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Abstract: The objective of this study was to evaluate the effects of pretreatment of ethanol
(EtOH) and phenobarbital (PB), which are known to affect the metabolism of xenobiotics, in the
formation of hemoglobin adducts in rats administered with benzidine (BZ) and Direct Black 38
(DB38). The experimental rats were divided into BZ and DB38 groups; each group was subdivided into control, EtOH, and PB groups. Blood samples were separated into hemoglobin and
plasma immediately after obtaining and basic hydrolysis was done to convert the adducts into
aromatic amines. Hydrolyzed BZ, monoacetylbenzidine (MABZ), and 4-aminobiphenyl (4ABP)
were separated by reversed-phase liquid chromatography without derivatization. Then, quantitative analyses were performed using a high performance liquid chromatograph equipped with
an electrochemical detector. The amount of metabolites was expressed in the hemoglobin binding index (HBI). As a result, the formations of hemoglobin in BZ-, MABZ-, and 4ABP-HBI
of BZ-EtOH and BZ-PB groups were increased compared with those of BZ-control group. In
DB38 group, all of HBIs except for BZ-HBI were increased more than those of DB38-control
group regardless of the pretreatment. These results are attributable to the fact that EtOH and
PB induced N-hydroxylation is related to the formation of hemoglobin adducts. They indicate
that EtOH not only increases the adduct formation by inducing N-hydroxylation but also induces
N-acetylation. PB induced N-hydroxylation and increased the adduct formation in BZ group,
but decreased the adduct formation in DB38 group due to decreasing azo reduction. These results
suggest that the effects of EtOH or PB should be considered in biochemical monitoring of BZ and
DB38 for the assessment of intermittent exposure to BZ and DB38.
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Introduction
Benzidine (BZ) has been known for a long time as a
carcinogen for bladder cancer. Recent studies also reported that the incidence of bladder cancer is higher in workers exposed to BZ compared to those who were not
exposed1–6). The Ministry of Labor in Korea and
American Conference of Governmental Industrial
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Hygienists (ACGIH) has confirmed BZ as an A1 human
carcinogen with no occupational exposure limit7, 8). Azo
dyes used widely as a raw material in the production of
fabric, food and cosmetics and are produced in the world
at 700,000 ton a year9). There are about 200 different
benzidine based azo dyes, which are used in many products including color paper, fabric, leather, rubber, plastic,
and fur10). BZ is a chemical substance absorbed through
the skin11) as Direct Blue 6 and Direct Black 38. A study
confirmed that BZ and its metabolites were excreted
through urine12).
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Biochemical assessment on exposure to organic compounds generally includes analyses on urine metabolites,
DNA adducts, and hemoglobin adducts13). The analysis
on hemoglobin adducts is very effective since it not only
shows the amount absorbed into the body but also can
evaluate individual metabolism characteristics14).
Furthermore, many studies reported that hemoglobin
adducts are useful in the evaluation of exposure15–17). The
Figure 1 shows that the formation process of adduct of
aromatic amine through combination with hemoglobin in
the body and degradation process of aromatic amine and
hemoglobin by hydrolysis in vitro.
Assessment over exposure is not possible through only
monitoring working environment for carcinogens that
people get exposed to intermittently at low concentrations
and could absorb through the skin such as BZ and DB38.
Hence, it is critical to find the optimal method of assessment for long-term exposure18). The major metabolites
of BZ include N-hydroxylation and N-acetylation. These
metabolites are formed simultaneously and thus, counteract competitively each other. N-acetylation plays the role
of detoxification since it lowers the concentration of N-

hydroxyamine, which is a substance that induces genetic
toxicity, through the metabolism of amines19). Thus, studies reported that the incidence of bladder cancer is high
when N-acetylation is low20–22). Benzidine azo dye is
absorbed through the body through a different BZ metabolic process. After this dye initially dissociates into BZ
after azo reduction, it goes through N-hydroxylation and
N-acetylation. Ethanol (EtOH) that workers get exposed
to frequently due to their drinking habits would inhibit or
induce oxidation23). and could increase N-acetylation
when present together with aromatic amine24). On the
other hand, phenobarbital (PB) was reported to induce
oxidation but inhibit the activity of azo-reductase25).
It is important to evaluate how adduct formation
changes due to substances affecting on N-hydroxylation,
N-acetylation and azo reduction in order to realize biological monitoring using hemoglobin adducts. In addition, the amount of adduct formed by DB38 could be different when it is exposed to BZ at the same molar amount
since DB38, which is the most typical benzidine-based
dye, goes through the BZ metabolism pathway after azo
reduction26). Although many studies were done on hemoglobin adducts of BZ and azo dye27–29), there has not been
a study on comparing BZ and azo dye at the same time
or evaluating the effects of exposure to these chemicals
at the same time. Especially, the simultaneous experiment is necessary to assess the effect degree of ethanol
and phenobarbital on azo reduction of DB38 if considering that airborne exposure of BZ and DB occurred at the
same time in case of manufacturing or treating the dye.
The purpose of the present study was to evaluate the
effects of hemoglobin adduct formation and N-acetylation
with time and effects of DB38 on azo reduction in order
to assess the effects of EtOH and PB as positive control
on hemoglobin adducts formed with the administration of
BZ and DB38 in rats.

Materials and Methods

Fig. 1. Reaction which take place in erythrocytes when
exposed to aromatic amine.

Experimental groups and doses
The experimental rats were divided into the benzidine
group (BZ group) and Direct Black 38 group (DB38
group). Each of these two groups was further subdivided into EtOH pretreatment group (EtOH group), PB pretreatment group (PB group) and control group with no
pretreatment. Thus, total 6 groups were investigated and
each group included 50 male Sprague-Dawley rats
between 7 to 8 wk old weighing 230 ± 10 g. The pretreatment dose of EtOH was 1 g/kg body weight, which
was 1/10 of the oral LD50 of 10.81 g/kg body weight in
rats30). The pretreatment dose of PB was 80 mg/kg body
weight. EtOH and PB diluted in distilled water at
10 ml/kg body weight were orally administered once 24 h
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before the administration of BZ and DB38. Only distilled
water was administered to the rats in the control group at
this time. DB38 was administered orally by dissolving
in 1,2-propanediol (Sigma, St. Louis, Missouri) by referring to the one-time oral dose of BZ to compare with the
results of hemoglobin adduct formation due to BZ administration. Based on the previous report of Birner et al.27),
oral dose of BZ per one time was administered with
0.5 mmol BZ/kg body weight. The DB38 was also
administered with same oral dose of BZ in order to objectively compare the difference in adduct formation between
BZ and DB38.
Blood samples were obtained from the vena cava from
5 rats in each group before the oral administration of BZ
and DB38; 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 using
heparin treated syringes. RBC were separated immediately after taking blood sample.
Experimental process
Preparation of blood and hydrolysis of hemoglobin
adducts were done according to the methods suggested by
Sabbioni and Neumann (1990)16). After recovering BZ,
monoacetylbenzidine (MABZ), and 4-aminobiphenyl
(4ABP), the analysis was done using a reversed-phase
high performance liquid chromatograph (HPLC; Gilson
715 System, GILSON, Villier le Bel, France) equipped
with an electrochemical detector (ICA-5212, TOA
Electronics, Tokyo, Japan). The column equipped in the
HPLC was HAISIL HL C18 (5 µm, 250 × 4.6 mm) and
its operation temperature was 35˚C. The mobile phase of
BZ and MABZ was Lithium chloride: Methanol (70 : 30)
and the mobile phase of 4ABP was 0.2% Lithium chloride: Methanol (50 : 50). The potential values of electrochemical detector were set to 0.65V for BZ, 0.75V for
MABZ and 0.85V for 4ABP, respectively. The detection
limit was 1.82 ng/ml in BZ, 1.54 ng/ml in MABZ and
0.2 ng/ml in 4ABP, respectively.
The analysis results were expressed with the hemoglobin binding index (HBI) to compare hemoglobin adducts
of BZ, MABZ, and 4ABP at the same conditions. HBI
was applied to objectively compare each hemoglobin
adduct formed through administering BZ and DB38 with
same dose under same condition and to assess the effect
of EtOH and PB on azo reduction as a function of time.
The HBI was the value obtained by dividing the number
of mmol of BZ, MABZ, and 4ABP bind to 1 mol of
hemoglobin by the amount of BZ or DB38 administered
and its simplified formula is as follows.
HBI (hemoglobin adduct/amount administered)
= (mmol cleavage product/mol hemoglobin)
/ (mmol benzidine or Direct Black 38/kg body weight)

385

We assessed the ratio of N-acetylation with time in
order to determine how N-acetylation of hemoglobin
adducts changes due to EtOH and PB. The ratio of Nacetylation was obtained by dividing MABZ-HBI by BZHBI29). We assessed the HBI ratio of DB38 group by
HBI of BZ group with time in order to determine the relative effects of EtOH and PB on azo reduction when
DB38 and BZ were administered at the same oral dose
(0.5 mmol/kg). Kruskal-Wallis test was performed to
determine whether a difference was present in the amount
of BZ, MABZ, and 4ABP bind to hemoglobin in EtOH
group, PB group and control group with time. We used
Tukey test, which is the multiple comparison method of
ANOVA, after converting the resulting values in the order
to determine the difference with each group.

Results
Effects of ethanol and phenobarbital on hemohglobin
adducts
Effects of ethanol and phenobarbital in BZ group
No hemoglobin adduct was detected in the samples
obtained before the administration of BZ. Table 1 shows
BZ-HBI, MABZ-HBI, and 4ABP-HBI with time in BZcontrol group, BZ-EtOH group, and BZ-PB group. Other
than at 0.5 h, BZ-HBI was higher until 6 h in BZ-control group compared with in BZ-EtOH group and BZ-PB
group. It was significantly higher in BZ-control group at
3 h, and in BZ-control group and BZ-EtOH group at 6 h
(p<0.05). However, after 9 h, the average BZ-HBI was
higher in BZ-EtOH group and BZ-PB group compared
with BZ-control group. Significantly high BZ-HBI values were seen at 12 h and 144 h in BZ-EtOH group; and
at 12 h, 48 h, 72 h, 96 h, and 144 h in BZ-PB (p<0.05).
Other than at 0.5 h, MABZ-HBI was higher in BZ-control group until 6 h and was significantly high at 3 h
(p<0.01). However, higher average MABZ-HBI values
were seen after 9 h in BZ-EtOH group and BZ-PB group
compared with BZ-control group. These values were significantly high in BZ-EtOH group at 48 h and in BZ-PB
group at 72 h (p<0.05). 4ABP-HBI could not be obtained
at 0.5 h in all groups. The average 4ABP-HBI value was
higher after 9 h in BZ-EtOH group and BZ-PB group
compared with BZ-control group. Compared with other
groups, this value was significantly high in BZ-EtOH
group at 12 h, 24 h, 72 h, 96 h, and 144 h; and in BZPB group at 3 h, 6 h, 9 h, 12 h, and 24 h (p<0.05).
Effects of ethanol and phenobarbital in the Direct Black
38 administered group
No hemoglobin adduct was detected in blood samples
obtained before the administration of DB38. Table 2
shows BZ-HBI, MABZ-HBI, and 4ABP-HBI with time
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Hemoglobin binding index of cleavage product by ethanol or phenobarbital pretreatment 24 h before benzidine administration in rat
BZ-HBI

Time
(h)

BZ-control

BZ-EtOH

0.5

0.04 ± 0.02

0.070 ± 0.01

3
6
9
12
24
48
72
96

0.38 ± 0.01
0.43 ± 0.03
0.57 ± 0.06
0.63 ± 0.08
1.18 ± 0.49
0.66 ± 0.09
0.58 ± 0.070
0.49 ± 0.04

0.14 ± 0.04
0.40 ± 0.02
0.61 ± 0.09
1.02 ± 0.19
1.29 ± 0.42
0.84 ± 0.130
0.65 ± 0.02
0.56 ± 0.07

144

0.24 ± 0.04

0.47 ± 0.03

MABZ-HBI
BZ-PB

4ABP-HBI

BZ-control

BZ-EtOH

BZ-PB

BZ-control

BZ-EtOH

0.03 ± 0.01*

0.91 ± 0.18

1.21 ± 0.22

1.02 ± 0.22

ND

0.18 ± 0.02**
0.31 ± 0.02**
0.61 ± 0.26
1.07 ± 0.31*
1.63 ± 0.45
1.62 ± 0.26**
1.26 ± 0.81**
0.91 ± 0.17**

7.10 ± 1.72
10.71 ± 4.97
12.99 ± 5.07
15.81 ± 4.02
20.02 ± 4.59
35.77 ± 5.50
29.14 ± 7.42
22.22 ± 7.22

3.10 ± 0.73
9.09 ± 1.79
15.33 ± 5.53
20.40 ± 4.05
31.95 ± 9.74
50.01 ± 8.33
32.69 ± 8.02
30.90 ± 9.89

6.39 ± 1.53**
10.72 ± 1.70
13.09 ± 1.29
18.75 ± 4.37
24.70 ± 7.14
38.90 ± 5.01*
46.37 ± 5.01*
36.77 ± 9.49

0.23 ± 0.08
0.55 ± 0.12
0.54 ± 0.09
0.82 ± 0.17
0.64 ± 0.11
2.42 ± 0.20
1.71 ± 0.19
1.13 ± 0.16

0.13 ± 0.70
0.47 ± 0.07
0.91 ± 0.16
1.18 ± 0.16
1.90 ± 0.20
2.78 ± 0.28
2.27 ± 0.30
1.68 ± 0.170

0.31 ± 0.08*
0.77 ± 0.13*
1.37 ± 0.18**
1.53 ± 0.29**
2.36 ± 0.41**
4.32 ± 1.24
2.39 ± 1.00*
1.22 ± 0.17**

0.59 ± 0.21**

12.70 ± 3.92

13.88 ± 3.38

15.69 ± 2.29

0.59 ± 0.13

1.56 ± 0.19

1.19 ± 0.17**

ND

BZ-PB
ND

BZ: benzidine; MABZ: monoacetylbenzidine; 4ABP: 4-aminobiphenyl;
HBI: hemoglobin binding index=(mmol cleavage product/mol hemoglobin)/(mmol benzidine/kg body weight);
BZ-control: no pretreatment, administration of 0.5 mmol benzidine/kg body weight only;
BZ-EtOH: pretreatment of 1 g EtOH/kg body weight;
BZ-PB, pretreatment of 80 mg phenobarbital/kg body weight;
*p<0.05 **p<0.01 by Kruskal-Wallis test; ND: not detected; Mean ± SD (N=5).
Table 2. Hemoglobin binding index of cleavage product by ethanol or phenobarbital pretreatment 24 h before Direct Black 38 administration in rat
DB38-HBI
Time
(h) DB38-control
0.5
3
6
9
12
24
48
72
96
144

ND

DB38-EtOH

MABZ-HBI
DB38-PB

DB38-control DB38-EtOH

4ABP-HBI
DB38-PB

DB38-control DB38-EtOH

ND

ND

0.04 ± 0.04

0.04 ± 0.03

0.04 ± 0.04

ND
ND
0.01 ± 0.01
0.16 ± 0.03
0.58 ± 0.09
0.21 ± 0.15
0.20 ± 0.15
0.10 ± 0.08

ND
ND
ND
0.11 ± 0.04
0.12 ± 0.05
0.10 ± 0.05
0.07 ± 0.06
0.02 ± 0.01

0.04 ± 0.04
0.04 ± 0.05
0.09 ± 0.12
0.87 ± 0.35
1.68 ± 0.15
0.52 ± 0.28
0.49 ± 0.15
0.26 ± 0.08

0.06 ± 0.07
0.07 ± 0.09
0.15 ± 0.15
1.10 ± 0.51
6.68 ± 4.31
0.95 ± 0.22
0.52 ± 0.21
0.56 ± 0.12

0.06 ± 0.06
0.05 ± 0.05
0.10 ± 0.11
0.90 ± 0.59
3.31 ± 1.87
1.00 ± 0.16*
0.84 ± 0.06*
0.64 ± 0.13**

ND
0.01 ± 0.01
0.03 ± 0.02
2.41 ± 0.47
2.78 ± 0.21
1.98 ± 0.42
1.13 ± 0.20
0.14 ± 0.03

0.13 ± 0.15
ND**
0.14 ± 0.02
ND**
0.13 ± 0.02
0.01 ± 0.01**
8.89 ± 1.31 2.767 ± 0.43**
13.10 ± 1.53 6.27 ± 0.90**
11.48 ± 1.46 2.38 ± 0.43**
1.55 ± 0.31
1.97 ± 0.39**
1.05 ± 0.18
0.84 ± 0.17**

0.03 ± 0.04 0.04 ± 0.06

0.01 ± 0.04

0.12 ± 0.11

0.16 ± 0.14

0.14 ± 0.16

0.10 ± 0.06

0.67 ± 0.13

ND
ND
ND
0.19 ± 0.13
0.430 ± 0.34
0.08 ± 0.05
0.05 ± 0.04
0.03 ± 0.05

ND

ND

DB38-PB
ND

0.01 ± 0.01**

DB38: direct black 38; MABZ: monoacetylbenzidine; 4ABP: 4-aminobiphenyl;
HBI: hemoglobin binding index=(mmol cleavage product/mol hemoglobin)/(mmol Direct Black 38/kg body weight);
DB38-control: no pretreatment, administration of 0.5 mmol Direct Black 38/kg body weight only;
DB38-EtOH: pretreatment of 1 g EtOH/kg body weight;
DB38-PB, pretreatment of 80 mg phenobarbital/kg body weight;
*p<0.05 **p<0.01 by Kruskal-Wallis test; ND: not detected; Mean ± SD (N=5).

in DB38-control group, DB38-EtOH group and DB38-PB
group (Table 2). BZ-HBI could not be obtained in DB38control group and DB38-PB group at 9 h; and in DB38EtOH group at 6 h. This value was high in DB38-control group only at 12 h. At all other times, the average
BZ-HBI value was higher in DB38-EtOH group. Other
than 0.5 h, the MABZ-HBI value was higher at all other
times in DB38-EtOH group and DB38-PB group compared with DB38-control group. This value was significantly high in DB38-EtOH group at 48 h and 96 h; and
in DB38-PB group at 48 h, 72 h, and 96 h (p<0.05).
4ABP-HBI could not be obtained in DB38-control group

until 3 h, in DB38-EtOH group until 0.5 h, and in DB38PB group until 6 h. Other than at 72 h, the average 4ABPHBI value was higher in DB38-EtOH group and DB38PB group at all times compared with DB38-control group.
This value was significantly high at 3 h, 6 h, 9 h, 12 h,
24 h, 48 h, 96 h, and 144 h in DB38-EtOH group; and
at 24 h, 72 h, and 96 h in DB38-PB group (p<0.01).
Effects of ethanol and phenobarital on N-acetylation
Changes of N-acetylation in BZ group
Although the ratio of N-acetylation was between 16.92
to 25.02 between 0.5 h to 24 h in BZ-control group, it
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increased significantly after 24 h with the highest value
of 54.15 at 48 h. The ratio of N-acetylation showed no
significant changes in BZ-EtOH group with the value
being between 17.37 to 25.08 between 0.5 to 24 h.
However, it increased significantly after 24 h with the
highest value being 59.41 by 48 h. This N-acetylation
ratio was higher in BZ-PB group at 0.5 h, 3 h, and 6 h
compared with BZ-control group and BZ-EtOH group.
Contrarily, this ratio was lower in BZ-PB group after 24 h
compared with BZ-control group and BZ-EtOH group
with the highest ratio being 40.28 at 96 h (Fig. 2).
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Changes of N-acetylation in DB group
The highest ratio of N-acetylation was 10.30 at 72 h in
DB38-control group; was 11.56 at 24 h in DB38-EtOH
group; and was 28.03 at 24 h in DB38-PB group (Fig. 3).
Effects of ethanol and phenobarbital on azo reduction of
DB 38
The cases that any HBI was not detected in DB38 group
and BZ group were not presented in Table 3. Since the
BZ-HBI ratio and MABZ-HBI ratio in control group,
EtOH group and PB group (HBI in DB38 group/HBI in
BZ group) was lower than 1 at all times, hemoglobin

Fig. 2. The ratio of N-acetylation (monoacetylbenzidine-hemoglobin binding index/benzidine-hemoglobin binding index) by ethanol or Phenobarbital pretreatment 24 h before benzidine administration in rat.

Fig. 3. The ratio of N-acetylation (monoacetylbenzidine-hemoglobin binding index/benzidine-hemoglobin binding index) by ethanol or Phenobarbital pretreatment 24 h 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 h before benzidine or Direct Black 38 administration in rat
Control

EtOH

Time
(h)

BZ

MABZ

4ABP

BZ

MABZ

0.5

-

0.0471

-

-

3
6
9
12
24
48
72
96

0.3035
0.3605
0.1271
0.0813
0.0643

0.0050
0.0033
0.0072
0.0548
0.0841
0.0146
0.0167
0.0118

0.0236
0.0597
2.9604
4.3448
0.8158
0.6619
0.1224

0.0058
0.1567
0.4474
0.2453
0.3111
0.1869

144

0.1218

0.0094

0.1637

0.0865

PB
4ABP

BZ

MABZ

4ABP

0.0295

-

-

0.0375

-

0.0184
0.0078
0.0097
0.0540
0.2091
0.0189
0.0158
0.0183

1.0026
0.2979
0.1457
7.5592
6.9051
4.1363
0.6830
0.6290

0.1058
0.0724
0.0632
0.0541
0.0263

0.0095
0.0049
0.0076
0.0480
0.1340
0.0259
0.0181
0.0173

0.0005
1.8118
2.6533
0.5499
0.8210
0.6825

0.0112

0.4262

0.0088

0.0088

0.0110

HBI: hemoglobin binding index=(mmol cleavage product/mol hemoglobin)/(0.5 mmol benzidine or Direct Black 38/kg
body weight); Control: no pretreatment; EtOH: pretreatment of 1 g 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 group’s benzidine-HBI; MABZ: 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.

adducts were formed less when DB38 was administered
compared to when BZ was administered regardless of pretreatment. Especially, the MABZ-HBI ratio was relatively lower compared with the BZ-HBI ratio. However,
the 4ABP-HBI ratio was higher than 1 in DB38-control
group at 12 h and 24 h; in DB38-EtOH group at 3 h,
12 h, 24 h, and 48 h; and in DB38-PB group at 12 h and
24 h, indicating that formation of hemoglobin adducts in
DB38 group was more than in BZ-control, BZ-EtOH and
BZ-PB groups (Table 3).

Discussion
Biological monitoring using hemoglobin adducts is
being used in ethylene31, 32), propylene oxide33), acrylamide34), vinyl chloride35), and benzo(a)pyrene36, 37).
Active studies are being conducted on hemoglobin
adducts of nitrosoamine and 4-aminobiphenyl which are
related with smoking38, 39). Aromatic amines oxidize into
arylhydroxyamine through N-oxidation when absorbed
into the body.
Arylhydroxyamine is converted to
nitrosoaren due to oxidation reaction. Nitrosoaren then
produces sulfinic acid amide by binding with -SH group
of glutathione or -SH group of hemoglobin cysteine29).
DB38 shows color due to azo bonding(-N=N-) and is
synthesized through coupling with azo compounds. The
resulting dye is non-volatile and very stable at room40).
However, when the diazo linkage of dye is broken by an
enzyme41) or heat42), it converts to an aromatic amine.
Dye goes through BZ metabolic process by azo reduction
within the body with studies detecting BZ, MABZ and
DABZ in urine of DB38 exposed workers43–45). We also

confirmed BZ and its metabolites binding with hemoglobin after oral administration of DB38 in rats in the present study. There has not been a study on comparing BZ
and azo dye at the same time or evaluating the effects of
exposure to these chemicals at the same time.
Aromatic amines go through N-hydroxylation in order
to bind with hemoglobin. N-hydroxylation is the process
in which OH-group is added to amine group46) and CYP450 plays a major role during this process47–51). CYP
1A1 and 1A2 are the enzymes that are involved in Nhydroxylation of BZ. These enzymes are inhibited by αnaphthoflavone, ellipticine50), furafylline52, 53), and 6methyl-1,3,8-trichlorodibenzofuran54) and induced by βnaphthoflavone55, 56), 2,3,7,8-tetrachlorodibenzo-p-dioxine54), and triethylphosphorothioate57).
Other than at 3 h and 6 h, the average BZ-HBI was
higher in BZ-EtOH group and BZ-PB group compared
with BZ-control group. Furthermore, MABZ-HBI was
high at all times except at 3 h and 4ABP-HBI was high
at all times. We believe that these results were due to
EtOH23, 58). and PB25) inducing CYP-450, which participates in N-hydroxylation, increasing hemoglobin adducts
formed at the time of BZ administration. The average
BZ-HBI formed due to the administration of DB38 was
relatively high at all times after 9 h except at 12 h in
DB38-control group and at 12 h in DB38-EtOH group.
However, unlike BZ-PB group, the average BZ-HBI was
lower at 12 h, 24 h, and 144 h in DB38-PB group compared with DB38-control group due maybe to PB not only
activating N-hydroxylation but also inhibiting azo reduction59), which is the initial metabolism process of DB38.
Other than at 0.5 h, the average MABZ-HBI in DB38-
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EtOH group and DB38-PB group was higher compared
with in DB38-control group. The average 4ABP-HBI was
also high at all times compared with DB38-control group.
As in the case of BZ group, these results were probably
due to EtOH and PB increasing hemoglobin adducts with
the administration of DB38.
N-acetylation plays the role of increasing solubility by
adding acetate group into nitrogen and oxygen in aromatic
amine or hydroxyamine60). We relatively evaluated the
ratio of N-acetylation by dividing MABZ-HBI by BZ-HBI
in order to assess N-acetylation occurring in hemoglobin
adducts. The N-acetylation ratio was the highest in BZcontrol group with 54.15 at 48 h, in BZ-EtOH group with
59.41 at 48 h, and in BZ-PB group with 40.28 at 96 h.
A study reported that N-acetylation increases when
exposed to EtOH together with aromatic amines23, 57).
We could not find any significant difference in the ratio
of N-acetylation although MABZ-HBI in BZ-EtOH group
was actually higher than MABZ-HBI in BZ-control group
due to BZ-HBI in BZ-EtOH group relatively larger than
BZ-HBI in BZ-control group since EtOH increased Nhydroxylation and N-acetylation about the same
rates23, 24). BZ-PB group showed a relatively smaller ratio
of N-acetylation after 24 h compared with that in BZ-control group. However, we could not simply conclude that
N-acetylation occurred less in BZ-PB group since BZHBI in BZ-PB group was relatively larger than BZ-HBI
in BZ-control group after 24 h.
The N-acetylation ratio in DB38-control group was the
highest at 72 h with 10.30; in DB38-EtOH group at 24 h
with 11.56; and in DB38-PB group at 24 h with 28.03.
When the N-acetylation ratio was compared between BZ
group and DB38 group, it was relatively small in DB38control, -EtOH, and -PB groups compared with BZ-control, -EtOH, and -PB groups. The ratio of N-acetylation
in DB38-PB group was higher than in DB38-control and
DB38-EtOH groups since azo reduction of DB38 was
inhibited due to PB58) according to relatively smaller BZHBI in DB38-PB group compared with BZ-HBI in DB38control and DB3-EtOH group. The ratio of N-acetylation
was more than 1 in BZ-control, -EtOH, and -PB groups
and in DB38-control, -EtOH and -PB groups at all times,
showing that MABZ-HBI was higher than BZ-HBI. This
result confirmed that 4-nitroso-4’-N-acetylbiphenyl is
formed the most within RBC when exposed to BZ or
DB38.
Amines with one amine group such as aniline and
4ABP are more useful when acetylation can be explained
in the evaluation of exposure to hemoglobin adducts17)
since the risk for bladder cancer increases when Nhydroxylation increases competitively due to slowly progressing N-acetylation61, 62). However, it is difficult to
explain for toxicity and solubility only with N-acetylation
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because deacetylation and N-acetylation occur at the same
time in amines with more than 2 amine groups such as
BZ29). The rate of N-acetylation progression differs significantly according to races. N-acetylation progresses the
fastest in Asians, followed by Blacks and Caucasians
showing the slowest N-acetylation17).
We determined how much of DB38 was metabolized
by going through BZ by azo reduction within the body
by comparing BZ and HBIs of its metabolites in DB38
and BZ groups. For this purpose, we assessed the ratio
of HBI in DB38 group divided by HBI in BZ group. BZHBI ratio and MABZ-HBI ratio in DB38 group were less
than 1 at all times of observation regardless of pretreatment. Especially, MABZ-HBI ratio was relatively lower
than BZ-HBI ratio, suggesting that DB38 was absorbed
into the body and goes through only part of BZ metabolism process. When Direct Red 46, which was an azo
dye similar to DB38, was administered in rats, the results
showed that BZ formed hemoglobin adducts at low concentrations28), similar to the result shown in the present
study. However, 4ABP-HBI was higher than 1 in DB38control group at 12 h and 24 h; in DB38-EtOH group at
3 h, 12 h, 24 h, and 48 h; and in DB38-PB group at 12 h
and 24 h, with the formation at higher concentrations
compared with BZ group. These results were similar to
the study done by Birner et al. (1990)27) who used the
BZ azo dye, Direct Black 29. This cause could not be
explained clearly since the mechanism of 4ABP production with BZ metabolites has not been elucidated64), needing further studies in the future.
When same doses of BZ were administered according
to BZ azo dyes in dogs that have a similar carcinogenesis mechanism as humans, the results showed that the
amount of urinary BZ was less BZ administered with the
administration of Direct Black 4 and Direct Red 28 but
was similar with the administration of Direct Green 1 and
Direct Orange 864). Direct Brown showed more urinary
BZ compared with BZ group65). Therefore, it is difficult
to apply the study result that hemoglobin adducts produced through the exposure to DB38 was less than hemoglobin addcuts produced through the exposure to BZ in
all BZ dyes.
The concentration of hemoglobin adducts was very low
24 h after the azo dye Direct Red 46 and the azo pigment
Yellow 17 were administered in Wistar rats, with especially low concentration in the less carcinogenic Yellow
17 pigment28). When hemoglobin adducts were measured
24 h after the oral administration of BZ and 3,3´dichlorobenzidine at 0.2 mmol each in Wistar rats, the
results showed that hemoglobin adducts formed very little with the administration of less carcinogenic 3,3´dichlorobenzidine compared with BZ29), indirectly
explaining the toxicologic significance of hemoglobin
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adducts.
Because BZ and DB38 were orally administered, a limit
of this study was that a difference could be present in the
absorption and adduct formation in workers at actual work
sites who absorb these chemicals through the respiratory
system and skin. Furthermore, N-acetylation occurs faster
in the experimental animal Sprague-Dawley rats compared with other rats66). and adduct formation is different according to the type of experimental animals67).
Therefore, MABZ-HBI could have been higher in our
study compared with other studies. Although BZ causes
bladder cancer in humans6), it causes liver cancer in mice
and rats68). However, the results more applicable to
humans could be obtained when studies are to be conducted in dogs since BZ causes bladder cancer in dogs
who have similar levels of N-acetylation as in people69).

Conclusion
The formations of hemoglobin in BZ-, MABZ-, and
4ABP-HBI of BZ-EtOH and BZ-PB groups were
increased compared with those of BZ-control group. In
DB38 group, all of HBIs except for BZ-HBI were
increased more than those of DB38-control group regardless of the pretreatment. These results are attributable to
the fact that EtOH and PB induced N-hydroxylation is
related to the formation of hemoglobin adducts. They
indicate that EtOH not only increases the adduct formation by inducing N-hydroxylation but also induces Nacetylation. PB induced N-hydroxylation and increased
the adduct formation in BZ group, but decreased the
adduct formation in DB38 group due to decreasing azo
reduction. These results suggest that the effects of EtOH
or PB should be considered in biochemical monitoring of
BZ and DB38 for the assessment of intermittent exposure
to BZ and DB38.

References
1) Case RAM, Hosker MW, McDonald DB, Pearson JT
(1954) Tumors of the urinary bladder in workmen
engaged in the manufacture and use of certain dyestuff
intermediates in the British chemical industry. Bri J Ind
Med 11, 75–104.
2) Zavon MR, Hoegg U, Bingham E (1973) Benzidine
exposure as a cause of bladder tumors. Arch Environ
Health 27, 1–7.
3) Doll R, Peto R (1981) The causes of cancer: quantitative estimates of avoidable risks of cancer in the United
States today. J Natl Cancer Inst 66, 1191–308.
4) Meigs JW, Marrett LD, Ulrich FU, Flannery JT (1986)
Bladder tumor incidence among workers exposed to
benzidine: a thirty-year follow-up. J Natl Cancer Inst
76, 1–8.

KY KIM et al.
5) Bi W (1992) Mortality and incidence of bladder cancer
in benzidine exposed workers in China. Am J Ind Med
21, 481–9.
6) Bulbulyan MA, Figgs LW, Zahm SH, Savitskaya T,
Goldfarb A, Astashevsky G, Zaridze D (1995) Cancer
incidence and mortality among beta-naphthylamine and
benzidine dye workers in Moscow. Int J Epidemiol 24,
266–75.
7) The Korean Ministry of Labor (2008) Exposure limit
value of hazardous substances. No. 97–65.
8) American Conference of Governmental Industrial
Hygienists (2008) Threshold Limit Values and
Biological Exposure Indices for 2008, ACGIH,
Cincinnati.
9) Keck, A, Klein J, Kudlich M, Stolz A, Knackmuss MR
(1997) Reduction of azo dyes by redox mediators originating in the naphthalenesulfonic acid degradation pathway of sphingomonas sp. strain BN6. Appl Environ
Microbiol 63, 3684–9.
10) Clayson DB (1976) Benzidine and 2-naphtylamine —
Voluntary substitution or technological alternatives. Ann
NY Acad Sci 271, 170–5.
11) Shah PV, Guthrie FE (1983) Dermal absorption of benzidine derivatives in rats. Bull Environ Contam Toxicol
31, 73–8.
12) Duuren BL (1980) Carcinogenicity of hair dye components. J Environ Pathol Toxicol 3, 237–51.
13) Pereira MA (1993) Hemoglobin binding as a dose monitor for human exposure to carcinogens and mutagens.
In: Biological Monitoring: an introduction, Que Hee SS
(Ed.), 332–8, Van Nostrand Reinhold, New York.
14) Neumann HG, Birner G, Kowallik P, Schutze D,
Zwirner-Baier I (1993) Hemoglobin adducts of N-substituted aryl compounds in exposure control and risk
assessment. Environ Health Perspect 99, 65–9.
15) Pereira MA, Chang LW (1981) Binding of chemical carcinogens and mutagens to rat hemoglobin. Chem Biol
Interact 33, 301–5.
16) Sabbioni G, Neumann HG (1990) Biomonitoring of arylamines: hemoglobin adducts of urea and carbamate pesticides. Carcinogenesis 11, 111–5.
17) Riffelmann M, Muller G, Schmieding W, Popp W,
Norpoth K (1995) Biomonitoring of urinary aromatic
amines and arylamine hemoglobin adducts in exposed
workers and nonexposed control persons. Int Arch
Occup Environ Health 68, 36–43.
18) Sepai O, Henschler D, Sabbioni G (1995) Albumin
adducts, hemoglobin adducts and urinary metabolites in
workers exposed to 4,4’-methylenediphenyl diisocyanate. Carcinogenesis 16, 2583–7.
19) Hein DW (1988) Acetylator genotype and arylamineinduced carcinogenesis. Biochem Biophys Acta 948,
37–66.
20) Badawi AF, Hirvonen A, Bell DA, Lang NP, Kadlubar
FF (1995) Role of aromatic amine acetyltransferase,
NAT1 and NAT2, in carcinogen-DNA adduct formation
in the human urinary bladder. Cancer Res 15, 5230–7.

Industrial Health 2009, 47, 383–392

HEALTH RISK OF BENZIDINE AND DIRECT BLACK 38
21) Stanley LA, Coroneos E, Cuff R, Hickman D, Ward A,
Sim E (1996) Immunochemical detection of arylamine
N-acetyltransferase in normal and neoplastic bladder. J
Histochem Cytochem 44, 1059–67.
22) Lang NP (1997) Acetylation as an indicator of risk.
Environ. Health Perspect 105, 763–6.
23) Neis JM, Brommelstroet BW, Van Gemert PJ, Roelofs
HM, Henderson PT (1985) Influence of ethanol induction on the metabolic activation of genotoxic agents by
isolated rat hepatocytes. Arch Toxicol 57, 217–21.
24) Svensson CK, Ware JA (1993) Effect of solvents on rat
liver cytosolic acetyl CoA: arylamine N-acetyltransferase activity in vitro. Res Commun Chem Pathol
Pharmacol 79, 121–4.
25) Corcos L, Marc N, Wein S, Fautrel A, Guillouzo A,
Pineau T (1998) Phenobarbital induces cytochrome
P4501A2 hnRNA, mRNA and protein in the liver of
C57BL/6J wild type and aryl hydrocarbon receptor
knock-out mice. FEBS Lett 425, 293–7.
26) NIOSH (1980) Special Occupational Hazard Review for
Benzidine-based Dyes. ACGIH, Cincinnati.
27) Birner G, Albrecht W, Neutmann HG (1990)
Biomonitoring of aromatic amines III: hemoglobin binding of benzidine and some benzidine congeners. Arch
Toxicol 64, 97–102.
28) Zwirner-Baier I, Neumann HG (1994) Biomonitoring of
aromatic amines IV: use of hemoglobin adducts to
demonstrate the bioavailability of cleavage products
from diarylide azo pigments in vivo. Arch Toxicol 68,
8–14.
29) Zwirner-Baier I, Neumann HG (1998) Biomonitoring of
aromatic amines V: acetylation and deacetylation in the
metabolic activaton of aromatic amines as determined
by hemoglobin binding. Arch Toxicol 72, 499–504.
30) Verschueren K (1983) Handbook of Environmental Data
of Organic Chemicals, 2nd Ed., 619, Van Nostrand
Reinhold, New York.
31) Farmer PB, Bailey E, Gorf SM, Tornqvist M, OstermanGolkar S, Kautiainen A, Lewis-Enright DP (1986)
Monitoring human exposure to ethylene oxide by the
determination of hemoglobin adducts using gas chromatography-mass spectrometry. Carcinogenesis 7,
637–40.
32) Tornquist M, Osterman-Golkar S, Kautiainen A, Jensen
S, Farmer PB, Ehrenberg L (1986) Tissue doses of ethylene oxide in cigarette smokers determination from
adduct levels in hemoglobin. Carcinogenesis 7,
1519–21.
33) Osterman-Golkar S, Bailey E, Farmer PB, Gorf SM,
Rickard J (1984) Monitoring exposure to propylene
oxide through the determination of hemoglobin alkylation. Scand J Work Environ Health 10, 99–102.
34) Bailey E, Farmer PB, Bird I, Lamb JH, Peal JA (1986)
Monitoring exposure to acrylamide by the determination of S-(2-carboxyethyl) cysteine in hydrolyzed hemoglobin by gas chromatography-mass spectrometry. Ann
Biochem 157, 241–8.

391

35) Osterman-Golkar S, Hultmark D, Segerback D,
Calleman CJ, Gothe R, Ehrenberg L, Wachtmeister CA
(1977) Alkylation of DNA and protein in mice exposed
to vinyl chloride. Biochem Biophys Res Commun 7,
259–66.
36) Skipper PL, Naylor S, Gan LS, Day BW, Pastorelli R,
Tannenbaum SR (1989) Origin of tetrahydrotetrols
derived from human hemoglobin adducts of
benzo[a]pyrene. Chem Res Toxicol 2, 280–1.
37) Weston A, Rowe ML, Manchester DK, Farmer PB,
Mann DL, Harris CC (1989) Fluorescence and mass
spectral evidence for the formation of benzo(a)pyrene
anti-diol-epoxide-DNA and hemoglobin adducts in
human. Carcinogenesis 10, 251–7.
38) Green LC, Skipper PL, Turesky RJ, Bryant MS,
Tannenbaum SR (1984) In vivo dosimetry of 4-aminobiphenyl in rats via a cysteine adduct in hemoglobin.
Cancer Res 44, 4254–9.
39) Bryant MS, Skipper PL, Tannenbaum SR, Maclure M
(1987) Hemoglobin adducts of 4-aminobiphenyl in
smokers and nonsmokers. Cancer Res 44, 601–8.
40) Gerber SM (1978) Substitutes for benzidine —New
structures, presented before the Southeastern Regional
Meeting. Am Chem Soc 9, 17–9.
41) Shinka T, Ogura H, Morita T, Nishikawa T, Fujinaga
T, Ohkawa T (1998) Relationship between glutathione
S-transferase M1 deficiency and urothelial cancer in dye
workers exposed to aromatic amines. J Urol 159, 380–3.
42) Kristin EA, George JH, Fred FK, John DP, Keith RK,
Kenneth FI, Rodney FM, Candee HT, Hsien-Chang C,
Martha VM, Peter G, Gary WB, Nicholas PL, Lisa AP
(1997) Metabolic activation of aromaic amines by
human pancreas. Carcinogenesis 18, 1083–92.
43) Martin CN, Beland FA, Roth RW, Kadlubar FF (1982)
Covalent binding of benzidine and N-acetylbenzidine to
DNA at the C-8 atom of deoxyguanosine in vivo and
in vitro. Cancer Res 42, 2678–86.
44) Elliot BM (1984) Azoreductase activity of sprague dawley and wistarderived rats towards both carcinogenic
and non-carcinogenic analogues of 4-dimethylaminophenyl azo benzene (DAB). Carcinogenesis 4,
1051–5.
45) Dewan A, Jani JP, Pater JS, Gandhi DN, Variya MR,
Ghodasara NB (1988) Benzidine and its acetylated
metabolites in the urine of workers exposed to direck
black 38. Arch Environ Health 43, 269–72.
46) Windmill KF, McKinnon RA, Zhu X, Gaedigk A, Grant
DM, McManus ME (1997) The role of xenobiotic
metabolizing enzymes in arylamine toxicity and carcinogenesis: functional and localization studies. Mutat
Res 376, 153–60.
47) Bois FY, Krowech G, Zeise L (1995) Modeling human
interindividual variability in metabolism and risk: the
example of 4-aminobiphenyl. Risk Anal 15, 205–13.
48) LaBella FS, Queen G (1995) Subanesthetic concentrations of durgs inhibit cytochrome P450-mediated metabolism of aniline. Eur J Pharmacol 293, 231–5.

392
49) Babu SR, Lakshmi VM, Huang GP, Zenser TV, Davis
BB (1996) Glucuronide conjugates of 4-aminobiphenyl
and its n-hydroxy metabolites. Biochem Pharmacol 51,
1679–85.
50) Lakshmi VM, Zenser NT, Hsu FF, Mattammal MB,
Zenser TV, Davis BB (1996) NADPH-dependent oxidation of benzidine by rat liver. Carcinogenesis 17,
1941–7.
51) Stillwell WG, Kidd LCR, Wishnok JS, Tannenbaum SR,
Sinha R (1997) Urinary excretion of unmetabolized and
phase II conjugates of 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine and 2-amino-3,8-dimethylimidazo[4,5-f] quinoxaline in humans: relationship to
cytochrome P4501A2 and n-acetyltransferase activity.
Cancer Res 24, 3457–64.
52) Boobis AR, Lynch AM, Murray S, Torre RDL, Solans
A, Farre M, Segura J, Gooderham NJ, Davies DS (1994)
CYP1A2-catalyzed conversion of dietary heterocyclic
amines to their proximate carcinogens is their major
route of metabolism in humans. Cancer Res 54, 89–94.
53) Lakshmi VM, Zenser TV, Davis BB (1997) Rat liver
cytochrome P450 metabolism of N-acetylbenzidine and
N,N’-diacetylbenzidine. Am Soc Pharmacol Exp Ther
25, 481–8.
54) Astroff B, Zacharewski T, Safe S, Arlotto MP,
Parkinson A, Levin W (1988) 6-Methyl-1,3,8trichlorodibenzofuran as a 2,3,7,8,-tetrachlorodibenzo-pdioxin antagonist: inhibition of the induction of rat
cytochrome P-450 isozymes and related monooxygenase
activities. Mol Pharmacol 33, 231–6.
55) Orzechowski A, Schrenk D, Schut HAJ, Bock KW
(1994) Consequences of 3-methylcholanthrene-type
induction for the metabolism of 4-aminobiphenyl in isolated rat hepatocytes. Carcinogenesis 15, 489–94.
56) Hsu FF, Lakshmi V, Rothman N, Bhatnager VK, Hayes
RB, Kashyap R, Parikh DJ, Turk J, Zenser T, Davis B
(1996) Determination of benzidine, N-acetylbenzidine,
and N,N’-diacetylbenzidine in human urine by capillary
gas chromatography/negative ion chemical ionization
mass spectrometry. Ann Biochem 234, 183–9.
57) Furukawa N, Nakanura H, Sato M, Suzuki Y (1987)
Induction of the hepatic microsomal cytochrome P-450
system by trialkyl phosphorothioatets in rats. Biochem
Pharmacol 36, 1291–6.
58) Elizabeth A, Lane SG, Markku L (1985) Effects on
ethanol on drug and metabolite pharmacokinetics. Clin

KY KIM et al.
Pharmacol 10, 228–47.
59) Zbaida S, Stoddart AM, Levine WG (1998) Studies on
the mechanism of reduction of azo dye carcinogens by
rat liver microsomal cytochrome P-450. Chem Biol
Interact 69, 61–71.
60) Lakshmi VM, Zenser TV, Goldman HD, Spencer GG,
Gupta RC, Hsu FF, Davis BB (1995) The role of acetylation in benzidine metabolism and DNA adduct formation in dog and rat liver. Chem Res Toxicol 8,
711–20.
61) Evans DAP, Eze LC, Whibley EJ (1983) The association of the slow acetylator phenotype with bladder cancer. J Med Genet 20, 330–3.
62) Birner G, Neumann HG (1988) Biomonitoring of aromatic amines II: Hemoglobin binding of monocyclic
aromatic amines. Arch Toxicol 62, 110–5.
63) Cerniglia CE, Zhou Z, Manning BW, Federle TW,
Heflich RH (1986) Mutagenic activation of the benzidine-based dye direct black 38 by human intestinalmicroflora. Mutat Res 175, 11–6.
64) Lynn RK, Donielson DW, Ilias AM, Kennish JM, Wong
K, Matthews HB (1980) Metabolism of bisazobiphenyl
dyes derived from benzidine, 3,3’-dimethylbenzidine or
3,3’-dimethoxybenzidine to carcinogenic aromatic
amines in the dog and rat. Toxicol Appl Pharmacol 56,
248–58.
65) Haley FJ (1975) A review of the literature and problems associated with the use of benzidine and its congeners. Clin Toxicol 8, 13–42.
66) Hein DW, Doll MA, Fretland AJ, Kevin G, Deitz AC,
Yi F, Wen J, Rustan TD, Satran SL, Wilkie TR (1997)
Rodent models of human acetylation polymorphism:
comparisons of recombinant acetyltrans-ferases. Mutat
Res 376, 101–6.
67) Sorsa M, Peltonen K, Anderson D, Demopoulos NA,
Neumann HG, Osterman-Golker S (1996) Assessment
of environmental and occupational exposures to butadiene as a model for risk estimation of petrochemical
emissions. Mutagenesis 11, 9–17.
68) Lakshmi VM, Bell DA, Watson MA, Zenser TV, Davis
BB (1995) N-acetylbenzidine and N,N’-diacetylbenzidine formation by rat and human liver slices exposed to
benzidine. Carcinogenesis 16, 1565–71.
69) Radomski JL (1979) The primary aromatic amines: their
biological properties and structure-activity relationships.
Annu Rev Pharmacol Toxicol 19, 129–57.

Industrial Health 2009, 47, 383–392

