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Introduction

The family Lamiaceae (mint family) is widely distrib-
uted in temperate regions, comprising about 3500 
species distributed among 200 genera, most of them 
being herbaceous, less often shrubs, and rarely trees 
(Feinbrun-Dothan, 1978). The mint family is of great 
economic importance; a source of aromatic oils such as 
lavender and rosemary, flavor producers such as men-
tha and thyme, cultivated as ornamentals such as salvia, 
ajuga and monarda and used for a number of medicinal 
purposes including relief of stomach aches, gas, and 
diarrhea. Mints also have antibacterial and antiviral 
activities. Lamiaceae is rich in flavonoids and have been 
reported to contain flavanones (Ulubelen & Brieskorn, 
1977), flavone-C-glycosides (Abdallah et al., 1983), fla-
vonoles and flavones (Wollenweber, 1974).

Many traditional uses have been recorded for Leonotis 
leonurus R. Br., leaves being smoked for the relief of epi-
lepsy, and commonly made into a medicinal tea favored 
for its hypnotic effect. An infusion and a decoction of the 
leaf and stem have been used internally for cough, cold, 
influenza, bronchitis, high blood pressure, headaches, 
diabetes, viral hepatitis, dysentery, and diarrhea and as 
an emetic for snakebites. A tincture of the flower has also 
been used for the same purpose. Externally, decoctions 
have been applied to treat boils, eczema, skin disease, 
itching, hemorrhoids, and muscular cramps (Gerstner, 
1941; Watt & Breyer-Brandwijk, 1962; van Wyk et  al., 
2000). Preliminary phytochemical screening of the plant 
revealed the presence of sterols, terpenes, tannins, fla-
vonoids, alkaloids and saponins.

In this work, the phytochemical investigation of 
Leonotis leonurus flavonoids from an aqueous alcoholic 
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Abstract
The present study aimed at isolation of the flavonoid constituents of Leonotis leonurus R. Br. (Lamiaceae) 
flowering aerial parts, identification of the isolated compounds, and evaluation of the hepatoprotective, 
anti-inflammatory and cytotoxic activities of the aqueous alcoholic and chloroform extracts. Isolation of 
the flavonoid constituents was performed using chromatographic techniques. Ten flavonoid compounds 
were isolated and identified as six flavone glycosides, two methylated flavones, and two flavone aglycons. 
The structures were established through chemical and spectral analysis. Paracetamol-induced hepatotox-
icity, carrageenan-induced hind rat paw edema and sulforhodamine B (SRB) assay were used in the evalu-
ation of hepatoprotective, anti-inflammatory and cytotoxic activities, respectively. The 70% methanol and 
chloroform extracts showed strong hepatoprotective and anti-inflammatory activity; no cytotoxic activity 
was observed at the chosen extract concentrations and they possess promising protective activity against 
paracetamol-induced hepatic damage and anti-inflammatory activity in rats. The flavonoids isolated from 
Leonotis leonurus in this study were found to be isolated for the first time from the genus Leonotis.
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extract of the flowering aerial parts of the plant is 
described. Also, the evaluation of the hepatoprotective, 
anti-inflammatory, and cytotoxic activities of the aque-
ous alcoholic and chloroform extracts of L. leonurus was 
carried out.

Materials and methods

Plant material

Flowering aerial parts of L. leonurus R. Br. was col-
lected on spring mornings from the garden of the 
National Research Center (NRC), Dokki, Egypt, in March 
2004. The plant was identified by S. Kawashty of the 
Department of Phytochemistry and Plant Systematics, 
National Research Center. A voucher specimen was 
deposited in the herbarium of the National Research 
Center (CAIRC).

Preparation of plant extracts

The ground-dried plant was separately extracted with 
70% methanol and chloroform by percolation until 
exhaustion, the extracts were filtered, and the solvents 
were evaporated under reduced pressure at low tem-
perature until dryness (Mabry et al., 1970).

Flavonoid isolation and purification

To yield the fractions of the methanolic extract, the 
extract was defatted with petroleum ether and applied 
to a polyamide column using water/methanol mixtures 
of decreasing polarities as eluent. Each fraction was 
subjected separately to preparative paper chromatog-
raphy (3 mm) using BAW, 15% acetic acid/water and 
water as eluents. The separated bands were scraped 
off and eluted with 70% methanol to get the pure 
compounds (1-10), which were further purified by 
rechromatography on a Sephadex LH-20 column using 
methanol.

Experimental animals

Male albino rats (Laboratory Animal Colonies, NRC, 
Cairo) weighing 150-200 g were used in this study. The 
animals were housed in groups of 6 in stainless steel 
community cages at 22° ± 2°C with a 12 h light/dark cycle 
and allowed to acclimatize for a period of 15 days prior 
to experimental use. Throughout the experiment the rats 
were allowed free access to feed (rats dietary pellets pre-
pared by Cairo Company of Oil & Soap) and water. The 
protocol of these experiments was approved according 
to the National Research Center guideline for dealing 
with experimental animals.

Acute toxicity test

Groups of 6 animals were used for each of the 70% metha-
nol and chloroform extract. One group was used as a con-
trol and given orally the respective volume of the vehicle 
(1% Tween 80 in distilled water). The tested extracts were 
suspended in the vehicle immediately before use and 
were orally administered to the groups, through increas-
ing doses from  100  to  5000 mg/100 g body weight (BW). 
All groups were kept under observation for 24 h after 
administration of the extracts to record the percentage of 
mortalities (Litchfield & Wilcoxon, 1949).

Paracetamol-induced hepatotoxicity

Twenty-four male rats were divided into four groups 
of six animals each; Group I was served as control and 
received vehicle for 8 days. Group II received vehicle 
for 7 days. Group III received 70% methanol extract 
( 200 mg/100 g BW/day) for 7 days. Group IV received 
chloroform extract ( 200 mg/100 g BW/day) for 7 days. 
Paracetamol was administered to the animals of Group 
II, III, and IV in a single dose of paracetamol (3 g/kg BW) 
on the eighth day. All animals received respective treat-
ment by forced oral administration (Jafri et  al., 1999). 
After 24 h of paracetamol administration, blood sam-
ples were withdrawn from ratino-bulber venous plexus 
with the help of a glass capillary under light anesthesia 
(Sanford, 1954), and were kept at room temperature 
for 2 h, to complete the coagulation process. The blood 
samples were centrifuged and the separated serum was 
assessed for liver functions and estimation of lipid per-
oxidation. After blood samples were taken, the animals 
were sacrificed and dissected. The livers were removed, 
washed with water, dried gently with filter paper, and 
preserved in 10% formalin to be ready for histopatho-
logical and histochemical examination.

Biochemical analysis

The activities of serum aspartate aminotransferase 
(AST) and serum alanine aminotransferase (ALT) 
were measured according to the colorimetric method 
described by Begmeyer et al. (1986). The estimation of 
serum alkaline phosphatase (ALP) and total bilirubin 
were carried according to the colorimetric methods 
of Tietz et al. (1983) and Tolmen and Rej (1999). Lipid 
peroxidation (LPO) was estimated by determination of 
malondialdehyde (MDA) according to the modification 
of the Yagi method (1992). The percentage protection 
by test extracts against hepatotoxin-induced changes 
was calculated by considering the difference in param-
eter levels between rats treated with hepatotoxin and 
control. A 100% protection indicates that there is com-
plete inhibition of the paracetamol-induced increase 
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in the level of the biochemical parameters, while a 0% 
protection indicates that there is no reduction in the 
paracetamol-induced elevation in the level of the bio-
chemical parameters.

Histopathological examination of the liver

The fixed liver samples were dehydrated by passing 
successively in different grades of ethyl alcohol (50%, 
80% and 95%, and finally in absolute alcohol), cleared 
in xylene and embedded in paraffin. Sections of 6 m 
thickness were prepared and stained with hematoxylin 
and eosin stain for microscopic observations (Drury & 
Wallington, 1980).

Histochemical examination of the liver

The demonstration of the liver total proteins was 
applied using mercury bromophenol blue method 
(Mazia et al., 1953).

Carrageenan-induced hind rat paw edema

Twenty-four male rats were divided into four groups 
of six animals each; Group I, control group, received 
vehicle. Group II, positive control, received voltarin 
(0. 7 mg/100 g BW per ora (p.o.)). Group III received 
70% methanol extract ( 500 mg/100 g BW p.o.). Group 
IV received chloroform extract ( 500 mg/100 g BW p.o.). 
After 30 min, 0.1 mL of 1% w/v carrageenan solution was 
injected subcutaneously into the plantar tissue of the 
right hind paw, while the left hind paw was injected with 
0.1 mL saline solution. After 3 h, all the animals were 
sacrificed, both the right and left hind paws were cut 
and their volume was measured by the use of mercury 
plethysmograph (Rouleau et  al., 1997). The percent-
age edema and percentage reduction were calculated 
according to the following equations:

% Edema
V Vi

Vf
1005

2
3

% Reduction  

% edema of control

% edema of test

% edema of 
5

2

ccontrol
1003

where Vi = the volume of the left hind paw, and Vf = the 
volume of the right hind paw.

SRB assay

The 70% methanol extract was tested for cytotoxic activity 
against six human tumor cell lines, brain tumor (U251), 
liver carcinoma (HEPG2), breast carcinoma (MCF7), 
lung carcinoma (H460), cervix carcinoma (HELA) and 

colon carcinoma (HCT116), supplied by the National 
Cancer Institute, Egypt. Cells were plated in 96-multiwell 
plates (104 cells/well) for 24 h before treatment with the 
extract to allow attachment of cells to the wall of the plate. 
Different concentrations of the extract under test (0, 1, 
2.5, 5 and 10 µg/mL) were added to the cell monolayer; 
triplicate wells were prepared for each individual dose. 
Monolayer cells were incubated with the extracts for 48 h 
at 37°C and in an atmosphere of 5% CO

2
. After 48 h, cells 

were fixed, washed, and stained with Sulforhodamine 
B stain (SRB). Excess stain was washed with acetic acid 
and attached stain was recovered with Tris EDTA buffer. 
Color intensity was measured in an ELISA reader. At the 
end IC

50
 (concentration which reduces survival to 50%) 

and IC
10

 (concentration which reduces survival to 10%) 
were calculated (Skehan et al., 1990).

Statistical analysis

The statistical analysis of all the biochemical analyses 
was carried out using SPSS 11.0 for Windows. The values 
were represented as mean ± standard error (SE). Paired 
t-test (Snedecor & Cochran, 1971) was used for reporting 
the P value and significance with respect to the control 
group and ANOVA for the comparison between more 
than two groups. Results with P < 0.05 were considered 
as statistically significant.

Results

Chemical characterization of isolated compounds

Ten flavonoid compounds were isolated and iden-
tified as one diglycoside flavone, apigenin 6-C--
arabinoside-8-C--glucoside (1); four monoglycoside 
flavones, apigenin 8-C--glucoside (2), apigenin 
7-O--glucoside (3), luteolin 7-O--glucoside (4), 
and luteolin 7-O--glucoside-3’-methyl ether (5); one 
acylated monoglycoside flavone, apigenin 7-O- (6’’-O-p-
coumaroyl)--glucoside (6); two methylated flavones, 
6-methoxyluteolin-4’-methyl ether (7) and luteolin 
3’-methyl ether (8); and two flavone aglycons, luteolin 
(9) and apigenin (10) (Mabry et  al., 1970; Markham, 
1982; Harborne & Mabry, 1982; Harborne, 1994). These 
compounds were isolated for the first time from Leonotis 
leonurus plant and even from the genus Leonotis.

The structures of the isolated compounds were estab-
lished by means of a UV-visible spectrophotometer 
(Shimadzu model UV-240 and 2401 PC), MS (Finnigan 
MAT SSQ 7000, 70 ev) and NMR spectrometer (Jeol ECA 
500), NRC, Egypt as follows.

Apigenin 6-C--arabinoside-8-C--glucoside (1):
yellow powder, PC R

f
 18 (BAW) and 40 (15% HOAc). UV 

max (MeOH): 273, 332; (NaOMe): 282, 332 sh, 399; 
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(AlCl
3
): 264, 280, 305, 348, 387; (AlCl

3
/HCl): 262, 280, 305, 

346, 385; (NaOAc): 282, 337; (NaOAc/H
3
BO

3
): 279, 348. 

1H-NMR (DMSO-d
6
, 500 MHz):  8.02 (2H, d, J = 8 Hz, 

H-2’,6’), 6.91 (2H, d, J = 8 Hz; H-3’,5’), 6.78 (1H, s, H-3), 4.78 
(d, J = 9.7 Hz, H-1’’’), 4.68 (d, J = 9.2 Hz, H-1’’). 13C-NMR 
(DMSO-d

6
, 125 MHz) :  182.6(C-4), 164.4(C-2), 161.7(C-7, 

4’), 158.8(C-5), 155.6(C-9), 129.5(C-2’,6’), 122(C-1’), 
116.3(C-3’,5’), 108.6(C-6), 105.6(C-8), 103.8(C-10), 
103(C-3), 82.4(C-5’’’), 79.4(C-3’’’), 74.7(C-1’’), 74.4(C-3’’), 
73.8(C-1’’’), 71.5(C-2’’’), 71(C-5’’), 70.6(C-4’’’), 70(C-2’’), 
69(C-4’’), 61.7(C-6’’’). HMBC spectrum showed correla-
tions between the anomeric proton of arabinose (H-1’’) 
at 

H
 4.68 with C-5, C-6 and C-7 at 

C
 158.8, 108.6 and 

161.7 respectively confirming that the arabinose moiety 
is attached to C-6 of apigenin. While the anomeric pro-
ton of glucose (H-1’’’) at 

H
 4.78 showed correlations with 

C-7, C-8 and C-9 at 
C
 161.7, 105.6 and 155.6 respectively 

confirming that the attachment of the glucose moiety 
to the aglycone is at C-8. The other correlations are in a 
good agreement with the proposed structure.

Apigenin 8-C--glucoside; vitexin (2):
yellow powder, PC R

f
 38 (BAW) and 20 (15% HOAc). UV 

max (MeOH): 269, 331; (NaOMe): 279, 327 sh, 392; 
(AlCl

3
): 276, 303, 346, 382; (AlCl

3
/HCl): 277, 303, 343, 

381; (NaOAc): 279, 389; (NaOAc/H
3
BO

3
): 270, 319, 345. 

1H-NMR (DMSO-d
6
, 500 MHz):  7.96(2H, d, J = 8.4 Hz; 

H-2’, 6’), 6.87(2H, d, J = 8.4 Hz; H-3’, 5’), 6.59(1H, s, H-3), 
5.97(1H, s, H-6), 4.71(1H, d, J = 9.2 Hz, H-1’’).

Apigenin 7-O--glucoside (3):
yellowish white powder, PC R

f
 50 (BAW) and 19 (15% 

HOAc). UV max (MeOH): 268, 330; (NaOMe): 271, 388; 
(AlCl

3
): 276, 299, 346, 382; (AlCl

3
/HCl): 277, 298, 342, 382; 

(NaOAc): 267, 337; (NaOAc/H
3
BO

3
): 267, 334. 1H-NMR 

(DMSO-d
6
, 500 MHz):  7.95(2H, d, J = 8.4 Hz; H-2’, H-6’), 

6.93(2H, d, J = 8.4 Hz; H-3’, H-5’), 6.8(2H, d; H-3, H-8), 
6.44(1H, d, J = 1.5 Hz; H-6), 5.07(1H, d, J = 6.9 Hz; H-1’’). 
13C-NMR (DMSO-d

6
, 125 MHz) :  182.4(C-4), 164.8(C-2), 

163.4(C-7), 162.3(C-5), 161.6(C-4’), 157.4(C-9), 
129.1(C-2’,6’), 121.2(C-1’), 116.6(C-3’,5’), 105.8(C-10), 
103.4(C-3), 100.4(C-1’’), 100(C-6), 95.3(C-8), 77.7(C-5’’), 
76.9(C-3’’), 73.6(C-2’’), 70.1(C-4’’), 61.1(C-6’’).

Luteolin 7-O--glucoside (4):
yellowish brown powder, PC R

f
 47 (BAW) and 9 (15% 

HOAc). UV max (MeOH): 255, 348; (NaOMe): 262, 402; 
(AlCl

3
): 272, 297sh, 328sh, 405; (AlCl

3
/HCl): 274, 295sh, 

358sh, 388; (NaOAc): 258, 406; (NaOAc/H
3
BO

3
): 258, 

371. 1H-NMR (DMSO-d
6
, 500 MHz):  7.4(2H, m; H-2’,6’), 

6.9(1H, d, J = 8.3 Hz; H-5’), 6.78 (1H, d, J = 1.3 Hz; H-8), 
6.74(1H, s; H-3), 6.44(1H, d, J = 1.3 Hz; H-6), 5.08(1H, 
d, J = 7.6 Hz; H-1’’). 13C-NMR (DMSO-d

6
, 67.5 MHz):  

 181.9(C-4), 164.4(C-2), 162.9(C-7), 161.1(C-5), 
156.9(C-9), 150(C-4’), 145.8(C-3’), 121.2(C-1’), 

119.1(C-6’), 115.9(C-5’), 113.5(C-2’), 105.3(C-10), 
103.1(C-3), 99.8(C-1’’), 99.5(C-6), 94.6(C-8), 77.1(C-3’’), 
76.3(C-5’’), 73(C-2’’), 69.5(C-4’’), 60.5(C-6’).

Luteolin 7-O--glucoside-3’-methyl ether (5):
yellow powder, PC R

f
 54 (BAW) and 10 (15% HOAc). UV 

max (MeOH): 253, 268, 345; (NaOMe): 262, 406; (AlCl
3
): 

263, 274, 294, 357, 386; (AlCl
3
/HCl): 262, 275, 294, 354, 

384; (NaOAc): 254, 407; (NaOAc/H
3
BO

3
): 269, 346. 1H-

NMR (DMSO-d
6
, 500 MHz):  7.53(1H, d, J = 8.4 Hz; H-6’), 

7.44(1H, d, J = 1.6 Hz; H-2’), 6.8(3H, m; H-3, H-8, H-5’), 
6.4(1H, d, J = 1.5 Hz; H-6), 5.04(1H, d, J = 7.6 Hz; H-1’’), 
3.84(3H, s; -OCH

3
). 13C-NMR (DMSO-d

6
, 125 MHz):  

182(C-4), 165.3(C-2), 163.2(C-7), 161.7(C-5), 157.3(C-9), 
149.5(C-3’,4’), 121.9(C-1’,6’), 116(C-5’), 110(C-2’), 
105.7(C-10), 102.1(C-3), 100.5(C-1’’), 99.8(C-6), 
95.2(C-8), 77.7(C-3’’), 77(C-5’’), 73.6(C-2’’), 70.1(C-4’’), 
61.1(C-6’’), 56.2(-OCH

3
).

Apigenin 7-O-(6’’-O-p-coumaroyl)--glucoside (6):
yellowish green powder, PC R

f
 65 (BAW) and 9 (15% 

HOAc). UV max (MeOH): 269, 317; (NaOMe): 269, 375; 
(AlCl

3
): 278, 300, 324, 382; (AlCl

3
/HCl): 279, 300, 324, 382; 

(NaOAc): 269, 317, 383; (NaOAc/H
3
BO

3
): 268, 319. 1H-

NMR (DMSO-d
6
, 500 MHz):  7.94(2H, d, J = 9.2 Hz; H-2’,6’), 

7.49(1H, d, J = 16 Hz; H-7’’’), 7.36(2H, d, J = 8.4 Hz; H-2’’’,6’’’), 
6.91(2H, d, J = 9.2 Hz; H-3’,5’), 6.82(1H, s, H-3), 6.8 (1H, d, 
J = 2.3 Hz; H-8), 6.65(2H, d, J = 8.4 Hz; H-3’’’,5’’’), 6.46(1H, 
d, J = 2.3 Hz; H-6), 6.3(1H, d, J = 16 Hz; H-8’’’), 5.16(1H, d, 
J = 6.9 Hz; H-1’’). 13C-NMR (DMSO-d

6
, 125 MHz):  182.4 

(C-4), 166.9(C-9’’’), 164.8(C-2), 163.2(C-7), 161.9(C-5), 
161.6(C-4’),160.3(C-4’’’), 157.4(C-9), 145.4(C-7’’’), 
130.6(C-2’’’,6’’’), 129(C-2’,6’), 125.4(C-1’’’), 121.4(C-1’), 
116.5(C-3’,5’), 116.1(C-3’’’, 5’’’), 114.2(C-8’’’), 105.8(C-10), 
103.5(C-3), 99.9 (C-6, 1’’), 95.2(C-8), 76.7(C-3’’), 74.3(C-5’’), 
73.4(C-2’’), 70.4(C-4’’), 63.9(C-6’’).

6-Methoxyluteolin-4’-methyl ether (7):
yellowish brown powder, PC R

f
 41(BAW) and 27(50% 

HOAc). EI-MS: m/z 330 (100%). UV max (MeOH): 284, 
339; (NaOMe): 269, 313, 370; (AlCl

3
): 258, 372; (AlCl

3
/

HCl): 257, 366; (NaOAc): 286, 334; (NaOAc/H
3
BO

3
): 

287, 334. 1H-NMR (DMSO-d
6
, 500 MHz):  7.52(1H, 

dd, J = 2.3, 8.6 Hz; H-6’), 7.45(1H, d, J = 2.3 Hz; H-2’), 
7.06(1H, d, J = 8.6 Hz; H-5’), 6.86(1H, s; H-3), 6.74(1H, s; 
H-8), 3.82(3H, s;-OCH

3
), 3.89(3H, s; -OCH

3
). 13C-NMR 

(DMSO-d
6
, 125 MHz):  182.6 (C-4), 164(C-2), 154.9(C-7), 

151.6(C-4’), 150.1(C-9), 147.3(C-5), 146.6(C-3’), 
130.4(C-6), 123.6(C-1’), 119.1(C-6’), 113.4(C-2’), 
112.5(C-5’), 105.5(C-10), 103.6(C-3), 91.6(C-8), 56.8 
(-OCH

3
), 56.2(-OCH

3
).

Luteolin 3’-methyl ether; chrysoeriol (8):
yellow powder, PC R

f
 76 (BAW) and 37 (50% HOAc). 

EI-MS: m/z 300 (100%). UV max (MeOH): 264, 295 sh., 
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341; (NaOMe): 266, 328 sh, 400; (AlCl3): 260, 275, 298, 
355, 384; (AlCl

3
/HCl): 260, 276, 297, 352, 385; (NaOAc): 

270, 314, 394; (NaOAc/H
3
BO

3
): 269, 343. 1H-NMR 

(DMSO-d
6
, 500 MHz):  7.52(1H, d, J = 8.4 Hz; H-6’), 

7.5 (1H, d, J = 1.5 Hz; H-2’), 6.9(1H, d, J = 8.4 Hz; H-5’), 
6.77(1H, s, H-3), 6.31 (1H, d, J = 1.5 Hz; H-8), 6.01 (1H, d, 
J = 1.5 Hz; H-6), 3.85 (3H, s; -OCH

3
).

Luteolin (9):
yellow powder, PC R

f
 69 (BAW) and 27 (50% HOAc). 

EI-MS: m/z 286 (100%). UV max (MeOH): 254, 264, 
346; (NaOMe): 260, 310sh, 395; (AlCl

3
): 272, 300, 327, 

418; (AlCl
3
/HCl): 276, 296, 358, 385; (NaOAc): 270, 

390, (NaOAc/H
3
BO

3
): 260, 370. 1H-NMR (DMSO-d

6
, 

500 MHz):  7.29(1H, d, J = 8.4 Hz; H-6’), 7.2(1H, d, 
J = 2 Hz; H-2’), 6.6(1H, d, J = 8.4 Hz; H-5’), 6.36(1H, 
s; H-3), 6.18(1H, d, J = 2 Hz; H-8), 5.93(1H, d,  
J = 2 Hz; H-6).

Apigenin (10):
yellowish white powder, PC R

f
 81(BAW) and 37(50% 

HOAc). EI-MS: m/z 270 (100%). UV max (MeOH): 
268, 337; (NaOMe): 274, 322 sh, 392; (AlCl

3
): 276, 301, 

346, 382; (AlCl
3
/HCl): 276, 300, 344, 380; (NaOAc): 274, 

387; (NaOAc/H
3
BO

3
): 268, 344. 1H-NMR (DMSO-d

6
, 

500 MHz):  7.88(2H, d, J = 8 Hz; H-2’,6’), 6.89(2H, d, 
J = 8 Hz; H-3’,5’), 6.67(1H, s; H-3),  6.33(1H, d, J = 2 Hz; 
H-8), 6.05(1H, d, J = 2 Hz; H-6).

Acute toxicity

Both 70% methanol and chloroform extracts of 
flowering aerial parts of Leonotis leonurus were found 
to be practically non-toxic when administered orally to  
rats and its LD

50
 value was found to be higher 

than  5000 mg/100 g BW. This data enabled us to select 
the dose to be administered to rats for assessing its 
hepatoprotective and anti-inflammatory activities. 
The doses used in paracetamol-induced hepatotox-
icity and carrageenan-induced hind rat paw edema 
methods were  200 mg/100 g BW and  500 mg/100 g BW, 
respectively.

Paracetamol-induced hepatotoxicity

The results of paracetamol-induced hepatotoxicity are 
presented in Table 1. In rats treated with paracetamol 
alone, there was a significant elevation in AST, ALT, 
ALP, bilirubin and MDA levels as compared with the 
control rats. Pretreatment with the flowering aerial 
parts of Leonotis leonurus extracts (70% methanol or 
chloroform) exhibited a significant (P < 0.05) protection 
against the elevation of AST, ALT, ALP, bilirubin and MDA 
levels as compared with the paracetamol-treated rats. 
On the other hand, the results indicated that the total 
70% methanol extract showed higher protection effect 
against paracetamol-induced elevations in the levels of 
serum parameters and MDA than that of the chloroform 
extract. The protection percentages of pretreatment with 
70% methanol were 68.72% (AST), 83.06% (ALT), 89.68% 
(ALP), 76.92% (bilirubin) and 85.41% (MDA). While that 
of pretreatment with chloroform extract were 65.63% 
(AST), 74.14% (ALT), 60.54% (ALP), 69.23% (bilirubin) 
and 64.58% (MDA).

Histopathological changes in  
paracetamol-intoxicated liver

The hepatic lobules are the structural units of the liver; 
each is formed of cords of hepatocytes with blood sinu-
soids in between. The sinusoids run radially, converging 
at the center of the hepatic lobule to form the central or 
centrolobular vein (Figure 1A).

Examination of liver sections of rats given an oral 
dose equivalent to 3 g/kg BW of paracetamol demon-
strated mild lymphocytic infiltration in the portal and 
periportal areas associated with dilated and congested 
veins (Figure 1B). In some animals, the hepatocytes 
presented small vacuoles of fatty change mainly in 
the inner and outer regions of the lobules. The cyto-
plasm and the nuclei of these hepatocytes exhibited 
pale stainability. The hepatocytes around the dilated 
congested vessels appeared variable in shape and size 
(Figure 1C).

Examination of liver sections of rats treated with a 
daily dose of  200 mg/100 g rats of the methanolic or 

Table 1.  Effect of 70% methanol and chloroform extracts of L. leonurus on serum biochemical parameters and lipid peroxidation in paracetamol-
induced hepatic damage in rats.

Groups AST (U/L) ALT (U/L) ALP (U/L) Bilirubin (mg/dL) LPO (µM MDA/mg protein)

Control 121.2 ± 1.2 65.4 ± 5.8 165.5 ± 11.7 0.15 ± 0.01 1.35 ± 0.60

Paracetamol 211.7 ± 9.6a 109.1 ± 12.1a 337.1 ± 8.9a 0.28 ± 0.01a 2.31 ± 0.02a

70% methanol extract + 
paracetamol

149.5 ± 7.2b(68.72%) 72.8 ± 6.2b(83.06%) 183.2 ± 17.0b(89.68%) 0.18 ± 0.02b(76.92%) 1.49 ± 0.17b(85.41%)

Chloroform extract + 
paracetamol

152.3 ± 3.4b(65.63%) 76.7 ± 6.6b(74.14%) 233.2 ± 14b(60.54%) 0.19 ± 0.0b(69.23%) 1.69 ± 0.22b(64.58%)

aSignificant at p < 0.05 as compared with the control group.
bSignificant at p < 0.05 as compared with the treated paracetamol group.
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chloroform extract for seven days and received a sin-
gle oral dose of paracetamol showed that architecture 
appear more or less near the control (Figure1D, E).

Histochemical changes in paracetamol-intoxicated 
liver

Examination of sections of the liver of the control rats 
displayed the proteinic inclusions in the hepatocytes as 
grayish blue irregular particles of various sizes against 
weakly to moderately stained ground cytoplasm. The 
nuclear chromatin and the nucleoli are densely stained 
indicating their rich content of proteinic constituents 
(Figure 2A). In rats administrated with a single oral 

dose of paracetamol equivalent to 3 g/kg BW, the pro-
teinic inclusions showed marked diminution in many 
liver cells and the stainability was mostly diffused 
(Figure 2B).

Daily treatment of the rats 200 mg/100 g BW of the 
methanolic or chloroform extract for seven days and 
received a single oral dose of paracetamol revealed 
relative diffusion and diminution of the stainability of the 
proteinic content in both the cytoplasm and nucleus of 
the hepatocytes of the treated animals (Figure 2C, D).

The above results showed that paracetamol induced 
a decrease in the proteinic content of the liver of treated 
animals. The protein inclusions became more or less as 
control in the rats treated with  200 mg/100 g BW of the 
methanolic or chloroform extract for seven days and 
received a single oral dose of paracetamol.

Anti-inflammatory results

The results of the anti-edematous effect of oral admin-
istration of 70% methanol or chloroform extracts of 

HS
HC CV

A B

D E

C

Figure 1.  A photomicrograph of section of liver of (A) control rat 
showing the architecture of a hepatic lobule, (B) rat liver given an oral 
dose of paracetamol equivalent to 3 g/kg BW showing focal necrosis 
associated with inflammatory infiltration. Notice the venous con-
gestion in the portal area, (C) rats given an oral dose of paracetamol 
equivalent to 3 g/kg BW showing a portal tract with dilated and con-
gested vein. Notice the periportal necrosis of the hepatocytes that 
surround the portal area, and the inflammatory infiltration, (D) rat 
daily given an oral dose equivalent to  200 mg/100 g BW of total 70% 
methanol extract of L. leonurus for seven successive days and treated 
with a dose of paracetamol equivalent to 3 g/kg BW on day 8 showing 
the liver architecture that appears more or less as control, and (E) 
rats daily given an oral dose equivalent to  200 mg/100 g BW of chlo-
roform extract of L. leonurus for seven successive days and treated 
with a dose of paracetamol equivalent to 3 g/kg BW on day 8 show-
ing the liver architecture that appears more or less as control (H & E 
stain-X 300). 

A B

C D

Figure 2.  A photomicrograph of section of liver of (A) control rat 
showing the proteinic contents. Notice the irregular particles of vari-
ous sizes that are equally distributed in the cytoplasm of the liver 
cells. The nucleoli are intensely stained while the ground cytoplasm 
and nucleoplasm display faint stainability, (B) rat liver received a 
single oral dose of paracetamol equivalent to 3 g/kg BW showing 
the stainability of the proteinic inclusions of the hepatocytes. The 
stainability is relatively diffused in both the cytoplasm and nucleus, 
(C) rat daily received an oral dose equivalent to  200 mg/100 g BW of 
total 70% methanol extract of L. leonurus for seven successive days 
and received a single oral dose of paracetamol (3 g/kg BW) on day 8 
showing the proteinic inclusions in many liver cells. Notice that the 
stainability is mostly diffused in cytoplasm and nuclei, and (D) rat 
daily received an oral dose equivalent to  200 mg/100 g of chloroform 
extract of L. leonurus for seven days and received a single oral dose of 
paracetamol (3 g/kg BW) on day 8 showing the proteinic inclusions. 
Notice that in some cells the proteinic particles are relatively few in 
number. No change was observed in most hepatocytes (Bromophenol 
blue reaction-X 600). 
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flowering aerial parts of Leonotis leonurus are shown 
in Table 2. The 70% methanol and chloroform extracts 
( 500 mg/100 g BW) caused a significant reduc-
tion (20% and 41%, respectively) in the paw edema. 
Voltarin (0. 7 mg/100 g BW), utilized as a reference anti-
inflammatory, produced significant inhibition by 26%.

Cytotoxicity effect

The 70% methanol extract showed no cytotoxic activity 
against the human tumor cell lines tested at the chosen 
extract concentrations (Figure 3).

Discussion

Flavonoids are diphenyl propanoids that occur every-
where in plant foods and form important constituents 
of the human diet. The 70% methanol extract of the 
flowering aerial parts of Leonotis leonurus was shown by 
preliminary 2D-PC screening to contain a complicated 
flavonoid mixture (Figure 4).

Ten known flavonoid compounds were isolated and 
purified by standard methods. All compounds appeared 
as dark purple spots on PC under UV light, changing 
to yellow when exposed to ammonia vapor, except 
compound (7) where no change in color was observed. 
Chemical investigations: complete acid hydrolysis 
for O-glycosides and ferric chloride degradation for 
C-glycosides were carried out, and followed by paper 
co-chromatography with authentic samples to identify 
the hydrolytic flavonoid glycoside products whether 
aglycons and sugar moieties. The structures of the iso-
lated flavonoids were determined from UV, MS and NMR 
spectral data.

Both 70% methanol and chloroform extracts of 
L. leonurus were found to be safe for further bio-
logical studies, as no lethality was observed even 
at  5000 mg/100 g BW p.o. in rats. This is the first study to 
show the hepatoprotective activity of L. leonurus on rats 
using paracetamol-induced hepatotoxicity method. The 
hepatoprotective activity of 70% methanol and chloro-
form extracts was evaluated by measuring their protec-
tive effects on liver functions and structure as well as  
lipid peroxidation. Protection against paracetamol 
induced toxicity has been used as a test for a potential 
hepatoprotective agent by several investigators (Dwivedi 
et  al., 1991; Visen et  al., 1993; Singh & Handa, 1995). 
Paracetamol is a common antipyretic agent which is 
safe in therapeutic doses but can produce fatal hepatic 
necrosis in man, rats and mice with toxic doses (Prescott 
et al., 1971; Mitchell et al., 1973). Paracetamol is mainly 
metabolized in liver to excretable glucuronide and sul-
fate conjugates (Jollow et  al., 1974; Wong et  al., 1981). 
However, hepatotoxicity of paracetamol has been attrib-
uted to the formation of toxic metabolites when a part 
of paracetamol is activated by hepatic cytochrome P-450 
(Savides & Oehme, 1983) to a highly reactive metabo-
lite; N-acetyl-p-benzoquinone imine (Vermeulen et al., 
1992). This reactive metabolite binds to macromolecules 
and cellular proteins and also causes peroxidation of the 
biological membrane leading to the formation of lipid 
radicals and a variety of degraded products (the majority 
of which is malondialdehyde) and eventually liver injury 
(Upasani et al., 2001). Due to liver injury, the transport 
function of the hepatocytes gets disturbed, resulting in 
the leakage of plasma membrane (Zimmerman & Seeff, 
1970), thereby causing an increased enzyme level in 
the serum. Also bilirubin concentration is increased in 
the serum as a result of liver dysfunction (Hall, 2001). 
Leakage of large quantities of enzymes into the blood 
stream is often associated with massive necrosis of the 
liver (Rees & Spector, 1961).

The present study confirms the better hepatoprotec-
tive effect of the 70% methanol and chloroform extracts 
of L. leonurus against experimentally induced hepatic 
damage by paracetamol. The biochemical results of the 
present work were in accordance with histopathological 
results. The hepatoprotective effect of the extract was due 
to flavonoid constituents (Rebrin & Sohal, 2004; Zheng 
et al., 2005). Such flavonoids, as apigenin-7-O-glucoside, 
luteolin-7-O-glucoside, and quercitin prevented the 

Table 2.  Effects of total 70% methanol and chloroform extracts on 
the carrageenan-induced hind paw edema in rats.

Parameter Control Voltarin
70% Methanol  

extract
Chloroform 

extract

% Edema 40.79 ± 0.09 29.89 ± 0.93 32.32 ± 0.08 23.84 ± 0.01

% Reduction – 26.72 20.76 41.55

All are significantly different from control value at p < 0.05.
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Figure 3.  Cytotoxicity of the 70% methanol extract of L. leonurus.
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glutathione depletion and lipid peroxidation induced by 
an acute intoxication with carbon tetrachloride (CCl

4
), 

ethanol, acetominophen and bromobenzene in the liver 
and in the rats with biliary obstruction (Ferrandiz et al., 
1994; Peres et al., 2000; Qiusheng et al., 2004).

The results obtained here also showed that L. leonurus 
had anti-inflammatory activity, where the 70% metha-
nol extract was almost as effective as voltarin while the 
chloroform extract showed higher activity. This activity 
may be due to the action of the flavonoid compounds 
(Modnicki et al., 2007). Anti-inflammatory activity of the 
aqueous leaf extract of L. leonurus was reported in vivo 
using fresh egg albumin-induced paw edema method 
(Ojewole, 2005) and in vitro using cyclooxygenase 
(COX-1) anti-inflammatory inhibition assay (Jäger et al., 
1996; Stafford et al., 2005).

The 70% methanol extract showed no cytotoxic activ-
ity against the human tumor cell lines tested at the cho-
sen extract concentrations.

In conclusion, the present study reveals that the 70% 
methanol and chloroform extracts of L. leonurus possess 
promising protective activity against paracetamol-
induced hepatic damage and anti-inflammatory activity 
in rats. These activities may be attributed to the presence 
of flavonoids.

Declaration of interest: The authors report no conflicts 
of interest. The authors alone are responsible for the 
content and writing of the paper.
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