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SUMMARY

The antioxidants, biochemical, and mutagenic ef-
fects of butylated hydroxytoluene (BHT) in doses
of 3 and 30 mg/kg b.wt. were studied in normal
and CCl4-intoxicated rats. The oral LDsg of BHT
in rats was 1740 mg/kg b.wt. No significant
changes of almost all of the studied serum and tis-
sue parameters including bone marrow cells com-
pared to the control groups indicating the safety
of this compound. CCl4- intoxicated animals
showed significant elevations in serum alanine
dmmotransferases (ALT), aspartate aminotransfe-
rases (AST) and alkaline phosphatase (AP) activi-
ties, serum bilirubin, cholesterol, creatinine, urea
and tissue lipid peroxides (LP) concentrations. In
contrast, significant reduction was observed in tis-
sue reduced glutathione concentration (GSH).
Oral administration of BHT concurrently with

CCl4 for 4 weeks significantly returned all the bi-
meters to toward their normal val-
idant

ochemical para

ues confirming safety and excellent antioxi

effect of BHT.

Key words: antioxidants, BHT, Liver and kidney
function, glutathione, chromosomal aberrations,

tissue peroxides

INTRODUCTION

Butylated hydroxytoluene (BHT) is a phenolic an-
tioxidant that prevents rancidity of fats and oils in
food by protecting against lipid oxidation (Wes-
sling, 2001). BHT may protect against toxicity in
some cases but may potentiates toxicity in others
(Powell and Connolly, 1990). There are reports
that BHT inhibits formation of some types of tu-
mors but it also can increase the risk of cancer in
(1986). BHT protects

against carbon tetrachloride poisoning (Freys-

some cases (Preat et al,,

chuss et al., 2001). There is some evidence that it
slows aging in mice. Large number of data have

been published concerning the efficacy of BHT as
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: . : cern-
antioxidant, however little information con

ing their pharmacologic and toxicological effects
are available. There is still question as (0 whether
antioxidants in the form of dietary supplements
counteract the effects of increased numbers of
free radicals in the body. This study was conduct-
ed to investigate the antioxidant effects of differ-
ent doses of butylated hydroxytoluene on the liver
and kidney functions. Moreover, possible muta-

genic effect was studied in albino rats.
MATERIAL AND METHODS

Materials:

Chemicals:

Butylated hydroxytoluene (BHT) and thiobarbi-
turic acid (TBA) was supplied in a pure powder
from Merck (Germany). Reduced glutathione
(5.5'-dithio-bis (2-nitrobenzoicacid)) (DTNB) was
obtained from Cayman Chemical Company,
USA. Diphenyl picryl hydrazyl
(DPPH) was obtained from Sigma Co., Germany.

Michigan,

Pyrogallol was obtained from Loba Chemie,
Mumbai, India. Colchicine was obtained from
Sigma-Aldrich, Germany. Other reagents were

obtained in pure form or of analytical grade

Animals and grouping:

I. Determination of LD50 of BHT:

Oral median lethal dose (LDsg) of BHT was de-
termined in albino rats as described by Behrens
and Karber (1970) Doses of 1000, 1500, 2000,
2500, 3000, 3500 and 4000 mg/kg b.wt. were giv-

102

rally to groups of 6 rats. Treated animals were
en or:

bserved for possible mortalities or any toxic
obs

symptoms.

11 Hepatorenal and antioxidants effect:

One hundred and two adult female Swiss albing
rats weighing 100 - 120 g. provided from the
breeding unit of the National Research Center
(Giza, Egypt) were used throughout this study.
Animals were fed on commercial standard pellets
and tap water was supplied ad- libitum. Thirty six
adult female Swiss albino rats housed in stecl
mesh cages were randomly divided into 6 equal
groups. Rats of group I (Normal control) received
pure corn oil at a dose of 0.3ml/100g. b. wt. daily
for 4 weeks. Animals of group II (CCly- intoxi-
cated) received 0.5 ml/kg b. wt. of CCly 50% in
corn oil (v/v) twice a week for 4 weeks (Ogawa ct
al., 1992). Animals of Group Il received a daily
intra-gastric dose of BHT (3.0 mg/kg b. wt., low
dose, FAO/WHO, 1967) throughout the experi-
mental period, while those of group IV received
the same dose of BHT in addition to CCly as de-
scribed before. Animals of Group V received @
daily intra-gastric dose of BHT (30.0 mg/kg b.
wt., high dose) throughout the experimental peri-
od, while those of group VI received the samc

dose of BHT in addition to CCly as described be:

fore. Doses of BHT were calculated from the ht

Man acceptable daily intake (ADI) and converltct

to rats according to surface area (Paget
Barnes, 1964).
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plood samples

Blood samples (3ml) were collected every 2
weeks from the retro-orbital plexus of eych rat
into dry centrifuge tubes and left to clot at room
(mperature. Serum samples were obtained afier
centrifugation at 1500 rpm for 10 min, and then
kept in clean epindorf tubes at -20°C unyj] analy-
sis. Biodiagnostic Kits were used for determina-
tion of serum ALT and AST activities (U/ml, Re-
itman and Frankel, 1957), ALP activity (mg/dl,
Belfield and Goldberg, 1971), serum cholesterol
Level (mg/dl, Allain et al.,(1974), serum total bi-
lirubin (mg/dl, Walter and Gerade, 1970), serum
urca nitrogen (Fawcett, 1960) and serum creati-

nine (Slot, 1965).

Tissue sampling:

From each animal two pieces from the liver and
Kidney tissues were taken on spot in ice cold sa-
line. One part of the liver or the kidney tissue was
added to 4 parts of the ice cold normal saline
(0.9%) and homogenated and then centrifuged at
4000 rpm for 5 min using a cooling centrifuge.
The supernatant was used for determination of re-
duced glutathione (GSH) and lipid peroxides con-

Centration,

Determination reduced glutathione (GSH):
The reduced glutathione GSH content in liver and
Kidney homogenates (20%) was determined by

the colorimetric method of Ellman (1959) and

modificd by Bulaj et al., (1998). The level of re-
duced glutathione (umol/g tissue) was measured
from a standard curve prepared for GSH (0.1-1
umol/ml), phosohate buffer and Ellmanis reagent
(0.1'ml of each concentration: 1.8: 0.1 ml respec-

tively) against absorbance at 412 nm

Determination of lipid peroxidation concentra-
tion:

The lipid peroxides content in the liver and kid-
ney homogenates (20%) was determined by the
colorimetric method of Ruiz-Larea et al., (1994).

The level of lipid peroxides was expressed as thi-

obarbituric acid (TBA) values in nmol/g tissue.

In vitro Scavenging activity using Electron
Spin Resonance spectrophotometry:

Radical DPPH scavenging capacity of BHT was
determined by an electron spin resonance spec-
trometry method (ESR), using the stable 2.2-
diphenyl-1-picryhydrazyl radical (Yu et al.,
2002). ESR analysis was conducted using ELEX

sys.500 operated at X-band frequency.

In vitro Scavenging activity against DPPH rad-
ical using Spectrophotometry

The Scavenging activity of BHT against different
concentration (200, 400 ,600, 800, 1000, 3000
5000 mg/ml) of BHT was (23.7, 31.3340.8, 47.9
53.5, 68.59 and 70.2 %) respectively. The scav

enging activity of the standard pyrogallol was 10
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NE——
% at all time intervals. The scavenging activity 0
BHT increases with time and concentration. The
inhibition of oxidation was indicated by decreas-

ing the colour of the DPPH solution.

I11. Mutagenic studies:

Effect of BHT on chromosomal aberration in
bone marrow cells was tested in two groups of
vats. Animals of Group I were given corn oil
0.3ml/100g b. wt. for 3 months and kept as nor-
mal control. Animals of Group II were given the
acceptable daily intake (ADI) of butylated hy-
droxytoluene (3.0 mg/kg b. wt) (FAO/WHO,
1967) for 3 months. All animals were sacrificed at
the.end of the experiments. Smears of bone mar-

row were stained Geimsa stain and examined mi-

croscopically.

Statistical analysis:

Differences between means was tested for signifi-
cance by the ANOVA followed by LSD.

RESULTS

. LDs, for butylated hydroxytoluene:

After oral administration of rats with toxic doses,
the observed symptoms were Cyanosis of mucous
membranes, ataxia, general depression, shallow
and rapid respiration, loss of reflexes, diarrhoea
and finally convulsions ang death. The oral LDs,
of BHT in rats wag calculated ag 1740 mg/kg
b.wt. No deaths were recorded in doses of 1200

1Na

mg/kg b.wt. or lower while oral administration of
2200 mg/kg b.wt. killed all the animals. Post moy-
tem findings revealed the presence of congesie
heart and lungs, cyanosed mucous membrane,

and inflamed intestinal membranes.

I1. Effect on hepatorenal functions:

Oral administration of BHT in a dose of 3.0 or 30
|ﬁg/kg b.wt. for 2 or 4 weeks did not affect the
serum ALT, or AST activity as compared to that
in the control rats. BHT in a dose of 3.0 for 2 or 4
weeks did not affect the serum alkaline phospha-
tase activity, however the large dose (30 mg/kg
b.wt.) significantly (P < 0.05) decreased the ser-
um alkaline phosphatase activity. Oral adminis-
tration of CCly twice a week for either 2 or 4
weeks significantly increased serum ALT, AST
and AP activity as compared to normal control
BHT in a dose of 3.0 or 30 mg/kg b.wt. give!
concurrently with CCly significantly (p<0.05) de
creased serum ALT, AST and AP activity as con:

pared too CCl, only treated group (Table 1).

Oral administration of BHT in doses of 3 or :
mg/kg b. wt. daily for 2 or 4 weks significant
(p<0.05) decreased serum cholesterol but serw
bilirubin was not affected as compared to cont:

group. Oral administration of CCly twice a we

for either 2 or 4 weeks significantly (p<0.05)

Creased ilirubi
ased serum cholestero] and serum bilirubin

comp: : ini
pared to normal conro. Oral administrat

°f BHT (3mg/kg b.wi, or 30mg/kg b.wt.) conc
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cently with CCl4 significantly (p<0,03) decreased
«erum cholesterol and bilirubin compared to CCl4

wreated group (Table 2) .

BHT (3.0 or 30 mg/kg b.wt. daily for 2 or 4

weeks) did not affect serum urea or serum creati-
nine compared to control group. Oral administra-
tion of CCl4 twice a week for either 2 or 4 weeks
sgnificantly increased serum urea and serum
Creatinine as compared to normal control. BHT
(3.0 mg/kg b.wt.) given concurrently with CCl,
significantly (p<0.05) decreased serum urea but
not creatinine as compared to CCly only treated
group (Fig. 3). The large dose (30mg/Kg) signifi-
cantly (p<0.05) decreased both serum urea and

serum creatinine (table 3).

111. Antioxidant effects:

Effect on liver and kidney reduced glutathione
(GSH):

Oral administration ofo BHT in doses of 3.0 or 30
mg/kg b. wt. daily for 4 weeks did not affect liver
or kidney glutathione as compared to control
group. Oral administration of CCl, twice a week
foor 4 weeks significantly (p<0.05) decreased liv-
er and kidney glutathione as compared to normal
control. BHT (3 or 30 mg/kg b.wt.) given concur-
rently with CCl4 significantly (p<0.05) increased
liver and kidney glutathione as compared to CClg

only treated group (Table 4)-

. . s
effect on liver and kidney lipid peroxides (LP)

i f 3.0 mg/
Oral adminsitration of BHT 10 2 dose o g

kg bowt. daily for 4 weeks did not affect liver LP
compared to control group . On the other hand
oral administratioon of BHT in doses of 30 mg/kg
b. wt. daily for 4 weeks significantly (p<0.05) de-
creased liver LP. Oral administration of CCI4
twice a week for 4 weeks significantly increased
liver LP as compared to normal control. Oral ad-
ministration of BHT in a dose of 3.0 mg/kg b.owt
concurrently with CCI4 significantly (p<0.05) Je-
creased liver LP compared to CCI4 only treated
group . (Table 4). Oral administration of BHT *
mg/kg b. wt. daily for 4 weeks did not significan!
ty affect kidney LP compared to control group
Oral administration of CCly twice a week for
weeks significantly (p<0.05) increased Kidne
peroxides as compared to control groups. Oral ac
ministration of BHT (3 or 30 mg/kg b.wt.) con
currently with CCI4 significantly (p<0.05) d.

creased kidney LP compared to CCI4 only treat
group (Table 4).

Scavenging activity against diphenyl picryl h
drazyl (DPPH) radical using Electron Sy
Resonance Spectrophotometry (ESR)

When the BHT was added to the system, the »
nal intensity of DPPH decreased because of
competition reaction between DPPH and the sc
engers. The % of inhibition of BHT was 70.19

Results are shown in figure 1.

Scavenging activity against DPPH radical
ing Spectrophotometry
The Scavenging activity of BHT against of di
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ent concentration (200, 400 ,600, 800, 1000,
3000. 5000 mg/ml) of BHT was (23.7, 31.3340.8,
47.9, 53.5, 68.59 and 70.2 %) respectively. The

scavenging activity of the standard pyrogallol was

Mutagenic effect:
BHT (3.0 mg/kg b.wt. for three months) did o,

significantly change the number of chromosomy

aberrations (table 5) which were examined 4

_ A some break in BHT treated group (Fig, 3)
100 % at all time intervals. The scavenging activi chromo

ty of BHT increases with time and concentration.
The inhibition of oxidation was indicated by de-
creasing the colour of the DPPH solution. Results

are shown in figure (2).

Table 1: Effect of BHT (3.0 or 30 m
(twice a week for 4 weeks) on serum A

)

g/kg) given daily alone or concurrently with CCl,

LT, AST and AP activity (mean + SE, n=6),

[ Groups ALT (U/ml). AST (U/ml). AP (mg/dl)
{_ 2w 4w 2w 4w 2w 4w
;_ _Control 29.34].1 30.3£1.0 | 38.1740.9 | 42.7+] 8 | 1024422 | 964429
:[*A_ cay’ 99.6£2.6" | 166.3+3.7" | 126.822.2° 208.2%1.7° | 202.042 * 285.6+9 *
| BHT(LD® | 27.5:1.1 | 28.9+]3 37014 | 419414 97.8+1.2 | 95.6+]24
| BHT (LD) ) . — =
+cCl, @ 77.3%13.9" | 158.243 5 109.0+2.1° 162.7+2 4" | | 14244 2% | |77 04 | *
BHTTIDY (274509 29673 372418 (366 e T———1—
BT “HD)|T T I e ——— ] 03.140.8% 822430+ |
OO 923142" | 1549435 | 83140 10 5o |
L 111575455 | 08,012 g 172411 8*

compared with control, @compared with CCl,, *p < 0.05 \J_.

L.D (Low dose) = 3.0 ’ )

mg/kg b.wt., 11D (High dos

108
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Table 2: Effect of BHT (3 or 30 im
(twice a week for 4 weeks) on sery

m cholesterol

g/kg b.wt,) given daily

alone or concurrently with CCly

¥ — and bililirubin (mg/dl, mean + SE)
 Groups _ S E 9l1oLc§t_c[cl|_— | Billibin 1
W 4w 2w dw _i
| Control 18.7202.98 153924288 | 0564002 | 0.5610.01 ]
cCly? 152.5423.99" [ 162.4242.96" | 1.5340.03" 1.66£0.05° |
‘l;_“.mw § 47.25%1.65 | 51.36%1.35" | 0.5240.02 0.52£0.02
| BHT (LD)+ CCL™® | 96.3422.46" | 8162153 | 1512001 [13522005"
il"liﬂ'l‘ HD * 42.12£0.99° | 42.51x1.75" | 0.5£0.02 0.5£0.02
LBHT (HD)+ CCl,® [90.83£2.08" [65.8:1.77 1.2840.02° 1.44£0.02° I
¥ compared with control, ® compared with CCl;, * P < 0.05
LD (Low dose) = 3 mg/kg b.wt. , HD (High dose) = 30 mg/kg b.wt.
Table 3: Effect of BHT in a dose of 3.0 or 30 mg/kg b.wt. daily given alone or
concurrently with CCl, given twice a week for 4 weeks on serum urea (mg/dl)

Serum urea Serum creatinine ]
rotps 2w 4w 2w 4w
Concrol 15.56£0.88 | 48.33£1.45 | 0.360.01 _ ] 0.33£0.02
cCl,? 85.11x1.75 | 109.36%3.3 1.31£0.03 1.74+0.05
BT LD 24.1620.83 | 47.4541.69 | 0.34£0.02 | 0.3240.01

@ 1 68 | 76.57x1.61 1.2+0.06 1.69+0.01
BHT LD +CCls“ | 59.37%0.
BAT HD 42.95:1.33 | 45.90£2.45 _ [0.35£0.01 | 030.02
BHT HD + CCL @ | 54.53£0.79° | 72.26x1.17 | 0.9120.02 1.630.02

¥ compared with control,
LD (Low dose) = 3.0 mg/
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Table 4: Lffect 0

concurrently with CCli

{ BHT in a dose ol
piven twice a we

, ) kg
1.0 or 30 mp/kg " .
ck for 4 weeks on liver

b.wt. di

ily given alone or
and kidney glutathione

ymol/g tissuc)

%%Ea?gl}w(ﬁ“%t;\‘mﬁc ( Umol/g lissue Jli_,_:_:’%{:imxulb (1 e
Tiver | Kidney | ™ ,
C:'('.'I':‘ 6.4610.26" 3,0540.26° 306.4342.79* 4‘2’25 (jzln
BHT (;.lm 17.540.68 20.14%1.29 223.29,1.-1;32. 355 22, t..3“8.0‘
BHT LD + CCL® | 13.9240.69’ 12.79£0.14° | 241.0242. )7* 256‘ zus; =
BHT (HIDY) 18.0310.23 23.0340.31 217.4841.83 : n ; v
BHTHD + CCL@ | 15.06£0.36' 13.240.34° 72.3341.14%  289.7443.37
¥ P <(0.05

¥ compared with control, © compared with CCls ,
L.D (Low dose of BHT) = 3.0 mg/kg b.wt.., HD (

High dose of BHT) = 30 mg/kg b.wt.

Table S: Effect of ADI doses of BHT in a dose of (3.0 mg/kg b. wt.) daily for 3 months on

bone marrow.

Total damage
No. of 0w = )
examined | § © Lo|® o |RE
metaphase | & EE|SZ|E-8| E ET | EE
— . ] e — — No- °/ M .
E‘SO DOES 5 ("_:)o'n §§, o o ean tS.E
©
g 500 2 1 3 3 1.08
S 3 |13 ]2 T
8 261 529
BHT 500 . 6
L 3 6 |17 |3.2| 1.42£0.29
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Figure 1: The sc: i . .
g > scavenging cffect of BHT using electron spin resonance spectrophotometry

Scavenging activity for BHT W

- -
it

'
¢

% of inhibition
028888838883
I \

b

1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Time interval

e e e e

e ;. igs i S
—a— Standard —a— 200mg/ml —— 400mg/ml —m— 600mgml .——a— BOOMg/ml
—4+— 1000mg/ml ——— 3000mg/ml —— 5000mg/ml —e— Pyrogallol
e

2. Scavenging activity of BHT against diphenyl picryl hydrazyl (DPPH) radical using

Figure
Spcctrophotomclry.

. . bone MEFrow of control female albino rats (Left) shqwing double
ad obtained from fem: and those treated with 3.0 mg/kgbwt. BHT daily for 4 weeks

nd acentric f(":)ﬂ’::;:"?" 'fral'-““"“ (b) and chromosome-break(c)

Fig. 3: Metaphase $pre
minute (3) a r
showing double minutc
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DISCUSSION

Data of the present work clearly demonstrated the
antioxidant effect with minimal adverse effects of
! atylated hydroxytoluene (BHT). The median le-
Leal dose (LD30) of BHT (1740 mg/kg b.wt.) re-
ported in this study was lower than those reported
in mice (2000 mg/Kg bwt) and in rabbits (2100-
3200 mg/Kg bwt. by Lubin and Machlin, (1982).
The toxicity of BHT is due to three toxic metabo-
lites namely quinine methide (QM), hydrox-
yl.tertiary.butyl analog (BHT-OH) and the hy-
droxide-quinone methide (QM-OH), (Bolton and
Thompson, 1991). Such values are more than 500
the acceptable daily intake indicating the safety of
BHT. Safety of BHT was also confirmed by ‘the
absence of significant chromosomal aberrations in
the bone marrow compared with control groups.

Similar observations were recorded by Brand et
al.. (1982).

CCly significantly decreases liver and kidney
GSH. The effect of CCly on kidney was much
marked than liver (GSH level was 3.05 K mol/g in
kidney compared to 6.46 pmol/g in liver). Similar
observation was reported by Letteron et al.,
(1990). The toxic effect of CCly results from its
reductive dehalogenation by microsomal P450
into trichloromethy| free radical (CCl3) which in
turn add molecular oxygen to form trichlorometh.-
yl peroxyl radical (CCl,0). Abstraction of hydro.
gen atom from unsaturateq lipids by such radical

tes carbon-centered lipid radicals. These lipig
creates

radicals quickly add molecular oxygen to form
peroxyl radical, thereby initiating the process of
lipid peroxidation and leads to depletion of gly.
tathione in the tissues. These results are in harmo-
ny with these of Purucker et al., (1995) and Na-

veen et al., (2005).

Oral administration of BHT alone in either low or
high doses did not affect both liver and kidney
glutathione in rats. The protective effect of BHT
against CCl, induced hepatorenal damage was in-
dicated by maintaining glutathione toward normal
values. The protective effect of BHT against CCl,
induced depletion of tissue GSH may be duc
inhibition of lipid peroxidation by scavenging o!
free radicals, and induction of enzymes system:
involved in the biotransformation of xenobiotic
(Shertzer and Sainsbury, 1991). A comparabl
study was done by Ip and Ko (1996) who reporte
that BHT in a dose of 3mmol/Kg/day X 3 orall
in mice did not produce any protective effect ¢
CCl4-induced GSH depletion. This differenc
could be due to the difference in the dose of BH

0 ra in L3 A _
r the species in his €Xperiment where mice we
used.

The protective effect of BHT may also be due

its abilj \C |
ability to Scavenge free radicals thus protecti

cells ——
from ddmagc induced by Xxenobiotics such

CCla (Shertzer and Sainsbury,1991), Compara'

study was done by Yamamoto et al, (1995) wh
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qated that feeding BHT 0.2% in 1 month diet ip.
crease thiobarbituric acid reactive substances con-
centration.nm. Similar observations were reported
by Nagababu and Lakshmaiah (1994) who report-
ed a decrease in lipid peroxides when used against
microsomal mixed function oxidase mediated per-
oxidation using Fe+2-ADP-NA.DPH and cu-
mene hydroperoxide (CumOOH). The scavenging
activity of BHT was also confirmed by the in vi-
tro cxperimenls using electron spin resonance
(ESR) and the scavenging activity against DPPH
radical. The protective effect of BHT is also in-
dicated by the observed decreased activity of liv-
er enzymes (ALT and AST), decreased serum
cholesterol, bilirubin, urea and creatinine com-
pared to CCly only treated group. In conclusion ,
this extensive study points to the potential antioxi-
dant activity of BHT which strongly contributes
to their significant hepato-renal protective effect
Our findings suggest that presence of BHT as
food additives even if they are added 10 times as
ADI is very safe and can protect against liver and

Kidney diseases.
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