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{Abstract)

Effects of BHA and BHT on bromobenzenc-induced hepatotoxicity were studied, BIIA and BHT
were given lo rat in the dict at 0.25% level for 10 days prior to bromobenzene challenge.
Pretreatment with BHA retrieved the bromobenzene-incluced toxicity: i.e. recovered the reduced
BHT
treatment resulted in a severe necrosis and further decreased the biliary excretion of BSP.
Addition of bromobenzene to hepatocyte culture weakly induced the malondialdehyde (MDA)
production and the addition of BHA and BHT did not protect against the cnhanced MDA
production.
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zene to chemically reactlive 3, 4-bromobenzene
1. Introduction oxide by cytochrome p-450 dependent mixed

function oxidases is apparently responsible for

Intraperitoncal adminijstration of bromoben-

zene to rats resulls in a rapid and exlensive
depletion of glutathione from the liver¢:1® and
subsequently leads to the centrilobular necrosis
of the liver.

The hapatic biotransformation of bromoben-

its hepatotoxicily in the rat®'®, the latler being
correlated with covalent binding of this meta-
bolite to liver macromolecules, " This pheno-
menon occurs when dose and/or rate of
biotransformation of bromobenzene exceed the

capacity of the liver 10 inactivate the cpoxide,
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the lalter being dependent on microsomal
epoxide hydrase and, more importantly, on
glutathjone availability for conjugation of the
epoxide by cytosolic glutathione S-lransle-
rase, (10,20,

Enhancement ol the rate of biolranstormation
of bromobenzene to 3, 4-bromobenzene oxide by
phenobarbital pretreatment increases bremohen-
zene liver toxicity. ™ Induction of liver
microsomal mixed-function oxidases by 3 me-
thylcholanthrene, on the other hand, does not
increase hepalic nccrosis after bromobenzene
cven though metabolism of the latler is
also significantly enhanced, ®® This inducer
favors biotransformation of bromobenzenc to
2, 3-bromobensene oxide which 1s apparently
non loxic®, probably because of ils Jower
reactivity and dilfcrent intracellular covalent
Recent studies morcover

binding  siles. U9

tend to confirm the exislance of a close
correlation among Zr vwe hepalic necrosis,
rate of disappearance of p-bromophenol via 3,4
epoxidalion of Dbromobenzene as opposed to
formation of o-bromophenol via 2,3-epoxida-
tion 3,

Admmstration of BHT or BHA induces a
particular form of liver cytochrome P-450 and
increases the activity of several microsomal
mixed [unction oaidases. ® This increase could
thus lead 1o potentiation ol bromobenzene
hepalotoxicity by these antioxidants, T'reatment
with these antioxidants also increascs liver
epoxide hydrase and glutathione S-transferasc
as well as liver glutathione content. 4619

1 thus cxamined the effect of these antioxi-
function, as reflected by

which should be

dants on  hepatic
biliary excretion of BSP,
conjugated with glutathione before cxereted
into bile, and cxamined the cifect on liver

necrosis as reflecled by {ransaminase activity.

I. Materials and Method

Animals; Male Sprague-Dawley rats(200 -250g)
were used. Rals were maintained on a
powdered diel(Purina Korea) and water was
given ad hibitum. The animals were hepl m
12 hr light/dark cycle.

Biliary exeretion of BSI’: Biliary excreuon of
BSP was detetmined as described presiously, @
BSP(40mg/kg) was injected iv 24hr alter bro-
mobenzene (2 bmmole/kg, ip) and bile was
collected for 30muin, BHT and DHA were
given to rat in ihe diet at 0.25% level for
10 days prior 1o bromohensene challenge.
The weight ol bile in each samples was
determined gravimetrically assurung a spe-
cific gravity of 1.0,

SGPT activity  determination: SGPT adivity
was determined colorimetrically using {(ran-
gaminasc Kit No. 55-UV(Sigma).

Primary rat liver cell culture® Hepatocytes were
isolated from rats by a collagenase perfusion
technique and as monolayers in serum-free
medimn on 60mm  collagen-coated  plales as
described previously, 29

In vitro lipid peroxidation: Four hours after
initial plating, the cultrue medivm  was
changed to fresh medium and Dbromobenzene,
BHT and BHA were dissolved in dimethyl
sulfoxide (DMS0) and added 1o the culture
at the concentrations indicated. The [inal
concentration ol DMSO 1n the culture was
0.1%(V/V). The cullure mediun was cem
oved for determination of the malopaldehyde
Ghr after treutment. (48

Statistics: Resulls were expressed as the mean
+8E. ‘The siginificance of the dilierence
between mean values was assessed by Stu-
dent’s t-test (> J0.05).

il. Results

As indicaled m TFigure 1 and Table 1,
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Table 1. Effects of BHA

Bromobenzene

% Liver

and BHT on bromobenzene-induced hepatotoxicity«

Bile [low

Treatment® \ BSP SGPT
(m mole/kg) ' (pel/min/g) (% dose/30min)|  (units/ml)
0 — ' 2,891 0.00 1.981 0.08 54.9+1.00 34.243.0
2,5 — 3.154-0.09 2,19+0.27 40.6+1.05¢ 86.5+5. 67
5 BHT ! 5.55+40.12¢ 1.034-0. 07! 23,61, 284 NA-
2.5 BHA | 3.46+0.03¢ 2.64+0.19¢ 57.8+2.01¢ 38.5+£0. 8

a. Results for each group are given as mean+SE [or 4 rats.
b. Rats werc fed diets containing 0.25% BIIT or BHA for 10 days prior to the ip admimstration

of bromohenzene.

<. Significantly dillerence (p .J0.05) between the control group and the bromobenzenc-treated

group.

d, Significantly dilierence (p-.0.03) between the bromobensene-treated group and the antioxidant-

treated group.
e. No aclivily.
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Fig.1. Effect of antioxidants on bromoben-

zene-induced depression in the biliary
exeretion of BSP.

Rats were fed diets contaiming 0.25%
BITA or BHT prior 1o the 1p administr-
ation of bromobenzene(2.5 m mol/kg).
The caperniments were performed 24hr
postin jectjon,

Treatment groups are depicted as control
( ), bromobenzenc( ). BHA plus
bromobenzene(---- «+ ), and BHT plus
bromobenzene(---+ +). The vertical line
at each point tepresents the mean::®. [0
of 4 rats.

treatment of hromobenzene signilicontly delayed
the iliary excretion of BSP into bile in the
rats and increased in SGPL activity.

Pretreatment with BHT resulted in a severe

necrosis and hepatomegaly and {urther decreased
the biliary excretion of BSP. The hile ilow
was also decreascd in the BHT-ircaled rats. So
with BHT the
hromobenzene-induced hepatotoxicity. No acti-

prelreatment exacerbated
vity of SGPT however was shown in the BHT-
treated rats. The plausible reason for such
result wuas not clarified,

Effects of BHA-rcatment was quite dilferent
of BHT. Pretrealtment with BITA
retricved the bromobenzene-induced {oxicny in
the the

reduced hiliary excretion of BSP and enhanced

from that

dabove parameters: i.e. recovered
SGPT activity to control levels.

To further mvestigale the effect ol these
antioxidants on hromobenzene-induced hepatoto-
xicity, the malondialdehyde (MDJA) production
was assessed in hepalocyte culture systems.
Addition of bromobenzene io cultures weakly
induced the MDA production and the addition
of BHT did not protect against the enhanced
MDA production(Table 2). These results n
hepatocyte cultures suggested that hipid peroxi-
dation may have not an carly and critical role
in bringing about the bromobenzenc-induced
hepalotoxicily. 1L therefote concluded that the
lipid peroxidation which occured during bromo-
henzene toxicity was merely a consequence of
glutathione (GSH) depletion and cell death.
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Table 2. Effect of BHT and BHA on the
bromobenzene-induced malondialdehy-
de production in primary cultures of
adult rat hepatocytes:

T'reatment (n r?lgzl}quge

o ) prolcin)
DMSO control 0.19+0. 01

Bromaobenzene(0, 5mM) 0.304+0. 03"

Bromabenzene+BHT( 100M) 0.2940.04¢

Bromobenzene-- BHA (100M) 0. 3040, 03¢

a. After incubation [for 4hr to allow the
attachment of viable cells, bromobenzene,
BHT and BHA were dissolved in dimethyl
sulfoxide (DMSO) and added to the cultares
al the concentrations indicated. The culture
medium was rcmoved for determination of
the malondialdehyde 6hr after (reatment.

b. Resulls are the mean+SE of the determi-
nations on 3 separate cultures.

. Significantly different from controls (p
0.05).

V. Discussion

This studies demonstrated that dietary BHA
prevents or alleviales the acute toxicily induced
by bromobenzene in rats as Judged by SGPT
activity and biliary excretory function. Re-
cently, Miranda et al. "% reported that prior
consumption of a diet coniaining BHA by
female mice prevented the development of or
minimized the acute liver damage caused by
bromobenzene, which was judged by plasma
GPT and GOT levels, hepatic cytochrome p-450
content, and liver histology,

Bromobenzene is metabolized to reactive
intermediate(s) which are inactivated by
conjugation with GSH. Increased cell injury is
observed with GSH-depleted livers which, in
turn, are protected by addilion of GSH or
facilitated GSH synthesis. 4,20

Several mechanisms might be postulated to
cxplain the proteclive action of BHA. A possible
mechamsm for protection could be ascribed to
the ability of BHA to reduce the formation of

reactive metabolites of bromobenzene such as

the conversion to toxic 3, 4- bromobenzene oxide.

Pretreatment with BHA increases in liver
GSHE L gand this nucleophile can bind the
toxic metabolite of bromobenzene, decreasing
the availability of reactive metabolite, and
conscquently reducing with more critical sites
in hepatocytes,

In addition, the activity of detoxifying
enzymes such as epoxide hydrase®'n, more
importantly, glutathjone S-transferasetd is
cnhanced by BHA in rodents.

As an antioxidant, BHA may also react
directly with frce radicals and other toxic
reactive intermediates generated in vivo.

Pretreaiment with BHT however exacerbated
the bromobenzene-induced hepatoloxicity. The
biliary excretion of BSP and the bile flow was
exlensively decreased in the BHT-treated rat
compared to the bromobenzene-treated rats,
Similar to BUA, when rats were treated with
BHT, glutathione S-transferase activity in the
liver increased several folds., ¢ The deteriorative
action of BHT therefore appear to he due
mainly to enhancing the ftormation of toxic
bromobenzene oxide. The plausible reason for
no activity of SGPT shown in the BHTtreated
rals was not clarified.

For bromobenzene toxicity, the imporiance
of peroxidation vs, arylation is a matter of
continued dchate and controversy. Recently,
Casini et al, ¢ demonstrated that lipid peroxi-
dation is an early important event in the
toxicity of bromobenzene to monolayer cultures
of rat hepatocytes. The major piece of evidence
which supports this conclusion is the linding
that the antioxidants, DPPD, BHA, and BHT,
delays, bul does not prevent the toxicity of
bromobenzene to cultured hepatocytes.

Smith et al, 9 however studied the relation-
ship between the time of onset of lipid
peroxidation and cell viability in exposed to
cither CCl, or bromobenzene, and concluded

that the lipid peroxidation which occurred
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during bromobenzene toxicity was merely a
consequence of GSIH depletion and cell death.

Unlike the previous report®, the addition of
BHT or BHA did not reduced the bromobenzcne-
induced increase in MDA production. In addi-
tion, the addition of the same conceniration of
BIIT or BHA significanily reduced the CCl-
induced increase in MDA production.

From above in vivo and in vitro results, it
therefore is concluded that lipid peroxidation
occurs at a later stage and only after cell death
in bromobenzene cytotoxicity.
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