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ABSTRACT 
 

The ability of an aqueous extract of the rhizomes of Sansevieria liberica to protect against 
carbon tetrachloride induced liver injury was investigated in Wistar albino rats. The carbon 
tetrachloride was prepared 1:5 (v:v) in olive oil, and administered subcutaneously at 1 mL/kg 
body weight. The extract was administered to both normal and carbon tetrachloride treated 
rats at 100, 200 and 300 mg/kg. On gas chromatographic analysis of the extract,  twenty nine 
known flavonoids were detected, consisting mainly of 31.94 % apigenin, 20.66 % quercetin, 
11.28 % kaempferol, 5.99 % naringenin, 5.83 % (-)-epicatechin, 3.69 % biochanin, 3.58 % 
(+)-catechin, 2.72 % diadzein, 2.20 % ellagic acid, 2.04 % butein. Compared to test control, 
the treatment dose dependently produced significantly (P<0.05) lower alkaline phosphatase, 
aspartate transaminase and alanine transaminase activities. The plasma total bilirubin and total 
protein levels of the test animals were lower though not significantly. The hepatic histo-
pathological studies showed that carbon tetrachloride caused fatty degeneration of hepato-
cytes, which was inhibited by pre-treatment with the extract; thus, confirming the results of 
the biochemical studies. The results of this study indicated that treatment with the plant ex-
tracts protects the liver against carbon tetrachloride induced hepatotoxicity. This supports the 
use of Sansevieria liberica in traditional health care for managing liver problems. 
 
Keywords: apigenin, carbon tetrachloride, flavonoids, hepatospecific markers, histopathol-
ogy, Sansevieria liberica Gérôme and Labroy 
 
 

INTRODUCTION 
Liver dysfunction as a result of infec-

tion, toxic chemicals, certain drugs and en-
vironmental pollutants has been largely in-
creased in the last few decades (Atta et al., 
2006). Herbs play a major role in the man-
agement of various liver disorders. San-
sevieria liberica is one of such plants used 
in African traditional health care for the 
treatment of liver disorders. 

Sansevieria liberica (Family Agavaceae 
or Ruscaceae or Dracaenaceae), is one of 
the bowstring hemp species (Evans, 2005), 
with concave, short petioled leaves that are 
in part transversely banded with light and 
dark green, or may be linearly striated with 
whitish to light green and dark green stria-
tions (Reed, 1978). The leaves are very rich 
in fibers (Ikewuchi et al., 2010a; Osabohien 
and Egboh, 2008), protein (Ikewuchi et al., 
2010a), potassium, calcium, magnesium, 
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vitamin C, biotin, and riboflavin (Ikewuchi 
and Ikewuchi, 2009). This plant has long 
rhizomes with long fibrous roots and a 
rapid rate of growth, and produces red or 
orange berry fruits. It is a rather stout herb 
with several stiff red-margined leaves about 
2 feet high arising from the creeping plant, 
50-80 cm long inflorescence longer than 
leaves with abundant white flowers. They 
are grown as ornamental plants (United 
States Department of Agriculture, 2008), 
and are widely distributed throughout the 
tropics. In Nigeria, the leaves and roots of 
Sansevieria liberica are used in traditional 
medicine for the treatment of abdominal 
pain, asthma, colic, diarrhea, eczema, gon-
orrhea, hemorrhoid, hypertension, monor-
rhagia, piles, sexual weakness, wounds, and 
alleviating the effect snake bite (Adeyemi 
et al., 2009; Amida et al., 2007; Gill, 1992; 
Osabohien and Egboh, 2008; Osabohien, 
2009). The roots are used for the treatment 
of convulsion, epilepsy, paralysis, malnutri-
tion, pulmonary troubles, vermifuges, 
cough and debility. The anti-anaemic (Ike-
wuchi et al., 2010b) and sedative and anti-
convulsant (Adeyemi et al., 2007) activities 
of the leaves and roots have been reported. 
In this study, the ability of an aqueous ex-
tract of the rhizomes of Sansevieria 
liberica, to protect against carbon tetrachlo-
ride induced liver damage was investigated 
in Wistar albino rats. 

 
MATERIALS AND METHODS 

Preparation of plant extract  
Samples of fresh Sansevieria liberica 

plants (Figure 1) were procured from horti-
culturists by Air Force Gate, Aba Road, and 
at the University of Port Harcourt’s Abuja 
campus, and from behind the Ofrima com-
plex of University of Port Harcourt, all in 
Port Harcourt, Nigeria. After due identifica-
tion at the University of Port Harcourt Her-
barium, Port Harcourt, the identity was con-
firmed/authenticated by Dr. Michael C. 
Dike of Taxonomy Unit, Department of 
Forestry and Environmental Management, 
Michael Okpara University of Agriculture, 
Umudike, Abia State, Nigeria; and Mr. 

John Ibe, the Herbarium Manager of the 
Forestry Department, National Root Crops 
Research Institute (NRCRI), Umuahia, Ni-
geria. The rhizomes were removed, rid of 
dirt, oven dried at 55 °C and ground into 
powder. The resultant powder was soaked 
in hot distilled water for 12 h, after which 
the resultant mixture was filtered and the 
filtrate (herein referred to as the aqueous 
extract) was stored in the refrigerator for 
subsequent use. A known volume of this 
extract was evaporated to dryness, and the 
weight of the residue was used to determine 
the concentration of the filtrate, which was 
in turn used to determine the dose of ad-
ministration of the extract. The percentage 
recovery of the crude extract was 29 %. The 
resultant residue from the aqueous extract 
was used for the phytochemical study, in 
order to determine its flavonoid composi-
tion.  

 

 

Figure 1: Sansevieria liberica Gérôme and La-
broy 

Determination of the flavonoid content 
of the leaf extract 
Calibration, identification and quantifica-
tion 

Standard solutions were prepared in 
methanol. The linearity of the dependence 
of response on concentration was verified 
by regression analysis. Identification was 
based on comparison of retention times and 
spectral data with standards. Quantification 
was performed by establishing calibration 
curves for each compound determined, us-
ing the standards. The chromatogram of the 
extract is shown in Figure 2. 
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Figure 2: Chromatogram of the flavonoid composition of an aqueous extract of the rhizomes of  
Sansevieria liberica 

 

Determination of flavonoid composition  
The extraction was carried out accord-

ing to the method of Millogo-Kone et al. 
(2009). The residue from the aqueous ex-
tract above was extracted with methanol 
and the resultant extract was subjected to 
gas chromatographic analysis. Chroma-
tographic analyses were carried out on an 
HP 6890 (Hewlett Packard, Wilmington, 
DE, USA), GC apparatus, fitted with a 
flame ionization detector (FID), and pow-
ered with HP Chemstation Rev. A 09.01 
[1206] software, to quantify and identify 
compounds. The column was a capillary HP 
INNOWax Column (30 m × 0.25 mm × 
0.25 µm film thickness). The inlet and de-
tection temperatures were 250 and 320 °C. 
Split injection was adopted with a split ratio 
of 20:1. Nitrogen was used as the carrier 
gas. The hydrogen and compressed air pres-
sures were 22 psi and 35 psi. The oven was 
programmed as follows: initial temperature 
at 50 °C, first ramping at 8 °C/min for 
20 min, maintained for 4 min, followed by a 
second ramping at 12 °C/min for 4 min, 
maintained for 4 min. 

 
Experimental design for the hepatoprotec-
tive study 

Male Wistar albino rats (190-210 g) 
were collected from the animal house of the 
Department of Physiology, University of 
Nigeria, Enugu Campus. Studies were con-

ducted in compliance with applicable laws 
and regulations for handling experimental 
animals. The rats were weighed and sorted 
into eight groups (Table 1) of five animals 
each, so that their average weights were ap-
proximately equal.  

 
Table 1: Experimental design for the hepato-
protective screening 

S/N ID Treatment 
1 Normal  

control  
Olive oil (1 mL/kg) and 
Normal saline and water

2 Test  
control 

Carbon tetrachloride  
(1 mL/kg) and water 

3 Treatment  
control I (LRC1) 

Olive oil (1 mL/kg) and 
extract (100 mg/kg) 

4 Treatment con-
trol II (LRC2) 

Olive oil (1 mL/kg) and 
extract (200 mg/kg) 

5 Treatment con-
trol III (LRC3) 

Olive oil (1 mL/kg) and 
extract (300 mg/kg) 

6 Treatment I 
(LR1) 

Carbon tetrachloride  
(1 mL/kg) and extract 
(100 mg/kg) 

7 Treatment II 
(LR2)  

Carbon tetrachloride  
(1 mL/kg) and extract 
(200 mg/kg) 

8 Treatment III 
(LR3) 

Carbon tetrachloride  
(1 mL/kg) and extract 
(300 mg/kg) 

 
The animals were housed in plastic 

cages in the animal house of the Depart-
ment of Biochemistry, University of Port 
Harcourt. After a one-week acclimatization 
period on guinea growers mash (Port Har-
court Flour Mills, Port Harcourt, Nigeria), 
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the treatment commenced. The extracts 
were administered orally on daily basis for 
eight days. The dosages of administration 
of the extract was adopted and modified 
from Adeyemi et al. (2007) and Ikewuchi et 
al. (2010b). The carbon tetrachloride was 
prepared 1:5 (v:v) in olive oil, and adminis-
tered subcutaneously at 1 mL/kg body 
weight of carbon tetrachloride, on days 4 
and 8. The dosage and method of admini-
stration of carbon tetrachloride was adapted 
from Obi and Uneh (2003), with modifica-
tion. Twenty four hours after the last ad-
ministration of carbon tetrachloride, the rats 
were weighed and anaesthetized by expo-
sure to chloroform. While under anesthesia, 
they were painlessly sacrificed and blood 
was collected from each rat into heparin 
sample bottles, after which the livers were 
collected and preserved in 10 % formalin, 
for histological studies. The heparin anti-
coagulated blood samples were centrifuged 
at 1000 g for 10 min, after which their 
plasma was collected and stored for subse-
quent analysis. 

 
Determination of plasma hepatospecific 
markers 

The plasma activities of alanine trans-
aminase, aspartate transaminase, and alka-
line phosphatase, were determined using 
Randox test kits (Randox Laboratories Ltd., 
Crumlin, England, UK). The activities of 
alanine and aspartate transaminases were 
respectively measured by monitoring at 
546 nm the concentrations of pyruvate and 
oxaloacetate hydrazones formed with 2,4-
dinitrophenylhydrazine. The activity of al-
kaline phosphatase was determined by 
monitoring the degradation of p-nitro-
phenylphosphate to p-nitrophenol, at 
405 nm. 

Plasma total bilirubin and protein con-
centrations were determined using Randox 
test kits (Randox Laboratories Ltd., Crum-
lin, England, UK). The wavelength for the 
determination of total bilirubin was 578 nm, 
while that of total protein was 560 nm. 

 
Determination of percentage protection 
( % protection) 

The percentage protection provided by 
the extract against carbon tetrachloride in-
duced liver damage was calculated using 
the formula below (Eqn 1) adapted from 
Al-Qarawi et al. (2004). 

 
Histopathological study  

The histopathology study was carried 
out by Professor S.O. Nwosu, of the De-
partment of Anatomical Pathology, Univer-
sity of Port Harcourt Teaching Hospital. 
Small pieces of liver tissues were collected 
in 10 % formalin for proper fixation. These 
tissues were processed and embedded in 
paraffin wax. Sections of 5-6 µm in thick-
ness were cut, mounted on slide and stained 
with hematoxylin and eosin. The sections 
were then examined via light microscopy 
(Opticphot-2; Nikon, Tokyo, Japan) at 100× 
magnification. 

 
Statistical analysis of data 

All values are reported as the mean ± 
s.e.m. (standard error in the mean). The val-
ues of the various parameters were analyzed 
for statistical significant differences be-
tween the groups, using the Student’s t-test, 
with the help of SPSS Statistics 17.0 pack-
age (SPSS Inc., Chicago Ill). P<0.05 was 
assumed to be significant. Graphs were 
drawn using Microsoft Office Excel, 2010 
software. 
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RESULTS AND DISCUSSION 
Table 2 shows the flavonoid composi-

tion of an aqueous extract of the rhizomes 
of Sansevieria liberica. Twenty nine known 
flavonoids were detected, consisting mainly 
of 31.94 % apigenin, 20.66 % quercetin, 
11.28 % kaempferol, 5.99 % naringenin, 
5.83 % (-)-epicatechin, 3.69 % biochanin, 
3.58 % (+)-catechin, 2.72 % diadzein, 
2.20 % ellagic acid, 2.04 % butein, 1.85 % 
robinetin, 1.39 % baicalein, 1.32 % (-)-epi-
gallocatechin, 1.10 % genistein and 1.04 % 
(+)-gallocatechin. Most of these compounds 
are bioactive, with antineoplasmic and anti-
carcinogenic properties (Dillard and Ger-
man, 2000; Evans, 2005). 

Figures 3-4 show the effects of an 
aqueous extract of the rhizomes of San-
sevieria liberica on plasma markers of liver 
function. The carbon tetrachloride treatment 
produced significantly higher (P<0.05) 
plasma alkaline phosphatase, alanine and 
aspartate transaminases activities, and total 
bilirubin and total protein levels. Plasma 
alkaline phosphatase, alanine and aspartate 
transaminases activities, and total bilirubin 
level of treated animals were significantly 
lower (P<0.05) than test control. The plas-
ma total protein concentrations of the 

treated animals (except LR2) were signifi-
cantly lower (P<0.05) than test control. 
 

Table 2: Composition of flavonoid fraction of an 
aqueous extract of the rhizomes of Sansevieria 
liberica 

 

Compounds Retention 
time (min) 

Composition 
(mg/kg) 

(+)-Catechin 13.741 548.722 
(+)-Gallocatechin 15.033 159.606 
Genistein 15.619 168.342 
Diadzein 16.040 416.645 
Apigenin 16.247 4895.782 
Butein 16.673 312.909 
Naringenin 16.785 918.626 
Biochanin 17.094 565.454 
Luteolin 17.363 117.051 
Kaempferol 18.495 1729.383 
(-)-Epicatechin 19.522 893.058 
(-)-Epigallo-
catechin 

20.471 201.668 

Quercetin 21.439 3166.743 
(-)-Epicatechin-3-
gallate 

22.604 15.147 

(-)-Epigallocate-
chin-3-gallate 

23.117 93.878 

Isorhamnetin 34.098 36.090 
Robinetin 24.187 282.869 
Ellagic acid 24.611 337.707 
Myricetin 24.791 103.970 
Baicalein 25.695 212.795 
Nobiletin 26.293 96.082 
Baicalin 26.950 42.729 
Silymarin 27.801 12.947 
Total   15328.137 

 

 

Figure 3: Effects of an aqueous extract of the rhizomes of Sansevieria liberica on the activities of 
plasma hepatospecific marker enzymes in normal and carbon tetrachloride treated rats. Values are 
mean ± S.D., n=5, per group. a,b,cValues in the same group with different superscripts are significantly 
different at P<0.05.  
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Figure 4: Effects of an aqueous 
extract of the rhizomes of San-
sevieria liberica on the concen-
trations of plasma hepatospeci-
fic marker molecules in normal 
and carbon tetrachloride treated 
rats. Values are mean ± S.D., 
n=5, per group. a,b,cValues in the 
same column with different su-
perscripts are significantly dif-
ferent at P<0.05. 

 

The hepatoprotective activity of an 
aqueous extract of the rhizomes of San-
sevieria liberica on carbon tetrachloride-
induced hepatotoxicity in Wistar rats is 
shown in Figure 5. The protection seemed 
to be dose dependent. The frequency distri-
bution of the effects of an aqueous extract 
of the rhizomes of Sansevieria liberica on 
the liver histology of normal and carbon 
tetrachloride treated rats is presented in 
Figure 6. Sections of the liver samples are 
shown in Figure 7. Histopathological stud-

ies of liver sections, showed that carbon 
tetrachloride caused fatty degeneration, ne-
crosis and ballooning degeneration of hepa-
tocytes; while pre-treatment with aqueous 
extract of the rhizomes of Sansevieria 
liberica exhibited protection, which con-
firmed the results of the biochemical stud-
ies. The results of our study indicated that 
treatment with the plant extract protects the 
liver against carbon tetrachloride-induced 
hepatotoxicity.

 
 

 

Figure 5: Hepatoprotective activity of an aqueous extract of the rhizomes of Sansevieria liberica on 
carbon tetrachloride-induced hepatotoxicity in Wistar rats 
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Figure 6: Frequency distribution of the effects of an aqueous extract of the rhizomes of Sansevieria 
liberica on the histology of normal and carbon tetrachloride treated rats 

 

 
 

Figure 7: Sections (x20) of the liver samples of showing effect of an aqueous extract of the rhizomes 
of Sansevieria liberica on the liver histology of normal and carbon tetrachloride treated rats. A: Section 
of the liver of rats administered olive oil (1 mL/kg) and treated with water, showing normal cells. B: 
Section of the liver tissue of rats administered carbon tetrachloride (1 mL/kg) and treated with water, 
showing fatty change. C: Section of the liver of rats administered olive oil (1 mL/kg) and treated with 
100 mg/kg extract, showing normal cells. D: Section of the liver of rats administered olive oil (1 mL/kg) 
and treated with 200 mg/kg extract, showing normal cells. E: Section of the liver of rats administered 
olive oil (1 mL/kg) and treated with 300 mg/kg extract, showing normal cells. F: Section of the liver of 
rats administered carbon tetrachloride (1 mL/kg) and treated with 100 mg/kg extract, showing normal 
cells. G: Section of the liver of rats administered carbon tetrachloride (1 mL/kg) and treated with 
200 mg/kg extract, showing normal cells. H: Section of the liver of rats administered carbon tetrachlo-
ride (1 mL/kg) and treated with 300 mg/kg extract, showing focal areas of fatty change. 

 

From Figures 3 and 4 it is evident that 
the extract was able to reduce all the ele-
vated biochemical parameters due to the 
hepatotoxin intoxication. The extract 
showed very significant hepatoprotection 
against carbon tetrachloride-induced hepa-
totoxicity in the rats, by reducing plasma 

total bilirubin and protein, plasma alkaline 
phosphatase, alanine and aspartate transa-
minases levels. The reduction towards the 
normal value, of the levels of these plasma 
indices of liver integrity/function is an indi-
cation of the ability of the extract to protect 
normal structural/functional integrity of the 
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poisoned liver, and also to protect against 
subsequent carbon tetrachloride hepatotox-
icity, enabling regeneration process. A fact 
that was confirmed by histopathological 
studies on liver sections: that revealed that 
the treated animals had normal hepatic 
cells. This hepatoprotective activity may 
have been produced via any of the follow-
ing mechanisms. 

Reduced metabolic activation of carbon 
tetrachloride by cytochrome P450 depresses 
the initial formation of trichloromethyl free 
radical, resulting in the diminished initia-
tion of lipid peroxidation (Middleton et al., 
2000), and the consequent toxicity of car-
bon tetrachloride. So, any hepatoprotective 
drug should be able to inhibit the aromatase 
activity of cytochrome P450, and thereby, 
favor liver regeneration. Therefore, it can 
be suggested that flavonoids in rhizomes of 
Sansevieria liberica (Table 2), could be re-
sponsible for its hepatoprotective ability. 
Flavonoids have been reported to inhibit 
lipid peroxidation by exerting a membrane-
stabilizing action (Middleton et al., 2000) or 
inhibiting cytochrome P450 aromatase 
(Kowalska et al., 1990; Middleton et al., 
2000). 

Many hepatoprotective flavonoids were 
detected in the aqueous extract of the rhi-
zomes of Sansevieria liberica. They include 
apigenin, quercetin, kaempferol, naringenin 
and silymarin. The hepatoprotective activi-
ties of apigenin (El Alfy et al., 2010; Zheng 
et al., 2005), quercetin (Chen, 2010; Lee et 
al., 2003; Mandal and Das, 2005; Mandal et 
al., 2007; Pavanato et al., 2003; Peres et al., 
2000), kaempferol (Oh et al., 2004; Song et 
al., 2003; Xiong et al., 2000), naringenin 
(Lee et al., 2004; Pari and Gnanasoundari, 
2006) and silymarin (Suja et al., 2004) have 
all been documented. 

Another component of Sansevieria 
liberica that may also have contributed to 
its hepatoprotective activity is vitamin C, a 
compound that has been reported to be 
abundant in Sansevieria liberica (Ikewuchi 
and Ikewuchi, 2009). In vivo studies have 
indicated that hepatic microsomal drug me-
tabolism decreases in ascorbic acid defi-

ciency and is augmented when high sup-
plements of the vitamin are given to guinea 
pigs (Burtis and Ashwood, 2001; Sato and 
Zannoni, 1976). Rikans et al. (1978) had 
also reported that liver cytochrome P450 is 
significantly reduced in ascorbic acid-
deficiency.  

 
CONCLUSION 

This study clearly demonstrates that 
aqueous extract of the rhizomes of San-
sevieria liberica is an effective agent in the 
treatment and prevention of carbon tetra-
chloride-induced hepatic cytotoxicity. The 
data suggest that the daily oral consumption 
of the extract was prophylactic to carbon 
tetrachloride poisoning. This confirms the 
use of Sansevieria liberica in traditional 
health care for the treatment of liver prob-
lems. 
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