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Effects of Ethanol and Phenobarbital on Hemoglobin Adducts Formation in
Rats Exposed to Direct Black 38

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

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

Objectives : To evaluate the effects on the formation of
benzidine-hemoglobin, and benzidine metabolite-hemoglobin
adducts, caused by pretreatment with the known xenobiotic
metabolism effectors, ethanol and phenobarbital, in rats
administered Direct Black 38 dye.

Methods : The experimental rats were divided into three groups:
a control group, an ethanol group and a phenobarbital group. Rats
were pretreated with ethanol (1g/kg) or phenobarbital (80mg/kg)
24 hours prior to the oral administration of Direct Black 38
(0.5mmol/kg), with the control group being administered the same
amount of distiled water. Blood samples were obtained from the
vena cava of 5 rats from each group prior t0, and at 30 min, 3h, 6
h,9h, 12 h, 24 h, 48 h, 72 h, 96 h, and 144 h following the oral
administration of Direct Black 38. Directly after sampling the blood
was separated into hemoglobin and plasma, with the adducts
being converted into aromatic amines by basic hydrolysis.
Hydrolyzed benzidiene, monoacetylbenzidine and 4-
aminobiphenyl were analyzed by reverse-phase liquid
chromatography with an electrochemicat detector. The quantitative
amount of the metabolites was expressed by the hemoglobin
binding index (HB1).

Results ; In the ethanol group, benzidine-, monoacetylben-
zidine-, and 4-aminobiphenyl-HB!l were increased to a greater
extent than those in the control group. These results were
aftributed to the ethanol inducing N-hydroxylation, which is related

to the formation of the hemoglobin adduct. In the phenobarbital
group, all the HBIs, with the exception of the benzidine-HBI, were
increased to a greater extent than those of the control group.
These results were attributed to the phenobarbital inducing N-
hydroxylation related to the formation of the hemoglobin adduct.
The N-acetylation ratio was only increased with the phenobarbital
pretreatment due to the lower benzidine-HBI of the phenobarbital
group compared to those of the control and ethanot groups. The
N-acetylation ratios for alt groups were higher than 1 for the
duration of the experimental period. Although the azo reduction
was unaffected by the ethanol, it was inhibited by the
phenobarbital, The ratio of the benzidine-HBI in the phenobarbital
group was lower than those of the ethanol the control groups for
the entire experiment.

Conclusion : Our results indicate that both ethanol and
phenobarbital increase the formation of adducts by the induction of
N-hydroxylation, but also induced N-acetylation. Phenobarbital
decreased the formation of benzidine-HBI due to the decrease of
the azo reduction. These results suggest that the effects of ethanol
and phenobarbital need to be considered in the biochemical
monitoring of Direct Black 38.
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Table 1. Operating condition of high performance liquid chromatograph for
benzidine,monoacetylbenzidine, 4-aminobiphenyl

Description

Condition

Column for BZ, MABZ

HAISIL HL Cis, 5 ¢m, 250 X 4.6 mm

(Higgins Analytical, Mountain View, California)

Column for 4ABP

HAISIL HL Gs, 5 ym, 250 X 4.6 mm

(Higgins Analytical, Mountain View, California)

Column temperature 35T
Mobile phase for BZ, MABZ
Mobile phase for 4ABP
Flow rate

Detection for BZ, MABZ
Detection for 4ABP

Injection Volume 20 4

0.2% Lithium chloride : Methanol (70 : 30)

0.2% Lithium chloride : Methanol (50 : 50)

1.1 ml/min

Electrochemical detector (potential 0.75V,0.65 V)
Electrochemical detector (potential 0.85 V)
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Table 2. Hemoglobin binding index of cleavage product by ethanol or phenobarbital pretreatment 24 hr before Direct Black

38 administration in rat

Time BZ-HBI' MABZ-HBI * 4ABP-HBI ¢

(hr) control" EtOH"' PB* control EtOH "PB control EtOH PB
0.5 ND ND ND 00430040 00360034 00380.039 ND ND ND

3 ND ND ND 00350038 0.0570.067 0.0610056 ND 0.1320.154 ND#**

6 ND ND ND 00350052 00710093 00530054 00130012 0.1400016 ND**

9 ND 0.004 0.005 ND 0.0940.123 0.1490.149 0.1000.107 00320021 0.1330022 0.0010.001%*
12 0.1920.132 0.1630.030 0.1130.038 0.8660.348 1.1010.506 0.9001 0.590 24120469 8.8931.310 2.76670.425%*
24 04270344 0.5780.093 0.1180.050 16830.146 6.6794305 3.3101.869 27840209 13.1031.531 6.2730.903**
48 0.0840053 0.2070.145 0.1030.053 05240279 09470219 1.0020.159* 19780415 114831456 23780428+**
72 00470039 0.2020.149 0.068 0.064 04860.149 05150211 0.841 0.064* 1.1300.201 1.5500.308 1.9650.389**
96 00320047 0.1040075 0.0240.008 02620075 05640.120 0.6360.130** 0.1383 0033 10540.176 0.8350.168**
144 00290044 0.0410061 0.0050036 0.1200.113  0.1560.141 0.1380.164 00960061 0.6670.126 0.0130.012**

' BZ-HBI: hemoglobin binding index=(mmole benzidine/mole hemoglobin)/(mmole DB38/kg body weight)
t MABZ-HBI: hemoglobin binding index=(mmole monoacetylbenzidine/mole hemoglobin)/(mmole DB38/kg body weight)
$4ABP-HBI: hemoglobin binding index=(mmole 4-aminobipheny}/mole hemoglobin)/(mmole DB38/kg body weight)

¥ control: no pretreatment, administration of 0.5 mmole Direct Black 38/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 groups ND: not detected; Mean SD (N=5)
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Figure 1. Benzidine-HBI by ethanol or phenobarbital pretreatment 24 hr before
Direct Black 38 administration in rat.
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Figure 2. Monoacetylbenzidine-HBI by ethanol or phenobarbital pretreatment 24
hr before Direct Black 38 administration in rat.
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Figure 3. 4-Aminobiphenyl-HBI by ethanol or phenobarbital pretreatment 24 hr
before Direct Black 38 administration in rat.
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Figure 4. The ratio of N-acetylation(monoacetylbenzidine-hemoglobin binding
index / benzidine-hemoglobin binding index) by ethanol or
phenobarbital pretreatment 24 hr before Direct Black 38 administration

in rat.
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Table 3. The ratio of Direct Black 38 group’ s HBI to benzidine group' s HBI by ethanol or phenobarbital pretreatment 24 hr
before benzidine or DB38 administration in rat

Time Control* EtOH PB?
(hr) BZ! MABZ! 4ABP! BZ MABZ 4ABP BZ . MABZ 4ABP
05 - 00471 - - 0.0295 - - 00375 -
3 - 0.0050 - - 00184 1.0026 - 0.0095 -
6 - 0.0033 0.0236 - 0.0078 0.2979 - 0.0049 -
9 - 0.0072 0.0597 0.0058 0.0097 0.1457 - 0.0076 0.0005
12 0.3035 0.0548 2.9604 0.1567 0.0540 7.5592 0.1058 0.0480 1.8118
24 0.3605 0.0841 43448 04474 0.2091 6.9051 00724 0.1340 26533
48 0.1271 00146 0.8158 0.2453 0.0189 4.1363 0.0632 00259 0.5499
72 0.0813 00167 0.6619 0.3111 00158 0.6830 00541 00181 08210
96 0.0643 0.0118 0.1224 0.1869 00183 0.6290 0.0263 00173 0.6825
144 0.1218 0.0094 0.1637 0.0865 00112 04262 0.0088 0.0088 0.0110

* Control: no pretreatment
! EtOH: pretreatment of 1g EtOH/kg body weight

* PB: pretrearment of 80 mg phenobarbital’kg body weight
$BZ: the ratio of Direct Black 38 group,s benzidine-HBI to benzidine groups benzidine-HBI
YMABZ: the ratio of Direct Black 38 group,s monoacetylbenzidine-HBI to benzidine group,s monoacetylbenzidine-HBI

* 4ABP: the ratio of Direct Black 38 group,s 4-aminobiphenyl-HBI to benzidine group,s 4-aminobiphenyl-HBI
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