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Abstract 

Background and purpose: Paracetamol is the most implicated xenobiotic in inducing hepatotoxicity. Our 
study aimed to determine the impact of some kaempferol glycosides isolated from the leaves of Cedrela 
odorata L. on paracetamol hepatotoxicity.  
Experimental approach: The methanolic extract of dried leaves of C. odorata L. was subjected 
to the combination of spectroscopic methods (1H and 13CNMR). Six kaempferol glycosides were 
isolated: kaempferol-3-O--D-glycopyranoside (astragalin), kaempferol-3-O--L-rhamnopyranoside, 
kaempferol-3-O--D-rutinoside, kaempferide-3-O--D-rutinoside, kaempferide-3-O--Drutinosyl-7-O--D-
rhamnopyranoside, and kaempferol-3-O--D- rutinosyl-7-O-α-D-arabinopyranoside. Fifty-four female Swiss 
Albino mice were divided randomly into 9 groups including (1) control negative (1 mL/kg saline; IP), (2) 
control positive (paracetamol 300 mg/kg; IP), (3) silymarin 50 mg/kg (IP). Animals of groups 4-9 were injected 
with 6 different samples of isolated compounds at 100 mg/kg (IP). One h later, groups 3-9 were injected with 
paracetamol (300 mg/kg IP). Two h later, tissue samples were taken from all animals to assess nitrotyrosine, 
c-Jun N-terminal protein kinase (c-JNK), Raf -1kinase, and oxidative stress biomarkers viz. reduced 
glutathione (GSH) and malondialdehyde (MDA).  
Findings/Results: Isolated glycosides had a prominent anti-apoptotic effect via inhibition of c-JNK and Raf-
1 kinase. They also exerted a powerful antioxidant effect by modulating the oxidative stress induced by 
paracetamol via increasing GSH, reducing MDA and nitrotyrosine concentrations compared to positive 
control. The glycoside (1) showed a better effect than silymarin (standard) in ameliorating the formation of 
nitrotyrosine, Raf-1 kinase, c-JNK, and GSH.  
Conclusion and implication: Kaempferol glycosides isolated for the first time from C. odorata L. leaves 
exerted antioxidant and antiapoptotic effects via amelioration of oxidative stress and inhibition of Raf/ MAPK 
pathway. 
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INTRODUCTION 

Paracetamol (acetaminophen) is a strong 
analgesic and antipyretic. However, it exerts 
hepatotoxicity when unintentionally ingested 
once at high doses or even when given at 
therapeutic doses for a prolonged time (1). 
Paracetamol is now the principal cause  
of acute liver failure in many Western  
countries (2). The paracetamol-induced 
hepatotoxicity is evidenced by the  

production of its metabolite, N-acetyl-p-
benzoquinone imine (NAPQI) that can be 
successfully scavenged by reduced  
glutathione (3) 
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It is now believed that mitochondrial 
damage is central to the toxicity of paracetamol. 
Treatment with paracetamol is attributed                    
to various mitochondrial alterations,                          
viz morphological abnormalities, reduced 
respiration, and oxidative stress (4-6). The 
initial reactive oxygen species (ROS) formation 
leads to activation of Raf-1 protein kinase 
which in turn activates the mitogen-activated 
protein kinase (MAPK) and c-Jun N-terminal 
kinase (JNK) (7). Modulation of Raf/MAPK 
signaling pathway in response to paracetamol 
toxicity contributes to uncontrollable cell 
apoptosis evidenced by activation of these 
kinases (8). 

Nowadays, many studies are targeting the 
discovery of natural products either to replace 
the synthetic medicinal agents for avoiding 
their adverse effects or in order to increase the 
use of current chemical agents via reducing 
their detrimental effects. Cedrela odorata L. is 
the most commercially important and widely 
distributed species in the genus Cedrela. It is 
well known in traditional medicine and used as 
a house remedy by the decoction of its leaves. 
The bark is used to treat wounds, fever, 
bronchitis, indigestion, and other 
gastrointestinal ailments (9). Polyphenolic 
extract of C. odorata L. barks was found to 
reduce hepatic lipid peroxidation in diabetic 
rats. It also reduced cholesterol levels in a 
hypercholesterolemic mouse model and 
decreased hepatic lipid peroxidation (10). In 
another study, the hydroethanolic extract of the 
inner stem park of C. odorata L. blunted the 
postprandial hyperglycemia in rats due to 
inhibition of α- glucosidase and enhancement 
of the antioxidant enzymes (11) but the 
bioactive components leading to these effects 
were not identified. 

Hence, the current study aimed to identify 
the ingredients isolated from the dried 
methanolic extract of C. odorata L. leaves and 
then to investigate their hepatoprotective 
activity against paracetamol-induced 
hepatotoxicity in mice. The antioxidant and 
antiapoptotic effects of these flavonoids have 
been studied as potential underlying 
mechanisms by assessment of reduced 
glutathione (GSH), malondialdehyde (MDA), 
nitrotyrosine, Raf-1 protein kinase, and c-JNK.  

MATERIAL AND METHODS 

Plant material 
The leaves of C. odorata L. were collected 

from zoological garden in Giza-Egypt  
in September 2015 and identified by  
Dr. Mohammed El-Gebaly, Department of 
Botany, National Research Centre (NRC) and 
by Mrs. Tereez Labib Consultant of Plant 
Taxonomy at the Ministry of Agriculture and 
director of Orman botanical garden,    
Giza, Egypt. A voucher specimen (Reg. No. 
2015 C.o. 81) is deposited in the herbarium of 
Pharmacognosy Department, Faculty of 
Pharmacy, Al Azhar University, Cairo, Egypt. 

Chemical agents  
Proton and carbon-13 nuclear magnetic 

resonance (1HNMR and 13CNMR) (king 
Abdul-Aziz University, Gedda, Saudi  
Arabia, BRUKER 850 MHz for 1H and 213 
MHz for 13C (Bruker, China), Cairo University- 
Faculty of Pharmacy BRUKER400 for 1H MHz 
and 100 MHz for 13C) (Bruker, China), 
polyamide 6S for column chromatography, 
sephadex LH-20, silica gel for column 
chromatography, and 2D-paper 
chromatography (Sigma-Aldrich, Egypt). Thin-
layer chromatography (TLC) F254 plates 
(Sigma-Aldrich, Egypt). Mobile phases; 
butanol:acetic acid:water (4:1:5 v/v upper 
phase), aqueous acetic acid (15% and    
85:15 v/v, methylene chloride, butanol, ethyl 
acetate). Spraying reagents (AlCl3, FeCl3, 
ethanol/sulphuric, NH4OH and aniline 
hydrogen sulfate). Paracetamol and silymarin 
were purchased from (Sigma Chemical 
Company, St. Louis, MO, USA). 

Animals  
Fifty-four female Swiss Albino mice 

weighing 20-30 g were purchased from 
National Research Centre breeding unit and 
were divided randomly into 9 groups, 6 each. 
This study was approved by the ethical 
committee of the National Research Centre 
with approval ethical number: 17-130. The 
study was also conducted according to the 
National Regulations on Animal Welfare and 
Institutional Animal Ethical Committee 
(IAEC). 
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Preparation of plant extract 
The dry ground leaves of C. odorata L. (700 

g) were extracted with 70% methanol/water
under reflux (7 × 3L) then, the aqueous 
methanol was evaporated under reduced 
pressure. The totally dried extract was 
subjected to the defatting process with 
methylene chloride under reflux. Then the 
residue after defatting was precipitated by 
water:ethanol (1:10) to precipitate inorganic 
salts and sugars. After precipitation, the filtrate 
was evaporated under reduced pressure.              
Many fractions were obtained from               
polyamide column, then the similar fraction 
was collected to obtain five fractions. Then 
collective fractions (2-5), respectively were 
purified by means of sephadex LH-20 column 
chromatography using different mobile phases: 
ethanol (100%) and butanol:isopropyl:water 
(4:1:5 v/v upper phase) to obtain six 
compounds; 1-6. 

Experimental protocol 
All animals were fasted 12 h before 

performing the experiment. Mice were 
randomly divided into 9 groups, 6 each. Group 
1 was kept as control negative (1 mL/kg 
physiological saline; IP) and group 2 was             
the control positive (injected with paracetamol 
300 mg/kg; IP) (12). Animals of group 3 were 
injected with silymarin as a standard drug             
(50 mg/kg; IP). Animals of group 4-9 were 
injected with the 6 isolated compounds from             
C. odorata L. leaves (100 mg/kg; IP). One h 
after an injection of all isolated compounds and 
standard drug, all groups except the control 
negative were injected with paracetamol            
(300 mg/kg; IP). Two h later, animals were 
sacrificed by cervical dislocation under 
anesthesia of pentobarbital sodium. Liver 
samples were kept frozen at -80 °C for the 
quantitative determination of GSH, MDA, 
nitrotyrosine adducts, Raf-1 kinase, and c-Jun 
N-terminal protein kinase.  

Biochemical analysis   
Oxidative stress biomarkers in liver tissue  

GSH assessment is based on the reduction of 
5,5-dithiobis-2-nitrobenzoic acid to produce a 
yellow compound. The reduced chromogen is 
directly proportional to GSH concentration and 

its absorbance can be measured 
spectrophotometrically at 405 nm using a 
commercial kit (Biodiagnostic, Egypt) (13); 
MDA, a reactive aldehyde that is an indicator 
of lipid peroxidation, was determined using a 
spectrophotometer. The absorbance of the 
MDA forms colored complexes was measured 
spectrophotometrically at 532 nm (14). All 
samples were calculated per mg total protein in 
each sample.  

Nitrotyrosine adducts 
Nitrotyrosine formation is a footprint of 

peroxynitrite production. The hepatic 
nitrotyrosine levels were assayed using the 
quantitative sandwich enzyme immunoassay 
method (Rat 3-nitrotyrosine ELISA Kit, catalog 
No. MBS732683, MyBiosource. Inc, San 
Deigo, USA). The procedure was done 
according to the manufacturer's instructions. 
The optical density was adjusted at 450 nm. 

Apoptotic biomarkers 
Raf-1 protein kinase 

This ELISA kit is a 1.5-h solid-phase ELISA 
designed for the quantitative determination of 
rat phospho Raf-1. Phospho Raf-1 (ser301) 
ELISA kit (catalog No. MBS7218211, 
MyBiosource. Inc, San Deigo, USA) applies 
the competitive enzyme immunoassay 
technique utilizing a monoclonal anti-antibody 
and HRP conjugate. The optical density was 
adjusted at 450 nm.  

C-Jun N-terminal protein kinase 
An immune assay for the quantitative 

determination of JNK 1/2 dual phosphorylated 
at threonine 183 and tyrosine 185 in cell lysates 
using ELISA kit (JNK 1/2 [pT183/pY185] 
ELISA kit, catalog No. KHO0511, Invitrogen 
Corporation. CA, USA). The concentration of 
C-Jun N-terminal protein kinase was 
determined by ELISA and the optical density 
was adjusted at 450 nm. 

Statistical analysis 
Data were presented as mean ± SEM. 

Statistical analysis was carried out by one-way 
analysis of variance (ANOVA) followed by 
Tukey’s test for multiple comparisons. P < 0.05 
was considered significant. 
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RESULTS 

Phytochemistry identification 
The isolated phytoconstituents from the 

leaves of C. odorata L. were brilliant yellow 
amorphous powder, it was observed as dark 
purple fluorescence under long and short UV-
light; which turned to dull yellow florescence 
with ammonia vapor under UV-light.  

Compound (1), an A2-X2 spin coupling 
system of two ortho-doublets, each of two 
protons, were assigned at 7.98 and 6.88 with           
J-value of 8.5 Hz for H2//6/and H3//5/of 1,                   
4-disubstituted of B-ring. Also, meta-doublets, 
each of one proton, were established for H-8 
and H-6 at 6.42 and 6.21 (d, J = 1.8 Hz and 2.0 
Hz) respectively, for 5, 7-dihydroxy A-ring. In 
the aliphatic region, the anomeric proton signal 
was assigned at 5.31 (d, J = 7.5 Hz) to confirm 
a -pyranoside structure of glucoside 
moiety.13CNMR showed 13 carbon resonances 
characteristic of kaempferol aglycone among 
which five signals at 177.38 (C-4) and 133.21 
(C-3) of C-ring, 159.89 (hydroxylated C-4/), 
130.88 (C2//6/) and 115.09 (C3//5/) of B-ring. 
Analysis of 1HNMR and 13CNMR spectra of 
compound (1) and comparison of the previous 
values reported in literature led to the 
assignment of compound (1) as kaempferol-3-
O--D-glycopyranoside (astragalin) (15). 

Compound (2): all 1HNMR and 13CNMR 
signals of aglycone were confirmed by 
comparison with those of the previous 
compound (1), but in aliphatic region, the 
anomeric proton signal was assigned at 4.37         
(d, J =1.7 Hz) and CH3-6// at 0.98 (d, J = 6.8 
Hz), confirmed by the anomeric carbon at                            
100.76 and CH3-6// at 17.7. Finally, compound 
(2) identified as kaempferol-3-O-α-L-
rhamnopyranoside. 

Compound (3): in the aliphatic region, 
1HNMR Table 1 exhibited three diagnostics 1H 
resonances at 5.31, 4.38, and 0.98 were 
assigned to H-1// (glucoside), H-1/// α and 
CH3-6/// (rhamnosyl). Terminal attachment of 
rhamnosyl moiety on C-6// of glucoside was 
confirmed from the characteristic downfield 
location of C-6// (68.18 ≈Δ + 7, α effect) and up 
field location of C-5/// (76.33, Δ-1-1.5 ppm, 
-effect). All other 1H or 13C resonances were 
assigned by comparison study with those 

corresponding of compounds (1), (2) 
and the previous reported 13CNMR data of 
structurally related compounds. Therefore, 
compound (3) was finally identified as 
kaempferol 3-O-α- L- 1C4-rhamnopyranosyl-(1///-
6///) O--D-4C1-glucopyranoside (kaempferol-3-
O--D-rutinoside). 

Compound (4): in comparison with the 
previous compounds, broad singlet every three 
protons at δ 3.70 in 1HNMR spectrum 
confirmed by the presence of carbon resonance 
at δ 56.09 assigned for OCH3 group at C-4/ were 
confirmed by the comparison with previously 
published data of structure-related kaempferide 
(4/-OCH3-kaempferol). Hence, compound (4) 
was identified as kaempferide-3-O--D-
rutinoside. 

Compound (5) was closed to compound (4), as 
kaempferide-3-O--D-rutinoside, in addition to 
the presence of other α-anomeric proton signal at 
5.15 (H-1////) and CH3-6//// at 0.84 (3H, d, J = 6.0 
Hz) and the downfield shift (Δ+≈ 0.25) of each H-
8 and H-6 at 6.70 and 6.44 respectively, were 
evidenced for attachment of an α-rhamnoside 
moiety at C-7 as O-glycoside, hence compound 
(5) was identified as the kaempferide-3-O--D 
rutinosid-7-O-α-L- rhamnopyranoside. 

Compound (6): typical kaempferol-3-O--
D-rutinopyranoside. In addition to the presence 
of α-anomeric proton signal at 5.05 assigned  
for extra glycone part and the downfield 
shift (Δ+≈ 0.25) of each H-8 and H-6 at 6.70 
and 6.42 respectively were evidenced that 
the α-sugar moiety at C-7 as O-glycoside.    
And from the carbon resonances in 13CNMR 
Table 1 identified the extra sugar as arabinose,    
hence compound (6) was confirmed as 
kaempferol-3-O--D-rutinopyranoside-7-O-α-D-
arabinopyranoside. Phytochemical constituents 
were presented in Table 2 and the  
structure of six kaempferol derivatives 
isolated from C. odorata L. were represented  in 
Fig. 1. 

Fig. 1. Structure of six-kaempferol derivatives isolated 
from Cedrela odorata L.  
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Table 1. Proton and carbon-13 nuclear magnetic resonance (400 and 100 MHz, respectively) of phytoconstituents isolated from Cedrela odorata L. 

C. 
No 

1 2 3 4 5 6
1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 1H 13C 

2 - 156.5 - 156.5 - Unresolved - 156.9 - 156.8 - 156.5 
3 - 133.2 - 133.2 - 133.2 - 133.3 - 133.5 - 133.2 
4 - 177.3 - 177.4 - 178. 7 - 177.4 - 177.7 - 177.3 
5 - 159.8 - 159.9 - 159.9 - 161.2 - 161.4 - 159.9 

6 6.42 (d, J = 1.7 Hz) 98.7 6.42 (d, J=1.7Hz) 98.7 6.41 (d, J=1.5 Hz) 98.7 6.40 98.8 
6.72 (d, J=1.8 
Hz) 

99.0 
6.66 (d, J=1.2 
Hz) 

98.7 

7 164.1  164.1  163.0 164.2 164.4 164.2 

8 6.21 (d, J = 2.5 Hz) 93.7 6.22 (d, J=2.5Hz) 93.8 6.20 93.7 6.19 93.8 
6.44 (d, 
J=2.1Hz) 

94.1 
6.45 (d, J=1.5 
Hz) 

95.0 

9 - 156.8 - 156.8 - Unresolved - 156.5 - 157.2 - 156. 8 
10 - 103.9 - 103.9 - Unresolved - 104.0 - 104.2 - 103.9 
1' - 120.8 - 120.9 - 120.6 - 120.9 - 121.1 - 120.9 

2' 7.99 (d, J = 8.5 Hz) 130.8 7.98 (d, J=8.5Hz) 130.9 7.98 (d, J=8.7 Hz) 130.8 
7.97 (d,  
J = 8.7 Hz) 

130.9 7.97 (d, J=9 Hz) 131.2 
7.98 (d, J=8.7
Hz) 

130.8 

3' 6.88 (d, J = 8.5 Hz) 115.1 6.87 (d, J=8.5Hz) 115.1 6.88 (d, J =8.7 Hz) 115.1 
7 (d, J = 8.7 
Hz) 

115.1 6.87 (d, J=9 Hz) 115.4 
6.88 (d, J=8.4
Hz) 

115.1 

4' - 161.2 - 161.2 - Unresolved - 159.9 - 160.1 - 161.2 

5' 6.88 (d, J = 8.5 Hz) 115.1 6.87 (d, J=8.5Hz) 115.1 6.88 (d, J = 8.7Hz) 115.1 7 (d, J=8.7Hz) 115.1 6.87 (d, J=9 Hz) 115.4 
6.88 (d, J=8.4
Hz) 

115.1 

6' 7.99 (d, J = 8.5 Hz) 130.9 7.98 (d, J=8.5Hz) 130.9 7.98 (d, J= 8.7 Hz) 130.8 
7.97 (d,  
J = 8.7 Hz) 

130.9 7.97 (d, J= 9 Hz) 131.2 
7.98 (d, J=8.7
Hz) 

130.8 

1'' 5.31 (d, J = 7.6 Hz) 101.3 4.55 brs 100.8 5.31 (d, J=7.2Hz) 100.7 
5.31 (d, J= 
6Hz) 

100.8 
5.29 (d, 
J=7.5Hz) 

100.9 
5.31 (d, J=6.9
Hz) 

101.3 

2'' - 74.2 - 70.3 - 74.1 - 74.2 - 74.4 - 74.1 
3'' - 76.3 - 70.6 - 76.3 - 76.4 - 76.6 - 76.3 
4'' - 70.6 - 69.9 - 70.3 - 70.4 - 70.2 - 70.3 
5'' - 75.7 - 71.8 - 75.7 - 75.8 - 75.9 - 75.7 
6'' - 61.3 0.98 (d, J=6.4Hz) 17.7 - 68.2 - 68.3 - 68.5 - 68.2 
1''' - - - - 4.38 brs 101.2 4.37 brs 101.3 4.37 brs 101.6 4.378 brs 100.7 
2''' - - - - 71.9 71.8 72.1 71.8
3''' - - - - 70.6 70.6 70.8 70.6
4''' - - - - 71.8 71.8 72.0 71.8
5''' - - - - 70.3 70.4 70.2 70.3

6''' - - - 0.98 (d, J=6 Hz) 17.7 
0.96 (d, J=6 
Hz) 

17.8 0.96 (d, J=6Hz) 17.9 0.98 (d, J=6 Hz) 17. 7 

1'''' - - - - - - - 5.14brs 101.0 unresolvd 107.7
2'''' - - - - - - - - - 70.4 70.6 
3'''' - - - - - - - - - 70.8 -- 69.9 
4'''' - - - - - - - - - 70.2 - 71.8 
5'''' - - - - - - - - - 72.1 - 66.9 
6'''' - - - - - - - - 1.05 (d, J=6 Hz) 18.7 - - 

4'-
OCH3 

- - - - - 3.75 56.1 3.36 56.4 - - 
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Table 2. Phytoconstituents isolated from Cedrela odorata L 

Compounds Nomenclature R1 R2 R3 

1 Kaempferol-3-O--D-glucopyranoside H Glucose H
2 Kaempferol-3-O-α-L-rhamnopyranoside H Rhamnose H
3 Kaempferol-3-O--D-rutinoside H Rutinose H
4 Kaempferide-3-O--D-rutinoside H Rutinose CH3 
5 Kaempferide-3-O--D-rutinosyl-7-O-α-L-rhamnopyranoside Rhamnose Rutinose CH3 
6 Kaempferol-3-O--D-rutinosyl-7-O-α-D-arabinopyranoside Arabinose Rutinose H 

Fig. 2. (A) Effect of six glycosides from the leaves of Cedrela odorata L. on (A) reduced glutathione and (B) 
malondialdehyde in paracetamol-induced liver apoptosis. Paracetamol (positive control, 300 mg/kg), silymarin (50 
mg/kg), samples 1-6 (6 isolated compounds from Cedrela odorata L. leaves, 100 mg/kg). Results represent mean ± SEM, 
n = 6. aP < 0.05 Indicates significant differences compared with the negative control; bP < 0.05 significantly different 
from the positive control. 

Hepatoprotective activity 
Liver oxidative stress assessment  

Intraperitoneal injection of a single dose of 
paracetamol 300 mg/kg BW to mice 
significantly (P < 0.05) decreased the 
concentration of GSH, and on the other hand it 
significantly (P < 0.05) induced elevated MDA 
level compared to the negative control group. 
IP injection of silymarin and all flavonoids at                 
1 h prior to paracetamol injection significantly         
(P < 0.05) increased the level of GSH and on 
the other hand they significantly (P < 0.05) 
decreased MDA compared to the control 
positive control group. It was also prominent 
after comparison with the effect of the standard 
drug (silymarin) on paracetamol toxicity that 
the flavonoid (1) kaempferol-3-O--D-
glycopyranoside has a significant (P < 0.05) 
ameliorative effect on GSH than that of 
silymarin (Fig. 2A and B). 

Nitrotyrosine determination 
Nitrotyrosine is a product of tyrosine 

nitration mediated by peroxynitrite anion                

and nitrogen dioxide. It is identified as a    
marker of cell damage. IP injection of  
a single dose of paracetamol at 300 mg/kg 
BW to mice significantly increase     
(P < 0.05) the concentration of 3-nitrotyrosine 
compared to negative control group. 
IP injection of silymarin and samples  
(1) kaempferol-3-O--D-glycopyranoside,  
(2) kaempferol-3-O--D rutinoside, (3) 
kaempferide-3-O--D-rutinoside, and (5) 
kaempferide-3-O--D rutinosyl-7-O--D-
rhamnopyranoside 1 h prior to paracetamol 
injection significantly (P < 0.05)  
decreases the level of 3-nitrotyrosine 
compared with control positive group.  
Sample (4) kaempferide-3-O--D-rutinoside    
and (6) kaempferol-3-O--D-rutinosyl-7-O-α-
D-arabinopyranoside showed no effect on 
paracetamol induced nitrotyrosine 
concentration. It was also prominent that the 
flavonoid (1) has a significant (P < 0.05) 
ameliorating effect as compared to    
silymarin (Fig. 3). 
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Fig. 3. Effect of six glycosides from the leaves of Cedrela 
odorata L. on 3-nitrotyrosamine in paracetamol-induced 
liver apoptosis. Paracetamol (positive control,                    
300 mg/kg), silymarin (50 mg/kg), samples 1-6                         
(6 isolated compounds from Cedrela odorata L. leaves, 
100 mg/kg). Results represent mean ± SEM, n = 6. aP < 
0.05 Indicates significant differences compared with the 
negative control; bP < 0.05 significantly different from 
the positive control. 

 

Fig. 4. Effect of six glycosides from the leaves of Cedrela 
odorata L. on Raf-1protein kinase in paracetamol-
induced liver apoptosis. Paracetamol (positive control, 
300 mg/kg), silymarin (50 mg/kg), samples 1-6   
(6 isolated compounds from Cedrela odorata L. leaves, 
100 mg/kg). Results represent mean ± SEM, 
n = 6. aP < 0.05 Indicates significant differences 
compared with the negative control; bP < 0.05 
significantly different from the positive control. 

Fig. 5. Effect of six glycosides from the leaves of Cedrela odorata L. on c-JNK in liver apoptosis induced by paracetamol. 
Paracetamol (positive control, 300 mg/kg), silymarin (50 mg/kg), samples 1-6 (6 isolated compounds from Cedrela 
odorata L. leaves, 100 mg/kg). Results represent mean ± SEM, n = 6. aP < 0.05 Indicates significant differences compared 
with the negative control; bP < 0.05 significantly different from the positive control. c-JNK, C-Jun N-terminal protein 
kinase ½. 

Apoptotic biomarkers assessment 
Raf-1 protein kinase 

Apoptosis triggered as a consequence of the 
oxidative stress was determined by increased 
concentrations of protein kinase Raf-1 protein 
in liver tissues. Our study showed that IP 
injection of a single dose of paracetamol    
300 mg/kg significantly (P < 0.05) increased 
Raf-1 kinase as compared to the negative 
control group. IP injection of silymarin, as well 
as all flavonoid, extracts 1 h prior to 
paracetamol showed a significant (P < 0.05) 

decrease in Raf-1 kinase compared to the 
control positive group. It has been also noticed 
that sample (1) kaempferol-3-O--D-
glycopyranoside has significantly (P < 0.05) 
decreased Raf-1 kinase level better than that of 
silymarin (Fig. 4). 

C-Jun N-terminal protein kinase ½ 
The oxidative stress activates c-JNK which 

belongs to MAPK family. IP injection of a 
single dose of paracetamol at 300 mg/kg BW 
significantly (P < 0.05) increased c-JNK 
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compared to the negative control group. IP 
injection of silymarin and all samples (1-6) 1 h 
prior to IP injection of paracetamol showed a 
significant (P < 0.05) decrease in the level of c-
JNK as compared to the control positive group. 
It was also noticed that flavonoids (1) 
kaempferol-3-O--D-glycopyranoside, (3) 
kaempferide-3-O--D-rutinoside and (4) 
kaempferide-3-O--D-rutinoside reduced the c-
JNK concentration significantly (P < 0.05) as 
compared to silymarin (Fig. 5). 

DISCUSSION 

Oxidative stress has a crucial role in the 
development of paracetamol toxicity (16). The 
hepatotoxicity of paracetamol is characterized 
by the production of its metabolite; NAPQI that 
can be successfully scavenged by reduced 
glutathione (17). The paracetamol reactive 
metabolite; NAPQI, accumulates and results in 
GSH consumption, thus decreasing GSH stores. 
The excess NAPQI unbound to GSH may enter 
a rapid reaction with the mercapto groups of 
cellular proteins leading to the production of 
excessive ROS. Lipid peroxidation is initiated 
and in turn eventually results in hepatic 
architecture destruction, apoptosis, or necrosis 
(18). In the current study; besides their GSH 
enhancing effect, the administration of 
flavonoids (1-6) decreased the level of MDA 
that was triggered as a result of injection of a 
high dose of paracetamol. It was prominent that 
flavonoid (1) has a better ameliorating effect 
than that exerted by silymarin. The antioxidant 
potential of flavonoids is well-established and 
similar to our results; different natural 
phytochemicals could protect against 
paracetamol-induced hepatotoxicity via their 
antioxidant effect (19-21). Additionally, the 
hydroethanolic extract of C. odorata L. 
displayed an antihyperglycemic effect via its 
antioxidant properties and this was ascribed to 
the presence of active principles possessing 
different modes of actions. However, 
kaempferol glycosides were not identified nor 
isolated in this study (11,22).  

The administration of flavonoids (1-3, and 5) 
and silymarin in the current study significantly 
decreased the level of nitrotyrosine while the 
flavonoids (4) and (6) showed no effect on 

nitrotyrosine induced by paracetamol. Also, we 
observed that flavonoid (1) has a better 
ameliorative effect than that of silymarin. The 
human hepatocytes respond to high doses of 
paracetamol by the depletion of reduced GSH 
and the formation of protein adducts  
(i.e., nitotyrosine adducts). Active NO 
metabolites can react with superoxide to form 
peroxynitrite (ONOO-) which is a powerful 
oxidant and nitrating agent. Subsequently, 
peroxynitrite reacts with tyrosine results in 
nitrotyrosine adducts formation. As a stable end 
product of peroxynitrite-mediated 
oxidation/nitration, nitrotyrosine can be used as 
NO-dependent liver damage. This oxidative 
stress leads to the fragility of mitochondrial 
membrane leading to the efflux of the cell 
contents and cell apoptosis (3). Similar  
results were obtained previously for the 
Cistus laurifolius flavonoids and the artichoke 
which is known to be rich in flavonoids (23-24). 

Apoptosis is a form of programmed cell 
death that occurs in multicellular organisms 
(25). Apoptosis induced by paracetamol has 
been ruled out by studies were done by Gujral 
et al. (26). One of the most common cell death 
pathways involved in apoptosis is the Raf/MAP 
kinase pathway. This pathway, a significant 
signal transduction pathway in cell biology, is 
involved in cell cycle regulation, wound 
healing and tissue repair, integrin signaling, and 
cell migration (27). Activation of the MAPK 
pathway could be achieved by inducing a 
regulatable form of the Raf-1 kinase (28). C-Jun 
N-terminal kinase is activated by sequential 
protein phosphorylation through a MAPK 
module, namely, MAPK kinase (29).  

In the current study, abnormal activation    
of Raf/MAPK signaling pathway in response    
to paracetamol toxicity contributed to 
uncontrollable cell apoptosis and was 
evidenced by activation of Raf-1 kinase and 
JNK (8). In parallel to the current findings, 
treatment with high doses of paracetamol leads 
to activation of Raf-1 proteins with the 
subsequent activation of JNK. This could be 
explained by enhanced translocation of p-JNK 
through the mitochondrial membrane leading 
to increased mitochondrial membrane 
permeability and membrane collapse (30-31). 
However, the current administration of 
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flavonoids (1-6) 1 h prior to paracetamol, 
showed a significant decrease in Raf activity as 
compared to the positive control group. It was 
also noticed that flavonoid (1) significantly 
reduced the level of the Raf-1 enzyme better 
than silymarin. Administration of flavonoids 
(1-6) 1 h prior to paracetamol showed a 
significant decrease in c-JNK as compared    
to the positive control group. It was  
also noticed that flavonoids (1), (3), and (4) 
significantly reduced the activity of JNK 
enzyme better than silymarin. Our results 
showed that all flavonoids (1-6) isolated from 
C. odorata L. protected against damaging 
effects of paracetamol via inhibition of Raf-
1/MAP kinase pathway. This modulatory effect 
on the Raf/MAP kinase pathway confirmed the 
anti-apoptotic effect of the flavonoid glycosides 
that are newly isolated from the leaves of  
C. odorata L. Similarly, in a recent study 
performed on varicocelized rats, aspragalin 
(compound 1) exerted an anti-apoptotic               
effect by reducing the apoptotic index                 
and the endoplasmic reticulum protein                     
levels (p-JNK) expression leading to            
promoting spermatogenesis in varicocele-
induced rats (32).  

In agreement to our findings, Tsai et al. (33) 
has described the hepatoprotective effect of the 
flavonoid, kaempferol, against liver injury 
induced by the propacetamol. Kaempferol 
showed antioxidant, anti-inflammatory,                 
and anti-apoptotic activities. Similar reports 
showed that anti-inflammatory and              
antioxidant activities of kaempferol were 
involved in its anticancer, antidiabetic, and                   
anti-aging effects (34). Recent reports                  
have shown that flavonoids such as           
quercetin and luteolin were not likely effective 
in the prevention of acetaminophen 
hepatotoxicity as they were unable to prevent 
the glucuronidation step of acetaminophen 
metabolism (35). Kaempferol glycosides were 
also isolated from different plants and exhibited 
marked pharmacological activities (36). 
However, to the best of our knowledge, this is 
the first time in the current study to isolate 
kaempferol glycosides from the leaves of C. 
odorata L. and report their hepatoprotective 
activity through modulation of Raf-1/MAP 
kinase apoptotic pathway (Fig. 6). 

Fig. 6. Schematic diagram of the mechanisms underlying 
paracetamol-induced hepatotoxicity and the possible 
hepatoprotective effect of kaempferol glycosides on liver 
tissue in mice. NAPQI, N-acetyl-p-benzoquineimine; 
(O2˙̄)2, superoxide; H2O2, hydrogen peroxide; ONOO-: 
peroxynitrite; MAPK, mitogen-activated protein kinase; 
MDA, malondialdehyde.  

CONCLUSION 

Our results revealed that kaempferol 
glycosides isolated from C. odorata L. leave 
exerted prominent antioxidant and 
antiapoptotic effects. It is suggested that the 
antiapoptotic effect might be attributed to the 
inhibition of Raf/MAPK pathway which is 
evidenced by the amelioration of Raf-1 protein 
kinase and c-JNK levels. According to the 
current findings, further molecular and clinical 
studies on using these kaempferol glycosides 
are recommended to abate paracetamol-
induced hepatotoxicity. 
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