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1. Introduction

  Inflammation is defined as the reactive state of hyperemia 
and exudation from blood vessels with consequent redness, 
heat, swelling and pain which a tissue manifests in response 
to physical and chemical injury or bacterial invasion[1]. 
Inflammation may also be defined as a defense reaction of 
vascularised tissues to injury. The causes of inflammation 
are numerous and include living microorganisms such as 
pathogenic bacteria (pneumonia, skin infection), animal 
parasites, physical agents (trauma, thermal and radiant 
energy), chemical agents comprising exogenous causes 
(toxins, caustic substances) and endogenous causes including 

immunological reactions, such as arthritis[2,3]. Each of these 
precipitating factors causes a particular response but each 
usually leads to the formation of the five clinical symptoms 
of inflammation including redness (rubor), swelling (tumor), 
heat (calor), pain (dolor) and sometimes loss of function[4]. 
Acute inflammation develops rapidly, usually short lasting, 
and is a reversible process[5-9] while chronic inflammation 
may begin with relatively rapid onset or show insidious and 
even in unnoticed manner and tends to persist for several 
weeks, months or years and is generally irreversible[4, 10,11].
  The overall therapeutic goals in the treatment of 
inflammation are: the relief of pain which is often the 
presenting symptom and the major continuing complaint of 
the patient and the slowing or, in theory, arrest of the tissue 
damaging process[6]. 
  The cure characteristics and physicomechanical 
properties of natural rubber vulcanizates filled with fibres 
of Sansevieria liberica (S. liberica) and carbon black has 
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been reported[12], its amino-acid, mineral and vitamin 
composition as well as antidiarrhoeal effect have also 
been reported[13,14]. Due to the numerous ethnomedicinal 
applications and uses of the leaves of S. liberica Ger. and 
Labr., it is deemed necessary to ascertain the scientific basis 
for the ethnomedicinal applications and uses of its’ leaf 
extracts in inflammation, determine the safety of the plant 
and identify the phytochemical constituents responsible for 
its effect.

2. Materials and methods

  All the chemicals used for the extraction and fractionation, 
phytochemical screening, toxicity test and anti-
inflammatory analysis were of analytical grades, and used as 
procured from their sources.

2.1. Chemicals and drugs

  Methanol (BDH, Merck, Germany), n-hexane (BDH, Merck, 
Germany), chloroform (BDH, Merck, Germany), ethylacetate 
(BDH, Merck, Germany), tween 80 (Janssen, Belgium), 
diclofenac sodium (Hovid).

2.2. Collection and identification of plant material

  Fresh leaves of S. liberica Ger and Labr. were collected in 
August, 2009 from Peoples’ Flowering Garden in Nsukka, 
Nsukka Local Government Area, Enugu State, Nigeria and 
identified by Mr. A. O. Ozioko of the International Center 
for Ethnomedicine and Drug Development (Inter-CEDD), 
Nsukka, Enugu-State, Nigeria.

2.3. Experimental animals

  Adult Swiss albino rats (100-300 g) and mice (24-36 g), of 
either sex were obtained from the animal house, Department 
of Zoology, University of Nigeria, Nsukka. They were housed 
in stainless steel cages (rats) and plastic cages (mice) under 
uniform laboratory conditions. They had free access to 
standard diet and drinking water and were acclimatized 
in the laboratory for one week before the start of the 
experiment. 

2.4. Preparation of plant material

  The juice from the fresh leave was expressed manually, 
sieved and stored in containers which was later lyophilized 
(at NIPRD, Abuja) to powder and stored in air - tight 
containers in the refrigerator for subsequent use. These 
samples were brought out and allowed to assume room 
temperature prior to use for analysis.

2.5. Extraction and fractionation

  Sixty six grammes of the crude extract (CE) was adsorbed 
on silica gel and eluted in succession with n-hexane, 
chloroform, ethylacetate and methanol to yield, n-hexane 

(HF), chloroform (CF), ethylacetate (EF), and methanol (MF) 
fractions. The fractions HF, CF, EF and MF were screened for 
anti- inflammatory activity.

2.6. Phytochemical screening

  Chemical tests were carried out on the CE and on 
the fractions using standard procedures[15, 16] and by 
characteristic colour changes as described by other 
authors[17,18].

2.7. Acute toxicity test

  The acute toxicity profile of the extract was assessed using 
standard procedures[19].

2.8. Test for anti-inflammatory property

  The effect of the extract/fractions on acute inflammation 
was evaluated by rat paw edema test according to Ratheesh 
et al, 1962[20]. Increase in the right hind paw volume induced 
by the subplanter injection of fresh egg albumin was used as 
a measure of acute inflammation[21].

2.9. Egg albumin-induced pedal edema in rats

  Adult Swiss albino rats (100-300 g) of both sexes were 
divided into groups of 5 animals. Each subgroup (n=5) 
received either of two dose levels 200 or 400 mg/kg of the CE 
and the fractions in 3% v/v Tween 80, administered orally. 
Control animals received either diclofenac sodium (5 mg/kg) 
or equivalent volume of distilled water.
  Thirty minutes later, inflammation was induced by 
injection of 0.1 mL of undiluted fresh egg albumin into the 
subplanter of the right hind paw of rats. The volume of the 
paw was measured by water displacement before and at 
1, 2, 3, 4 and 5 hours after egg albumin injection. Edema 
formation was assessed in terms of the differences in the 
zero time paw volume of the injected paw and its volume 
at different times after egg albumin injection. For each 
dose of extract/fractions, the edema of different groups 
was calculated by subtracting from the paw volume at zero 
hour, the average of the edema of the group at each hour 
was obtained, and then the percent inhibition of edema was 
calculated using the following formula:

Inhibition of edema (%) =
V0-V1

V0
伊100

 
Where Vo = Average edema of negative control 
            Vt = Average edema of group test.

2.10. Statistical analysis

  Results obtained were analyzed using one - way analysis 
of variance (ANOVA). Differences between means were 
accepted as significant at P< 0.05. Results were presented as 
mean依SEM.
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3. Results 

  The expression process yielded 240 g of the CE, and 
fractionation process yielded 0.16 g (0.24% w/w) of n 
hexane fraction, 1.10 g (1.7% w/w) of chloroform fraction, 
0.70 g (1.06% w/w) of ethylacetate fraction and 10.52 g
(16.0% w/w) of methanol fraction. Phytochemical 
Screening showed that the CE tested positive for fats and 
oils, flavonoids, saponins, proteins, steroids, terpenoids, 
tannins, reducing sugars, carbohydrates, acidic compounds, 
alkaloids and glycosides; the MF gave positive reactions for 
resins, fats and oils, flavonoids, saponins, proteins, steroids, 
terpenoids, tannins, reducing sugars, carbohydrates, acidic 
compounds, alkaloids and glycosides; the EF tested positive 
for resins, fats and oils, flavonoids, steroids, and terpenoids. 
The CF tested positive for resins, fats and oils, flavonoids, 
steroids and terpenoids, while the HF gave positive reactions 
for resins, fats and oils, steroids and terpenoids (Table 1).
 Acute toxicity and lethality tests indicated no death in the 
two phases of the tests and the LD50 was thus established to 
be > 5 000 mg/kg. 
  The crude extract and the fractions significantly (P<0.05) 

suppressed paw edema to varying degrees. The CE and 
the fractions showed significant dose dependent inhibition 
of paw edema (Figure 1-5). The CE and HF (400 mg/kg) 
produced inhibition comparable to that of diclofenac 
sodium (5 mg/kg) (Figure 1 and 2). The potency/activity of 
the crude extract and the fractions increased in the order: 
HF>CE>MF>CF>EF (Table 2).  

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Ed
em

a 
vo

lu
m

e 
(m

L)

0                1                2                3                4                5                6 
Time (h)

CE100
CE200
CE400
DCFN5
Vehicle

Figure 1. Variation of edema volume with time for the CE.

Table 1
Results of phytochemical analysis. 

Phytochemical constituents Relative abundance
CE MF EF CF HF

Resins + + ++ +++ +++
Fats and Oils + + + ++ +++
Flavonoids ++ + +++ + -
Saponins +++ +++ - - -
Proteins +++ +++ - - -
Steroids + + ++ ++ +++
Terpenoids + + ++ ++ +++
Tannins +++ +++ - - -
Reducing sugars ++ ++ - - -
Carbohydrates +++ +++ - - -
Acidic compounds +++ +++ - - -
Alkaloids ++ ++ - - -
Glycosides ++ +++ - - -
- =   Not present; 
+ =  Present;
++ = Present in moderately high concentration;
+++ =  Present in very high concentration.
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Figure 2. Variation of edema volume with time for the HF.
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Figure 3. Variation of edema volume with time for the CF.
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Figure 4. Variation of edema volume with time for the EF.
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Figure 5. Variation of edema volume with time for the MF.

4. Discussion

  The CE and the fractions showed a progressive but 
significant suppression of acute inflammation induced by 
egg album in the rat paw and the anti- inflammatory activity 
obtained for the CE and the fractions has justified the 
traditional uses of the plant in treating inflammations[22-24].
The toxicological study established the LD50 of the CE to 
be > 5 000 mg/kg and this implies that the leaves of S. 

liberica are safe, hence possibilities are remote for acute 
intoxication of the leaves in humans. Like the phlogistic 
agent induced edema, egg albumin-induced edema is 
probably mediated by histamine, serotonin, kinins, poly-
morphonuclear leukocytes, prostanoids, nitric oxide, 
neuropeptide and cytokines[25-29]. The results also suggest 
that the leaf extract and the fractions of S. liberica may 
be effective in suppressing acute inflammation. The HF 
consistently produced the highest inhibition of inflammation 
in the model used. This suggests that the anti-inflammatory 
constituents of this plant may reside mainly in this fraction.
  Phytochemical analysis of the CE and the fractions 
revealed the presence of biologically active constituents 
such as alkaloids, carbohydrates, flavonoids, steroids, 
saponins, terpenoids, tannins etc. The anti- inflammatory 
activities of most plant extracts can be traced to these 
bioactive constituents. For instance, various compounds 
belonging to the terpenoid, and flavonoid groups are 
known to be biologically active[30-36]. The presence of 
these phytochemical constituents has been reported for the 
aqueous root extract of S. liberica[14]. The phytochemical 
constituents found in the leaves of the studied plant are 
known to possess anti-inflammatory effects. The steroids, 
terpenoids, alkaloids and flavonoids have been shown to 
possess anti-inflammatory activity in the adjuvant induced 
arthritis model[37,38]. Hence, the steroids, terpenoids, 
alkaloids and flavonoids present in the leaves may possess 
anti-inflammatory effect and contribute to the anti-
inflammatory activity of the leaves. Further purification on 
these bioactive constituents may result in the development 
of potent anti-inflammatory agent with low toxicity and 
better therapeutic index.
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Table  2 
Percentage inhibition of acute inflammation of rat paw.

Extract Dose (mg/kg)  Inhibition (%) 
1 h 2 h 3 h 4 h 5 h

CE 100   4.26   6.98 10.81 27.27 35.00
200 14.89 27.91 24.32 66.67 70.00
400 36.17 41.86 43.24 78.79 95.00

HF 200 40.43 55.81 56.76 69.70 70.00
400 59.57 62.79 75.68 90.91 95.00

CF 200 10.64 23.26 32.43 30.30 25.00
400 12.77 32.56 40.54 42.42 40.00

EF 200 -8.51          -34.88          -54.05          -60.61          -85.00
400 10.64          -23.26          -16.22          -15.15          -75.00

MF 200 31.92 34.88 37.84 51.52 55.00
400 38.30 44.19 51.35 57.58 70.00

Diclofenac     5 48.94 53.49 56.76 90.91 95.00
Percent inhibition (%) was calculated relative to the negative control. 
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