric mucosa of cytoprotective prosta-
glandin (Oren and Ligumsky, 1994). This suggests that 
the extract may actually inhibit the synthesis of prosta-
glandins.  

Consistent with this finding is the inhibitory effect of the 
extract on prostaglandin synthase isolated from ox 
seminal vesicles and phospholipase A2 an acyl-hydro-
lase. These enzymes sequentially mediate the synthesis 
of prostaglandins. Prostaglandins are synthesized de 

novo by the action of prostaglandin synthase from the 
free fatty acid precursor, arachidonic acid which is relea-
sed or mobilized from membrane phospholipids by the 
action of phospsolipase A2 (Foegh and Ramwell, 2001). 
Phospholipase A2, cleaves free fatty acids from 
membrane phospholipids; in this case from erythrocyte 
phospholipids. The enzyme activity of phospholipase A2 
was assayed using its action on erythrocyte membrane 
on which it creates leakage thus causing hemoglobin to 
flow out into the medium. The enzyme activity is thus 
directly related to the amount of hemoglobin in the 
medium hence the increase in absorbance since 
hemoglobin absorbs maximally at 418 nm. Inhibition of 
phospholipase A2 suggests that the extract may suppress 
the synthesis of free fatty acids from membrane 
phospholipids and consequently deprive prostaglandin 
synthase of precursors or substrates for the production of 
prostaglandins. Anti-inflammatory and immunosuppres-
sive steroids inhibit arachidonic acid and its metabolites 
(prostaglandins) by induction of lipocortin which inhibits 
phospholipase A2 (Schimmer and Parker, 2001). The 
sequential inhibition of these two enzymes leads to 
potent suppression of prostaglandins synthesis and 
possible amplification of the anti-inflammatory activity of 
the extract. Thus the extract may exert anti-inflammatory 
effect by the sequential inhibition of these enzymes while  
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the analgesic effect may additionally derive from a 
possible interaction with central nociceptors. Pain 
induced by thermal stimulus of the hot plate is specific for 
centrally mediated nociception (Parkhouse and Pleuvry, 
1979) and the analgesic effect of the NSAIDs has also 
been attributed to effects at peripheral or central neurons 
(Gebhart and McCormack, 1994; Konttiene et al., 1994). 

The extract also exhibited membrane stabilization 
effect by inhibiting hypotonicity-induced lyses of erythro-
cyte membrane. The erythrocyte membrane is analogous 
to the lysosomal membrane (Gandhisan et al., 1991) and 
its stabilization implies that the extract may as well 
stabilize lysosomal membranes. Stabilization of lysoso-
mal membranes is important in limiting the inflammatory 
response by preventing the release of lysosomal consti-
tuents of activated neutrophil such as bactericidal enzy-
mes and proteases, which cause further tissue inflamma-
tion and damage upon extracellular release (Chou, 
1997). Some NSAIDs like indomethacin and acetylsalicy-
lic acid are known to possess membrane stabilization 
properties (Murugesh et al., 1981; Furst and Munster, 
2001) which may contribute to the potency of their anti-
inflammatory effect. Though the mechanism of the mem-
brane stabilization by the extract is not known yet, 
hypotonicity-induced haemolysis may arise from shrink-
age of the cells due to osmotic loss of intracellular 
electrolyte and fluid components. The extract may inhibit 
processes which stimulate or enhance the efflux of these 
intracellular components.  

The ulcerogenic potential of extract of leaves of this 
plant appears to contradict the use as food. However, the 
ulcerogenic effect may not be obtainable when the leaves 
are used as food given the small quantity used, the 
possible effect of chemical components of other condi-
ments and seasonings on the ulcerogenic constituents, 
and the presence of food items traditionally consumed 
with it. Although the gastric ulceration and hemorrhage 
associated with inhibitors of prostaglandin synthesis may 
impair the therapeutic usefulness of V. doniana leaf 
extracts, the discovery of the isoforms of the cyclooxyge-
nase enzyme (Witzgall et al., 1982) and different-
ces in the ulcerogenic capabil it ies of their speci-
f ic inhibitors imply the possibility of circumventing this 
side effect while retaining high potency of analgesic and 
anti-inflammatory effects. The result of acute toxicity test 
of the extract also suggests a remote risk of acute 
intoxication. This implied high degree of relative safety of 
the plant leaves is emphasized by the use as vegetable 
in eastern Nigeria and consumption by primates (Rogers 
et al., 1990; Nishihara, 1995; Cousins and Huffman, 
2002).  

Phytochemical analysis of the extract has revealed the 
presence of constituents known to be responsible for the 
anti-inflammatory and analgesic activities of some plants. 
The isolation of phytochemical constituents of V. doniana 
is yet to  be  documented.  The  plant  may  contain novel  

 
 
 
 
anti-inflammatory and analgesic phytochemical constitu-
ents with therapeutically exploitable mechanism of pros-
taglandin synthesis inhibition.  

In conclusion, the results of this study have shown that 
the leaves of V. doniana possess anti-inflammatory and 
analgesic properties mediated by prostaglandin synthesis 
inhibition. Membrane stabilization may contribute to the 
anti-inflammatory effect. The study also provides empiri-
cal evidence for the use of the leaves of V. doniana in 
folkloric treatment of inflammatory disorders and pain.  
 
 
ACKNOWLEDGEMENT  
 
The authors are grateful to Dr. C.U. Iroegbu of 
Department of Microbiology, University of Nigeria, 
Nsukka, for the generous gift of the Bacillus pulmillus 
strains used in this work.                                       
 
 
REFERENCES 
 
Agunu A., Yusuf S, Andrew GO, Zezi AU, Abdurahman EM (2005). 

Evaluation of five medicinal plants used in diarrhoea treatment in 
Nigeria. J .Ethnopharmacol. (Abstract) (Epub ahead of print) 

Atawodi SE (2005). Comparative in vitro trypanocidal activities of 
petroleum ether, chloroform, methanol, and aqueous extracts of 
some Nigerian savannah plants. Afr. J. Biotech. 4(2): 177-182. 

Atawodi SE, Bulus T, Ibrahim S, Ameh DA., Nok AJ, Mamman M, 
Galadima M (2003). In vitro trypanocidal effect of methanolic extract 
of some Nigerian savannah plants. Afr. J. Biotech. 2(9): 317-321. 

Bouquet A, Cave A., Paris R (1971). Plantes medicinales du Congo-
Brazzaville (III) plantes medicinales et phytotherapie. Tome. 5 
(2):154-158. 

Cashin CH, Darson W, Kitchen EA (1979). The Pharmacology of 
bernoxaprofen (2,4-chlorophenyl-methyl-5-benzoxazole acetic 
acid)LRC, L3694, a new compound with anti-inflammatory activity 
apparently unrelated to inhibition of PG synthetase. J. Pharm. 
Pharmacol. 29: 330-336. 

Chou CT (1997).  The anti-inflammatory effect of Tripterygium wilfordii 
Hook F on adjuvant-induced paw edema in rats and inflammatory 
mediators release.  Phytother. Res. 11:152-154 

Cousins D, Huffman MA. (2002). Medicinal properties in the diet of 
gorillas: an ethno-pharmacological evaluation. Afr. Stud. Monog. 
23(2): 65-89. 

Dray A (1995). Inflammatory mediators of pain. Br. J. Anaesth. 75: 125-
131. 

Etta EN (1984). Preliminary investigation into the anti-diarrhoeal activity 
of extracts of the leaves of Vitex doniana Sweet. B. Pharm. Thesis, 
Pharmacology, University of Nigeria, Nsukka, Nigeria. 

Ezekwesili C, Nwodo OFC (2000). Anti-inflammatory activity of Vignia 
ungiculata seed extract. J. Med. Lab. Scs. 9, 141 

Foegh ML, Ramwell PW (2001). The eicosanoids: prostaglandins, 
thromboxanes, leukotrienes, and related compounds. In: 
(B.G.Kartzung ed.). Basic and Clinical Pharmacology. 8th edition. 
Lange Medical Books/McGraw-Hill, New York. 311-325. 

Flower RJ, Cheung HS, Cushman DW (1973). Quantitative 
determination of prostglandin and malondialdehyde formed by the 
arachidonate oxygenase (prostaglandin synthetase) system of bovine 
serum vesicle. Prostaglandin. 4,325-341. 

Flower RJ, Vane J R (1974). Inhibition of prostaglandins synthesis. 
Biochem. Pharmacol. 23:1439-1450. 

Furst DE, Munster T (2001). Nonsteroidal anti-inflammatory drugs, 
disease-modifying antirheumatic drugs, nonopoid analgesics and 
drugs used in gout. In: (B.G.Kartzung ed.). Basic and Clinical 
Pharmacology  8th  edition. Lange  Medical  Books/McGraw-Hill,  New 



 

 

 
 
 
 
York. pp. 596-623. 
Gandhisan R, Thamaraichelvan A, Baburaj C (1991). Anti-inflammatory 

action of Lannea coromandelica HRBC membrane stabilization. 
Fitoterapia. 62 81-83. 

Gebhart GF, McCormack KJ (1994). Neuronal plasticity; implications for 
pain therapy. Drugs 47 (Suppl 5);1-47. 

Harbone JB (1973). Phytochemical methods: A guide to modern 
techniques of plant analysis.1st edition Chapman and Hall, London.  

Irvine FR (1961). Woody plants of Ghana. Oxford University press, 
London. p.761-762. 

Iwu MM (1993). Handbook of African medicinal plants. CRC Press, 
London. 

Jager AK, Hutchings A, van Staden J (1996). Screening of Zulu 
medicinal plants for prostaglandin synthesis inhibition. J. 
Ethnopharmacol.52: 95-100. 

Janssen PAJ, Jageneau AH (1957). A new series of potent analgesics: 
Dextro 2,2-diphenyl-3-methyl-H-morholino-butryprolidine and related 
amides. Part 1. Chemical structure and pharmacological activity. J. 
Pharm. Pharmacol. 9:38. 

Kontt iene, YT, Kemppinen P, Segerberg M, Hukkanen M, 
Rees R, Santavi rta S, Sorsa T, Pertovaara A, Polak JM 
(1994). Peripheral and spinal neural mechanisms in 
arthri t is with part icular reference to treatment of 
inf lammation and pain. Arthr i t is Rheum. 37:965-982. 

Lorke D (1983). A new approach to pract ical acute toxic i ty 
test ing. Arch. Toxicol .  54:275-287.  

McGaw LJ, Anna K Jager,  Johannes van Staden (1997).  
Prostaglandins synthesis inhibitory act ivi ty in Zulu, 
Xhosa and Sotho medicinal plants.Phytother.  Res . 
11:113-117. 

Morimoto S, Kazuna S, Kawai K (1979). Effects of some anti-rheumatic 
agents on copper-catalysed thermal aggregation of  gamma albulin. 
Agents Actions. 9: 375-380. 

Murugesh N, Vember S, Damondaran C (1981) Studies on erythrocyte 
membrane IV: in vitro haemolytic activity of oleander extract. Toxicol.  
Lett. 8: 33-38. 

Nishihara T F (1995). Feeding ecology of western lowland gorillas in the 
Nouabale-Ndoki National Park, Congo. Primates. 36(2): 151-168. 

Nugteren DH, Beerthius RK, Vandorp DA (1966) Enzymic conversion of 
all-8,11,14-eicosatrienoic acid into prostraglandin E. Rec. Trav. Chin. 
Pays-Bas. 85: 1757-1765. 

Nwodo OFC (1981). Elucidation of the nature of some 
pharmacologically active substances extractible from the seeds of 
Abrus precatorius. .A PhD thesis submitted to the Department of 
Biochemistry, University of London.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Iwueke et al.      1935 
 
 
 
Olusola L, Zebulon SC, Okoye FU (1997). Effects of Vitex doniana stem 

bark on blood pressure. Nig. J. Nat. Prod. Med. 1: 19-20. 
Oren R, Ligumsky M (1994). Indomethacin-induced colonic ulceration 

and bleeding. Ann. Pharmacother. 28: 883-885. 
Parkhouse J, Pleuvry BJ (1979). Analgesic drugs. Blackwell Co., 

Oxford. p. 1 
Roberts JL, Morrow JD (2001). Analgesic-antipyretic and anti-

inflammatory agents and drugs employed in the treatment of gout In: 
(eds A.G. Gilman, J.G Hardman, L.E Limbird) 10th Edn. Goodman 
and Gilman’s the pharmacological basis of therapeutics. McGraw Hill 
Co., New York, p. 687-731. 

Rogers ME, Maisels F, Williamson EA, Fernandez M, Tutin CE (1990). 
The diet of gorillas in the Lope Reserve, Gabon: a nutritional 
analysis. Oecologia. 84:326-339. 

Schimmer BP, Parker KL (2001). Adrenocorticotropic hormone; 
adrenocortical steroids and their synthetic analogs; inhibitors of the 
synthesis and actions of adrenocortical hormones In: (A.G. Gilman 
JG, Hardman LE, Limbird Eds) 10th Edn. Goodman and Gilman’s the 
pharmacological basis of therapeutics. McGraw Hill Co., New York, p. 
1649-1677. 

Sharma KK, Khanna T, Sen P (1982). Current status of centrally acting 
peptides. In: (Dhawan, BN, ed) Advances in Biosciences Vol 38, 
Oxford: Pergamon Press, p. 147. 

Vane JR (1971).Inhibition of prostaglandin synthesis as a mechanism of 
action for aspririn-like drugs. Nat. New Biol. 231: 232-235. 

Vane JR, Bolting RM (1995). New insights into the mode of action of 
anti-inflammatory drugs.  Inflamm. Res. 44(1):1-10. 

Viana GSB, Bandeira MAM, Moura LC, Souza-Fi lho MVP, 
Matos FJA, Ribeiro RA (1997). Analgesic and ant i -
inf lammatory effects of the tannin fract ion from 
Myracrodroun urundeuva Fr.  Al l .   Phytother.  Res .  11:118-
122. 

Winter CA, Risley EA, Nuss GW (1962). Carrageenin-induced oedema 
in hind limb paw of the rat as an assay for anti-inflammatory drugs. 
Proc. Soc. Exp. Biol. 111:544-557. 

Witzgall H, Scherer B, Weber PC (1982). Involvement of prostaglandins 
in the actions of captopril. Clin. Sci. 63:265S-267S. 

Yoshimoto A, Ito H, Tomita K (1970). cofactor requirements of the 
enzyme synthesizing prostaglandin in bovine serninal vesicles. J. 
Biochem. 68: 487-499. 

 
 


