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Abstract : Bee’s wax produced by honeybees is rich in polyphenols. As the
polyphenols are thought to protect cell constituents against oxidative damage
through scavenging of  free radicals ,  the present  work was undertaken to
evaluate the effects of polyphenols extracted from bees wax on the oxidative
s t ress  induced  by  carbon te t rachlor ide  (CCl  

4
)  in  ra t s .  The  polyphenols

extracted by 80% methanol from bee wax (PBW) were fed to Wistar rats
at 100 mg/kg body weight and 200 mg/kg body weight for 14 days in order
to study its antioxidative and antihepatotoxic effects against CCl

4
 (1.5 ml/

kg body weight) -induced stress. On 15th day all the rats were sacrificed,
b lood  was  co l l ec ted  fo r  se rum and  o rgans / t i s sues  were  exc i sed  fo r
biochemical analysis.  The results showed a significant decrease in hepatic
an t iox idan t  enzyme ac t iv i t i e s  v iz .  ca ta lase ,  g lucose -6 -phospha te
dehydrogenase  (G-6-PDH),  g luta th ione peroxidase  (GSH-Px) ,  g lu ta th ione
reduc tase ,  superox ide  d i smutase  (SOD)  and  a  s ign i f i can t  inc rease  in
gluta thione S- t ransferase  (GST) and γ -glutamyl  t ranspept idase  (GGT) by
CCl

4
, probably due to the peroxidative effects. The prophylactic use of PBW

at 200 mg/kg level resulted in a significant increase in CCl
4
-induced reduction

in catalase, G-6-PDH, GSSGR and SOD. The hepatic levels of lipid peroxides
viz. malondialdehyde, conjugated dienes and lipid hydroperoxides, enhanced
by the administration of CCl

4 
were brought down by the ingestion of PBW

at a level of 200 mg/kg. The hepatotoxicity caused by the administration of
CCl

4
 was reduced significantly. Hence, it is concluded that the polyphenols

f rom bees  wax  exhib i t  hepa topro tec t ive  and  an t iox ida t ive  proper t i es  in
r a t s .
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INTRODUCTION

Honey has been used since ancient times
and  has  ga ined  apprec ia t ion  as  the  on ly
concent ra ted  form of  sugar  ava i lab le

wor ldwide .  The  wax  secre ted  by  the  wax
glands of bee is a result of the digestion of
carbohydra tes .  Bees  wax  i s  a  va luab le
byproduc t  o f  bee  keep ing  indus t ry  and  i s
used  in  the  cosmet ic  indus t ry  fo r  the
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manufac ture  o f  co ld  c reams ,  l ips t i cks ,  l ip
pomades and lotions. It is also used in folk
medicine (1)  and i ts  use in  pharmaceutical
indus t ry  i s  inc reas ing  probably  due  to  i t s
r i ch  con ten t  o f  po lyphenols  and  o ther
phytocons t i tuents .  Polyphenols  a re  thought
to protect cell constituents against oxidative
damage through scavenging of free radicals
(2) .  Po lyphenol ic  compounds  have  a  wide
range  of  benef ic ia l  e f fec t s  such  as  an t i -
inflammatory responses,  prevention of  low-
density lipoprotein oxidation, antihypertensive,
ant ioxidant ,  an t i thromobt ic  neuroprotec t ive
and anticarcinogenic actions (3, 4).  Propolis,
a  honeybee  produc t  p roduced  f rom the
waxes of Apis mellifera, a nonexisting bee’s
species  in  India ,  i s  r ich  in  more than 150
polyphenol ic  compounds  (5) .  The  wate r
ext rac t  of  propol i s  shows hepatoprotec t ive
ac t iv i ty  and  a  wide  spec t rum of  ac t iv i t ies
such as anticancer, antioxidant, antimicrobial,
an t i - in f lammatory  and  an t ib io t ic  ac t iv i ty
(6–9). The information on the polyphenols of
wax  produced  by  Apis  dorse t ta  i s  sparse .
Hence we wanted to extract polyphenols from
the bees,  Apis dorsetta  and study its  effect
agains t  oxidat ive  s t ress  induced by carbon
te t rach lor ide  (CCl

4
) .  Carbon  te t rach lor ide

is  se lec ted  in  th is  work  as  i t  i s  genera l ly
used  as  model  tox ican t  fo r  sc reen ing  of

ant ioxidat ive  and hepatoprotect ive  drugs.

MATERIAL AND METHODS

Extract ion  o f  po lyphenol s  f rom bees  wax

Honey bee wax obtained from colonies of
Apis dorset ta  avai lable at  Bil i rangan Hil ls ,
Karna taka ,  Ind ia  and  was  processed  us ing
following procedure:

Af te r  removing  honey  by  dra in ing ,  the

comb was melted in hot water. The wax was
allowed to accumulate on the water surface,
filtered to remove gross impurities viz. dead
bees, cocoons etc, and allowed to solidify in
moulds .

Po lyphenols  were  ex t rac ted  f rom bees
wax by the method of Xia et al (10). About
100  g  of  the  bees  wax  was  mixed  wi th  2
volumes of 80% methanol and kept for 5 days
a t  room tempera ture .  Af ter  5  days ,  i t  was
filtered and evaporated under the hood. The
res idue  was  d i sso lved  in  wate r  and  the
aqueous  layer  was  washed  wi th  pe t ro leum
ether several times until a clear upper layer
of petroleum ether was obtained. The lower
layer was then treated with 1% glacial acetic
acid prepared in ethyl acetate. Extraction of
polyphenols was carried out for 36 hours at
room tempera ture  and  the  combined  e thy l
ace ta te  l ayer  was  concen t ra ted .  The  y ie ld
was found to be 0.2%. The residue dissolved
in water was used for in vivo  s tudies.

Exper imenta l  schedule

Male  Wis ta r  ra t s  (110 g–130 g)  were
allocated randomly into six groups, consisting
of six animals in each. The grouping of rats
is as given below:

Group I : Treated  as  cont ro l

Group II : Trea ted  wi th  CCl
4 

(1 .5  ml /kg
body weight)

Group III : Trea ted  wi th  100  mg PBW/kg
body weight

Group IV : Trea ted  wi th  100  mg PBW/kg
body weight  +  CCl

4
 (1 .5  ml/kg

body weight)

Group V : Trea ted  wi th  200  mg PBW/kg
body weight
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hydraz ine .  Lip ids  i so la ted  f rom l iver  were
used  for  es t imat ion  of  tocophero l  (15) .
Activities of glutamic oxaloacetic transaminase
(SGOT) ,  g lu tamic  pyruvic  t ransminase
(SGPT)  and  a lka l ine  phospha te  (ALP)  in
serum were assayed as described earlier (16).
Hepa t ic  g lu ta th ione  (GSH)  conten t  was
de te rmined  by  the  method  of  E l lman (17)
us ing  5 ,  5 ’–d i th iob is -2-n i t robenzoic  ac id
reagent. For the assay of catalase, liver was
homogenized in phosphate buffer and assayed
(18). Hepatic glutathione reductase (GSSGR)
and GSH-Px act iv i t ies  were  determined by
the  method  of  Weiss  e t  a l  (19) .  Hepa t ic
glutathione S-transferase (GST) activity was
determined by the procedure of Habig et al
(20). Superoxide dismutase was measured by
the  inh ib i t ion  of  cy tochrome C reduc t ion
mediated via superoxide anions generated by
xanthine-xanthine oxidase and monitored at
550 nm. One uni t  of  SOD was defined,  as
the amount required to inhibit the reduction
of  cy tochrome C by  50% (21) .  The  assay
mixture  fo r  the  es t imat ion  of  hepa t ic
g lucose-6-phospha te  dehydrogenase  (G-6-
PDH)  cons i s ted  of  the  enzyme source
prepared in 0.1 mM of Tris buffer, 2 mM of
glucose-6-phosphate,  and 0.3 mM of NADP
and ÄA was  moni tored  a t  340  nm (22) .
Gamma glutamyl  t ranspept idase (GGT) was
es t imated  by  the  method  of  Meis te r  e t  a l
(23) .  Pro te in  in  t i s sues  was  de te rmined
accord ing  to  Lowry  e t  a l  (24) .  S ta t i s t i ca l
ana lys i s  was  ca r r ied  ou t  by  Duncan’s
mul t ip le  compar i son  tes t s  us ing  one-way
analysis of variance (ANOVA). Significance
of  d i f fe rences  be tween  mean  va lues  was

determined at  5% level .

RESULTS

The  abso lu te  weigh ts  o f  l ive r ,  k idney ,

Group VI : Trea ted  wi th  200  mg PBW/kg
body weight  +  CCl

4
 (1 .5  ml /kg

body weight)

Al l  the  ra t s  were  housed  in  ind iv idua l
s ta in less  s tee l ,  wi re -bo t tomed cages  a t  a
temperature of  27±2°C,  and fed ad l ibi tum
with free access to the laboratory stock diet
and water .  The polyphenols  extracted from
bees wax (1.0 ml) was administered to groups
II I ,  IV,  V and VI  by gavage for  14  days .
Weekly  food  in take  and  weight  ga in  were
monitored.  After  24h of  the last  t reatment ,
CCl

4 
(1 .5  ml /kg  body  weigh t )  was

adminis te red  i .p .  to  g roups  I I ,  IV and  VI
while groups I, III and V were injected with
saline. All the rats were sacrificed after 24h
of  CCl

4
/ sa l ine  in jec t ion ,  under  mi ld

anes thes ia  (sodium pentobarbi tone ,  50  mg/
kg body weight i.p.). Blood was collected by
cardiac  puncture .  The organs  were  quickly
excised and s tored in  l iquid  ni t rogen unt i l
analys is .  Clearance  of  exper imenta l  des ign
by Inst i tu t ional  Ethical  Commit tee  for  ra ts
was  taken .

Chemica l  ana lys i s

The  f lavonoids  (11)  in  the  ex t rac t  o f
polyphenols  f rom bees  wax were es t imated
accord ing  to  p rescr ibed  methods .  For  the
assay  of  malondia ldehyde  (MDA),  l ive r
homogena te  (0 .5  g )  was  prec ip i ta ted  wi th
t r i ch loroace t ic  ac id  (10%)  and  assayed  as
reported earlier (12). The lipid isolated from
l iver  was  used  to  assay  the  amount  o f
conjugated dienes (12) and the upper layer
of  the  same assay  was  u t i l i zed  for  the
es t imat ion  of  hydroperoxides  (13) .  The
conten t  o f  ascorb ic  ac id  on  l iver  was
de te rmined  by  the  method  of  Roe  and
Keuther  (14)  us ing  2 ,  4 -d in i t rophenyl
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decreased  MDA,  conjuga ted  d ienes  and
hydroperoxides with enhanced ascorbic acid
content  in the co-administered group (PBW
+ CCl

4
). The CCl

4
-induced reduction in hepatic

GSH was  a t t enua ted  s ign i f ican t ly  by  co-
adminis t ra t ion  of  PBW (200  mg/kg  body
weight) .

The data for the effect of PBW and CCl
4

on hepatic transminase activities viz. SGOT,
SGPT and  a lka l ine  phospha tase  a re  g iven
Table III .  There was significant increase in
these enzyme activities while no change was
noted  wi th  the  o ra l  inges t ion  of  PBW.  I t
was  in te res t ing  to  no te  tha t  the  bo th
the levels of PBW intake brought down the

TABLE I : Ef fec t  o f  PBW and  CCl
4 

t r ea tmen t s  on  ra t  o rgan  we igh t s  (g /100 g  body  we igh t ) .

Rat  Groups L i v e r K i d n e y H e a r t B r a i n

C o n t r o l 3 .50±0 .341 0 .879±0 .081 0 .354±0 .041 0 .932±0 .097
C C l

4-
a l o n e 3 .88±0 .371 0 .842±0 .091 0 .335±0 .032 0 .879±0 .091

PBW (100  mg/kg)
 
333±0 .320 0 .962±0 .093 0 .380±0 .036 1 .008±0 .123

PBW (100  mg/kg) + CCl
4

3 .88±0 .401 0 .965±0 .082 0 .360±0 .035 0 .892±0 .090
PBW (200  mg/kg) 4 .06±0 .540 0 .905±0 .091 0 .370±0 .032 0 .863±0 .085
PBW (200  mg/kg) + CCl

4
3 .31±0 .353 0 .810±0 .079 0 .334±0 .041 0 .803±0 .070

Dose  o f  CCl
4
:

 
1 .5  ml /kg  body  we igh t .  Va lues  a re  Mean±SD of  6  r a t s  in  each  g roup .

TABLE II : Ef fec t  o f  PBW and  CCl
4
 t r ea tments  on  hepa t i c  an t iox idan t s  and  l ip id  pe rox ides .

G S H M D A Conjugated L i p i d Ascorbic acid Tocopherol
Rat Groups m m o l / g n mol/g dienes hydroperoxides m g / g m g / g

µ mol/g µ mol/g

Control 9.44± 0.810 8.31± 0.090 0.261± 0.052 0.194± 0.032 0.425± 0.041 20.29± 3.29

CCl
4 

-alone 5.88± 0.591* 42.67± 3.921* 0.719± 0.063* 0.673± 0.033* 0.442± 0.050 19.56± 2.79

PBW (100 mg/kg) 9.05± 0.802 8.04± 0.901 0.202± 0.072 0.194± 0.041 0.300± 0.014* 18.88± 1.75
PBW (100 mg/kg) 5.80± 0.562* 28.91± 2.631#* 0.493± 0.074#* 0.496± 0.060# * 0.530± 0.032#* 19.63± 3.30
+ CCl

4

PBW (200 mg/kg) 9.35± 0.940 7.82± 0.830 0.196± 0.017 0.194± 0.030 0.420± 0.400 17.14± 2.59

PBW (200 mg) 7.45± 0.761*# 12.01± 1.191#* 0.534± 0.072#* 0.467± 0.056#* 0.516± 0.031#* 19.84± 1.94
+ CCl

4

Dose  o f  CCl
4
:  1 .5  ml /kg  body  weigh t .  Va lues  a re  Mean±SD of  6  ra t s  in  each  g roup .  * ind ica tes  P<0 .05

as compared to Control ;  # indicates P<0.05 as compared to CCl
4
 alone.  (Stat is t ical  test :  Duncan’s mult iple

compar i sons  Tes t  us ing  ANOVA) .

heart and brain were not affected by the oral
feeding of polyphenols or by the i.p. injection
of CCl

4
 (Table I).

Table  I I  p resents  the  hepa t ic  leve ls  of
GSH, ascorbic  acid,  tocopherol ,  conjugated
dienes, hydroperoxides and MDA in the rats.
The  CCl

4
 admin is t ra t ion  resu l ted  in  a

decrease  in  GSH;  an  increase  in  MDA,
conjuga ted  d ienes ,  and  hydroperox ides .
There  was  no change in  ascorbic  acid  and
total tocopherol content. The oral feeding of
PBW did not produce any change in hepatic
peroxides and antioxidant contents viz. GSH,
ascorbic  ac id  and tocopherol .  The PBW at
both the levels of administration resulted in
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CCl
4
- induced  increase  in  t ransaminases

significantly.

The  e f fec t  o f  p re t rea tment  o f  PBW on
CCl

4
-induced changes on hepatic antioxidant

enzymes has been given in Table IV. There
was a  s ignif icant  decrease  in  hepat ic  G-6-
PDH,  ca ta lase ,  GSH-Px,  GSSGR and  SOD
act iv i t i es  by  CCl

4 
a s  compared  to  con t ro l

group  of  ra t s .  PBW a t  bo th  the  leve l s  o f
admin is t ra t ion  s ign i f ican t ly  increased  the
ca ta lase  and  G-6-PDH ac t iv i tes .  Co-
administration of both the levels of PBW and
CCl

4 
r esu l ted  in  a  s ign i f ican t  inc rease  in

ac t iv i t i es  o f  G-6-PDH and  GSSGR as
compared to CCl

4
 exposed rats. At the same

t ime the  ca ta lase  and SOD act iv i t ies  were
increased  s ign i f ican t ly  on ly  in  the  co-
adminis te red  group  of  ra t s  exposed  to  the
higher levels of PBW and CCl

4
. There was a

significant increase in hepatic GST and GGT
activities by the administration of CCl

4
. PBW

per se did not influence the hepatic GST and
GGT activities. There was no change in GGT
activity in the liver of rats administered with
PBW; the increase observed was due to the
injection of CCl

4 
only. The GST activity was

reduced  s ign i f ican t ly  due  to  the  co-

TABLE III : Effect  of  PBW and CCl
4 

t reatments on hepatic SGOT, SGPT and alkaline phosphatase activit ies.

Rat  Groups S G O T S G P T Alka l ine  phospha tase
∆ A / m i n / l ∆ A / m i n / 1 (KA un i t s )

C o n t r o l 11 .42± 1 . 3 9 0 . 7 0± 0 . 1 1 100 .5 ± 0 6 . 2
C C l

4
- a l o n e 26 .13± 2 .01* 6 . 5 4± 0 .83* 258 .0 ± 19 .5*

PBW (100  mg/kg) 12 .00± 1 . 9 3 0 . 8 3± 0 . 1 0 103 .5 ± 0 9 . 8
PBW (100  mg/kg) + CCl

4
12 .02± 2 .55* 4 . 7 3± 0 .32* 178 .7 ± 19 .1*

PBW (200  mg/kg) 11 .18± 2 . 1 1 0 . 8 6± 0 . 0 6 108 .5 ± 1 0 . 3
PBW (200  mg/kg) + CCl

4
14 .15± 2 .09* 1 . 9 4± 0 .13* 139 .2 ± 15 .69*

Dose  o f  CCl
4
:  1 .5  ml /kg  body  weigh t .  Va lues  a re  Mean±SD of  6  ra t s  in  each  g roup .  * ind ica tes  P<0 .05

as  compared  to  Cont ro l ;  (S ta t i s t i ca l  t e s t :  Duncan’s  mul t ip le  compar i sons  Tes t  us ing  ANOVA) .

TABLE IV : Ef fec t  o f  PBW and  CCl
4
 t r ea tments  on  hepa t i c  an t iox idan t  enzymes .

Catalase × 104 GSH-Px G S S G R SOD × 10 2 G-6-PDH G S T G G T
R a t ∆A of 0.1/ m m o l m m o l U n i t / µmol NADP m m o l n m o l
Groups m i n / m g N A D P / N A D P / m i n / m g r e d u c e d / conjugate p - N A /

protein m i n / m g m i n / m g protein m i n / m g m i n / m g / m i n / m g
protein protein protein protein protein

Control 0.91± 0.08 5.63± 0.42 3.96± 0.28 1.92± 0.17 9.53± 1.64 1.15± 0.16 0.88± 0.081
CCl

4
-alone 0.50± 0.03* 3.28± 0.43* 2.24± 0.21* 0.88± 0.09* 4.26± 0.68* 2.83± 0.12* 1.49± 0.065*

PBW (100 mg/kg) 1.32± 0.15* 5.58± 0.47 4.70± 0.33* 2.02± 0.03 19.04± 1.00* 1.52± 0.24 0.83± 0.095
PBW (100 mg/ 0.48± 0.06* 3.18± 0.34* 4.28± 0.32# 0.84± 0.07* 9.39± 1.08#* 2.17± 0.20* 1.48± 0.050*
kg) + CCl

4

PBW (200 mg/kg) 1.29± 0.10 6.87± 0.52 5.08± 0.46 1.95± 0.02 28.60± 3.55 1.45± 0.14 0.78± 0.085
PBW (200 mg/ 1.21± 0.12*# 3.44± 0.45*# 4.80± 0.38*# 1.31± 0.11*#  10.08± 1.61*# 1.89± 0.25*# 1.41± 0.040*#

kg) + CCl
4

Dose of CCl
4
: 1.5 ml/kg body weight. Values are Mean±SD of 6 rats in each group. *indicates P<0.05 as compared

to Control; #indicates P<0.05 as compared to CCl
4
-alone. (Statistical test: Duncan’s multiple comparisons Test using

ANOVA).  p-NA=p-nitroanilide.
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adminis t ra t ion  of  PBW (200  mg/kg  body
weight) and CCl

4 
as compared to CCl

4 
injected

r a t s .

DISCUSSION

Carbon tetrachloride
 
is generally used as

a  hepa to tox ic  model  to  sc reen  hepa to
pro tec t ive  d rugs .  Enhanced  ac t iv i t i es  o f
serum transaminases in CCl

4
-intoxicated rats

as  observed  in  the  p resen t  s tudy  can  be
a t t r ibu ted  to  the  damaged  s t ruc tura l
in tegr i ty  o f  the  l ive r ,  because  these  a re
cytoplasmic in location and are released into
circula t ion af ter  cel lular  damage (25) .  The
increase  in  these  enzyme leakages  as
demonst ra ted  by increased levels  of  serum
SGOT, SGPT and alkal ine phosphatase  has
been noted, indicating l iver cell  damage by
CCl

4
 (26). The extract of polyphenols prevents

leakage of these enzymes and restoring the
ac t iv i ty  o f  enzymat ic  var iab les .  These
f ind ings  a re  a l so  subs tan t ia ted  by  s tud ies
with Ginko biloba (27) and propolis (28).

The adminis t ra t ion of  CCl
4
 reduced the

hepa t ic  GSH conten t  wi th  a  concomi tan t
increase  in  MDA,  con juga ted  d ienes  and
hydroperox ides .  The  CCl

4
 admin is t ra t ion

resu l ted  in  increased  MDA,  con juga ted
dienes ,  hydroperox ides  wi th  decrease  in
GSH.  GSH can  be  dep le ted  e i ther  by  a
conjugation reaction with electrophiles or by
inh ib i t ion  of  GSH genera ted  f rom the
oxidized GSSG and or its biosynthesis. PBW
was found to  reduce  these  adverse  e f fec ts
implying that polyphenols from the wax may
be  capable  o f  reduc ing  the  CCl

4
- induced

l ip id  perox ida t ion .  There  i s  an  increased
hepa t ic  G-6-PDH ac t iv i ty  by  the  PBW
intake. This might help in achieving a proper
GSH status by coupling with NADP+/NADPH

redox pair  in  the HMP shunt  pathway.

Carbon tetrachloride produced significant
reduction in catalase, GSH-Px, GSSGR, SOD
and G-6-PDH with a significant elevation in
GST and  GGT ac t iv i t i es .  The  endogenous
ant ioxidant  defence includes  the  enzymat ic
(SOD,  ca ta lase ,  and  perox idase)  and  non-
enzymatic  (ascorbic acid,  tocopherol ,  GSH,
e tc . )  (29) .  Hence  the  enhanced  ca ta lase ,
GSSGR and SOD activities in the liver of co-
admin is te red  group  of  ra t s  v i s -à -v i s  CCl

4

administered rats might provide nucleophilic
envi ronment  to  the  ce l l  fo r  p rov id ing
pro tec t ion .

GSTs  a re  a  g roup  of  enzymes  tha t
catalyze the binding of various electrophiles
to  GSH to  form conjuga tes  and  i t  has  an
integral role in the metabolism of xenobiotics
(29) .  The  PBW (200  mg/kg  body  weight )
in take  reduced  the  CCl

4
- induced  ra i se  in

hepatic GST activity. Abnormally high levels
of  GGT have  been  observed  in  ce l l s  o f  a
var ie ty  o f  hepa toce l lu la r  tox ic i ty  and
carc inomas .  However ,  the  PBW did  no t
modula te  the  CCl

4
- induced  r i se  in  hepa t ic

GGT activity.

The extract used in this study was found
to  con ta in  8% of  f l avonoids .  I t  has  been
demonst ra ted  tha t  f lavonoids  can  scavenge
s ing le t  oxygen  and  te rmina te  perox ida t ion
and  they  a re  there fore  cons idered  as  f ree
rad ica l  scavengers .  L ip id  perox ida t ion
together  with the covalent  binding of  CCl

4

reac t ive  metabol i tes  to  l ip ids  and pro te ins
i s  a  c r i t i ca l  p rocess  under ly ing  CCl

4
-

hepatotoxic i ty .

The  par t i a l  r es to ra t ion  of  l ip id
peroxidation seen when pretreated with PBW
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might be due to its capacity to scavenge free
radicals and improve cellular thiols, thereby
elevating the redox status of the cells. Hence,
it is suggested that the polyphenols extracted

from bees  wax possesses  ant ioxidat ive  and
hepatoprotect ive proper t ies .  Fur ther  s tudies
a re  war ran ted  to  charac te r ize  the  type  of

polyphenols  present  in  the  extract .
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