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— Abstract —

The Application of Biological Monitoring and Effects of Ethanol
and Phenobarbital on Plasma Protein Adducts Formed in Rats
Exposed to Benzidine

Chi-Nyon Kim, Se-Hoon Lee", Jachoon Roh

Institute for Occupational Health, College of medicine, Yonsei University,
Department of Preventive Medicine, Catholic University”

Objectives: The effects of ethanol and phenobarbital, which are known to affect
metabolism of xenobiotics, on the formation of benzidine- and its metabolites-plasma pro-
tein adducts in rats administered benzidine were evaluated.

Methods: The experimental rats were divided into the control, ethanol and phenobar-
bital groups. The experimental groups (ethanol and phenobarbital group) were pretreated
with ethanol (1g/kg) or phenobarbital (80mg/kg) 24 hours prior to the oral administration
of benzidine (0.5mmol/kg). Blood samples were obtained from the vena cava from 5 rats
in each group: and at 30 min, 3 h, 6 h, 9 h, 12 h, 24 h, 48 h, 72 h, 96 h, and 144 h
after the administration of benzidine using heparin treated syringes. The plasma protein
levels were separated immediately after taking blood samples. The adducts were under-
went basic hydrolysis to convert them into aromatic amines. The hydrolyzed benzidine,
monoacetylbenzidine, and 4-aminobiphenyl were analyzed by reverse-phased liquid chro-
matography with an electrochemical detector. The quantitative amount of the metabolites
was expressed by the plasma protein binding index(PBI).

Results: Similar to the hemoglobin adducts, the levels of the plasma protein adducts
of the ethanol and phenobarbital groups (benzidine-, monoacetylbenzidine-, and 4-amino-
biphenyl-PBI) were higher than those of the control group. These results are attributable
to the fact that ethanol and phenobarbital induced to the plasma protein adduct forma-
tion. The N-acetylation ratio in the control group was highest at 72 h with 2.34. In the
ethanol group, it was highest at 72 h with a ratio of 2.46 and was highest in the pheno-
barbital group at 72 h with a ratio of 2.43. The N-acetylation ratio of the plasma protein
adducts was relatively lower than that of the hemoglobin adducts. The level of the plas-
ma protein adduct increased more rapidly than the hemoglobin adducts in all experimen-
tal groups regardless of the pretreatment, and decreased rapidly after reaching the maxi-
mum level.

Conclusion: The above results indicate that ethanol and phenobarbital increased the
level of plasma protein adduct formation. The plasma protein adducts tended to decrease
more rapidly than the hemoglobin adducts in the body after benzidine exposure. This
results in this study result suggests that the effects of ethanol or phenobarbital need to
be considered in the biochemical monitoring, and that the level of the plasma protein
adducts be a more proper biomarker than the hemoglobin adducts for assessing the short
term exposure to a benzidine and benzidine based dye.
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Fig. 1. Chromatogram of benzidine and monoacetylbenzidine by HPLC-ECD(two channel electrode)
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9} methanol(70:30) 2.2 3tar C18 H# (HAISIL
HL Cig. 5 #m, 250%4.6 mm, Higgins Analyti-
cal, Mountain View, California)2.2 ¥23}%]
TH(Fig. 1) 4ABPE ©1%87< 0.2% lithium chlo-
ride®} methanol(50 : 50)2.2 3tz C8 A
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Analytical, Mountain View, California)2.2 ¥
zo] 2oz BMSIH(Fig. 2). wehd Ar|sket
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= t2A e o] BZel Age HH#k(potential
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= 0.85 VoIt 7+ &9 A&EHAE v 4t
Jebd B A AT A (national institute for occupa-
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Fig. 2. Chromatogram of 4-aminobiphenyl by HPLC-ECD
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BZ-PBI®| 2% 0.541212 144A17bl| A = ol 2t
o] EtOH+# PBwET H34tH(P<0.05). 2t 3
A ZrA T2A A= EtOHT %& PBTo] thzx
THU 22 Agolger EtOHTS 6A13F, 94]
7t 12713F, 2473F, 4A8AIZEAIA RolEAl E=ska
PBT& 3A17F, 9A13F, 24413F, 48A1%F, T2A17b
A =3 HP0.05).

MABZ-PBI€] 7% 3A27HA = x| EtOH
T PBTETE =5k (P<0.05) 6AIZHEE 964
WA= EtOHT T PBFol dxFHU Hi
MABZ-PBI7} & 73|ttt EtOHT2 244]3F
a8]3 PBTE 12417, 24413k, 48A413F, T2A17b
A Fe)BhAl =k (P€0.05).
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PBe] di&wHt} =2 Aot
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o] EtOH¢} PB
oli7] fj3sle] Al
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Table 1. Plasma protein binding index of cleavage products by ethanol or phenobarbital pretreatment

24 hr before benzidine administration in rat

Time BZ-PBI' MABZ-PBI' 4ABP-PBI'

() control EtOH" PB” control EtOH PB control BZ-EtOH BZ-PB
0.5 9.57+1.482  2.476+2.476  5416+0.374"  4.198+0.776  0.459+0.464 2.016+0.239**  0.215+0.078 ND ND**

3 31.918+2.319  7.500£2.419  32.762£0.836™  8.847+2.262  5.284+0.968 7.854%1.293"  0.936+0.411 ND 0.298+0.096™
6 27.769+2.188  29.776+2.773 24.7508+2.270°  9.306£2.509  10.379+2.417 10.541+1.916  1.861£0.584 2.269+0.699 0.746+0.239*
9 17.139£1.587  26.050+2.506 24.226£2.593*"  10.650+2.051  13.929+1.236 13.925+3.866  0.596+0.184 3.560£1.022 2.999+0.862""
12 9.607£0.909  19.053+1.716 14.132+1.316™  11.918+1.933  14.819+1.109 16.175+3.734"  0.625+0.154  0.417+0.378 0.669+0.234
24 7.162+1.230  12.012+0.730 11.551£0.988"  13.398+1.040  16.545£1.051 20.582+2.591"  0.250£0.122  0.407£0.131  0.524+0.196
48 7.25141.337  9.980+0.549  10.485+0.870"*  15.398+1.974  15.449+1.232 21.619+2.713"™ 0.159+0.136  0.152+0.250 0.274+0.122
72 5.181£1.318  4.317£0.680  9.679£1.746™  13.516£2.726  10.601+1.540 23.534+3.451*"  0.102£0.091 0.238+0.228 0.322+0.346
9%  4.679+0.566  4.126+0.588  3.847+0.484 8.259+4.499  7.363+3.143  8.492£1.166  0.036%0.033  0.138x0.111

144 3.691£0.390  2.686+0.442  2.461+0.490°  4.676+1.754  2.342+1.150  2.155+0.952  0.063£0.035  0.030£0.053 ND***, p<0.01

' BZ-PBI : (mmole benzidine/g plasma protein)/(mmole benzidine/kg body weight)

' MABZ-PBI : (mmole monoacetylbenzidine/g plasma protein)/(mmole benzidine/kg body weight)

' 4ABP-PBI  : (mmole 4-aminobiphenyl/g plasma protein)/(mmole benzidine/kg body weight)
control ' no pretreatment, administration of 0.5 mmole benzidine/kg body weight only

' EtOH : pretreatment of 1 g EtOH/kg body weight

" PB. pretreatment of 80 mg phenobarbital/kg body weight

* P€0.05 ** P<0.01 by Kruskal-Wallis test of each group: ND: not detected: Mean+SD (N=5)
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Ratio of H-acetWalon
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Fig. 3.The ratio of N-acetylation(plasma protein binding index of monoacetylbenzidine / plasma protein

binding index of benzidine) by ethanol or phenobarbital pretreatment 24 hr before benzidine

administration in rat
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1) 2t 7£o| BZ-PBISt BZ-HBI2| H|m
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omn 7Hedhe A%E BZ-HBIRT BZ-PBI7L w2
A olFolxth. EtOHTY A$= Hu 3+ =9
AlZte] BZ-PBIE 6A17F, BZ-HBIE 2447kl A
Ueht zto]7}h 19l e BZ-PBIZE BZ-HBIR.TH i
2A faske Aol Y. PBT:E Hz BZ-
PBIE= 3AI7FA Yelhga BZ-HBIE 24A13tel A
Vel Be Atol7} 9lglem BZ-PBIZF BZ-HBIE
ot w2A AAskE Aol UATHFig. 4).
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°| MABZ-PBI2} MABZ-HBI2| H|1

MABZ-PBI®} MABZ-HBI= #x
= L_O] 48A1r0 7 ZJAIT Ha FE =
g = MABZ*PBI7} MABZ-HBI®.t} w24 7ha
S gro] ATt EtOHTE 22 gt

E—/I MABZ-HBI®} MABZ-PBI+= 25 T2A1%F
oA Hugzo]l Yehgou 7taE MABZ-PBIZE
MABZ-HBIEY w24 zraste ko] ATk
(Fig. 5).

3) Z+ 2| 4ABP-PBI2} 4ABP-HBI2| H|

) x=Fe] 4ABP-PBIE 0.5X%HE 283
4ABP-HBIE= 3AIZHE AEEATh. 1 4ABP-
PBIE 6A12tlM Uelga 4ABP-HBI= 48417t
A Yehgt Ha o] mEshe Al B zke|7t
AATH Hu FF =2 F 4ABP-PBI= w=2A 3
a3teE Aol AUt BZ-EtOHTel 4ABP-HBI
= 3AIZMRE a8]l3 4ABP-PBIE 6AIZMRE HE
H99tt. EtOHwel 1 4ABP-PBIE 9A1ZtellA
Yelyts 4ABP-HBIE 484174 Yehy Ha 5
ol mEete ARkl @ Aolzt dlon 4ABP-
PBI7} 4ABP-HBIXEt} w27 7+Ashs gke] 9l
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Fig. 4.The comparison of benzidine-plasma protein binding index(BZ-PBI) to benzidine-hemoglobin

binding index(BZ-HBI) after benzidine administration in rat
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Fig. 5.The comparison of monoacetylbenzidine-plasma protein binding index(MABZ-PBI) to monoacetyl-
benzidine-hemoglobin binding index(MABZ-HBI) after benzidine administration in rat
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W Ha FEd Egske ARl we Apelzt
o #Ha T2 % 4ABP-PBI= 4ABP-HBIX
o w2A Faidhe Aol A (Fig. 6).
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Fig. 6.The comparison of 4-aminobiphenyl-plasma protein binding index(4ABP-PBI) to 4-amino-
biphenyl-hemoglobin binding index(4ABP-HBI) after benzidine administration
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dolt}. olF FAEL ¥Rl ]E}(Junquelra et
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