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Midtrimester termination of pregnancy using gemeprost
in combination with laminaria in women who have
previously undergone cesarean section

Mana Obata-Yasuoka, Hiromi Hamada, Hideki Watanabe*, Rena Shimura,
Maki Toyoda, Hiroya Yagi, Kinuko Takeshima, Kanako Abe, Yoshiko Nakamura,
Tsuyoshi Ogura, Yutaka Fujiki and Hiroyuki Yoshikawa

Department of Obstetrics and Gynecology, Institute of Clinical Medicine, Graduate School of Comprehensive Human Sciences,” J
University of Tsukuba, Tsukuba, Japan

Abstract

Aim: We aimed to assess the efficacy and safety of midtrimester termination of pregnancy using gemeprost in
combination with laminaria in women who had previously undergone cesarean section and in women who
had not.

Methods: Between January 1999 and December 2006, we carried out a retrospective study of termination of
pregnancy at 12-21 weeks of gestation at the University of Tsukuba Hospital. Termination of pregnancy was
carried out by three-step uterine cervical dilation using laminaria followed by vaginal administration of 1 mg
gemeprost every 3 h for up to four doses over 24 h.

Results: A total of 173 women underwent midtrimester termination of pregnancy. The women were catego-
rized into two groups: those who had previously undergone cesarean section (n = 26) (previous cesarean
section group) and those who had not (12 = 147) (control group). Seven women had undergone cesarean section
at least twice. The gemeprost dose administered was 2.8 + 1.4 mg for the previous cesarean section group and
2.4 = 1.6 mg for the control group (difference in doses not significant). Although abnormal vaginal bleeding
(>500 mL) was more likely to occur in the previous cesarean section group than in the control group (odds
ratio, 2.61; 95% confidence interval, 0.63-10.82), none of the woman required blood transfusion. Uterine
rupture and failed abortion were not observed.

Conclusion: The efficacy and safety of our laminaria-gemeprost protocol for termination of pregnancy during
the midtrimester are similar for women who have previously undergone cesarean section and those who have
not.

Key words: gemeprost, laminaria, midtrimester termination of pregnancy, previous cesarean section.

Introduction pregnancy (TOP), especially in women with uterine

scarring. Chapman et al. reported that a prior cesar-
Uterine rupture is the most life-threatening complica- ean section (CS) is a risk factor for uterine rupture
tion that can arise during midtrimester termination of and blood transfusion in women undergoing
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midtrimester TOP.! Because the rate of cesarean deliv-
ery is increasing, the number of cases of uterine scar-
ring in women undergoing midtrimester TOP will
also increase.

At present, midtrimester TOP is more frequently per-
formed by oral and /or vaginal administration of pros-
taglandin analogues than by surgical methods. The
availability and cost-effectiveness of prostaglandins
vary among countries. In Japan, oral prostaglandins are
not available, and gemeprost (16, 16-dimethyl-trans
delta-2-prostaglandin E1; Preglandin; Ono Pharmaceu-
tical, Japan), initially designated as ONO 802, is the
only licensed vaginal prostaglandin available for
midtrimester TOP.

To date, the use of gemeprost for midtrimester TOP
in women with uterine scarring has been considered
challenging because of the risk of uterine rupture. Cer-
vical ripening before the induction of labor has been
practiced widely to decrease the incidence of compli-
cations of TOP by both medical and surgical methods.
The most common methods for cervical ripening
involve laminaria and prostaglandin analogues. TOP
by the administration of gemeprost in combination
with dilapan® or mifepristone*” has also been reported.
In a multicenter study conducted in the United
Kingdom on TOP using oral mifepristone and vaginal
gemeprost, one of 265 patients suffered a uterine scar
rupture and a total of 22 patients had previously under-
gone cesarean section.! Laminaria has been compared
to mifepristone for cervical ripening in midtrimester
TOP; in this study, women with pre-existing uterine
scars were excluded® However, the usefulness and
safety of laminaria in combination with gemeprost for
TOP in women with cesarean scars have not yet been
evaluated.

It has recently been reported that TOP by adminis-
tration of gemeprost alone can be performed as safely
in patients with uterine scars as in those without
scars.” ! Although no difference was observed in the
incidence of major complications between patients
with and without scars, two cases of uterine rupture
were observed among the patients with uterine scars
(1.5%).1

A safer and more effective regimen with minimal
complications should be developed for performing
TOP using gemeprost because the use of this prostag-
landin is unavoidable in many countries, The objective
of the present study was to determine whether geme-
prost in combination with laminaria is a safe and effec-
tive option for midtrimester TOP in women who have
previously undergone cesarean section.

Methods

We studied a consecutive series of cases of termination
of singleton pregnancy at 12-21 weeks of gestation at
the University of Tsukuba Hospital.

Termination of pregnancy was carried out by uterine
cervical dilation with laminaria three times every 12 h
for two consecutive days. The number of laminaria was
gradually increased from two for the first dilation to
5-7 for the second dilation and 10 for the third dilation.
An oral antibiotic (100 mg cefteram pivoxil) was
administered after every cervical dilation procedure.
On day 3, after the removal of the last laminaria, 1 mg
gemeprost was introduced into the posterior fornix of
the vagina. Gemeprost was vaginally administered
every 3 h for up to four doses on day 3. Patients in
whom complete abortion was not achieved by day 3
received further cycles of gemeprost treatment on
day 4. Intramuscular administration of ergometrine
maleate, ultrasound-guided uterine curettage and
intravenous antibiotic injection (1 g cefazolin sodium
hydrate) were routinely performed immediately after
placental expulsion. The amount of blood loss was
determined at 2 h after delivery by weighing the blood
absorbed by a disposable paper sheet spread under
the parturient woman. We obtained written informed
consent from every woman for undergoing TOP
according to this protocol.

The main outcome parameters were the total geme-
prost dose, total blood loss, and rate of uterine rupture.
Minor complications, such as fever and placental reten-
tion were closely monitored. Abnormal vaginal bleed-
ing was defined as blood loss exceeding 500 mL during
delivery. Failed abortion was defined as the failure to
deliver after the completion of three 24-h courses of
gemeprost administration, and in such cases, other
abortion procedures were considered (oxytocin infu-
sion or surgical uterine evacuation).

Categorical variables were compared using the two-
tailed ¥’ test or Fisher’s exact test, as appropriate; con-
tinuous variables were analyzed using the Mann-
Whitney test. A P-value less than 0.05 represented
statistical significance.

Results

A total of 173 women underwent TOP between January
1999 and December 2006. The women were categorized
into two groups: one group comprising women who
had previously undergone CS (previous CS group)
(n=26; 15.0%) and the other comprising those who

© 2009 The Authors
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Table 1 Characteristics of patients in the previous caesarean section group and control group

Previous CS Control
(n=126) (n=147)
Maternal age (years) (mean * SD) 33.6 £4.1 31256 P<0.05
Gestational age (weeks) (mean + SD) 179 =26 191 x5 NS
No. previous CS -
1 19
2 5
=3 2
No. previous vaginal deliveries (mean * SD) 0.35 = 0.68 0.60 = 0.80 NS
Indication for TOP NS
Anomalies detected by US (n) 13 63
Aneuploidy (1) 4 32
pPROM (severe oligohydramnios) (1) 1 6
Intrauterine fetal death (n) 4 38
Maternal disease (n) 4 8

CS, cesarean section; NS, not significant; pPROM, preterm premature rupture of the membranes; SD, standard deviation; TOP, termination

of pregnancy; US, ultrasonography.

Table 2 Outcomes of the termination of pregnancy in the previous caesarean

section group and control group

Previous CS Control
(n=26) (n=147)
Total dose of gemeprost (mg) NS
Mean * SD 28*+14 24+1.6
Range 1-8 1-11
Blood loss (mL) NS
Mean = SD 204 + 281 167 + 186
Range 10-1100 5-1080
Median 104 110
IOR 44-192 55-185

CS, cesarean section; IQR, interquartile range; NS, not significant; SD, standard deviation.

had not (control group) (n = 147; 85.0%). In the former
group, seven women (26.9%) had undergone at least
two CS. No significant difference was observed
between the two groups with regard to gestational
age or number of previous vaginal deliveries. The
indications for TOP were fetal anomaly in 76 women
(43.9%), fetal aneuploidy in 36 women (20.8%), severe
oligohydramnios resulting from membrane rupture in
seven women (4.0%), intrauterine fetal death in 42
women (24.3%), and maternal disease in 12 women
(6.9%). The characteristics of the women are com-
pared in Table 1.

The main outcomes of the procedure for the two
groups are shown in Table 2. No significant difference
was observed in the total gemeprost dose administered
between the previous CS group (2.8 = 1.4 mg) and the
contro] group (2.4 * 1.6 mg). No significant difference
was observed in the mean blood loss between the pre-
vious CS group and the control group.

© 2009 The Authors

Complications that were encountered are described
in Table 3. Abnormal vaginal bleeding (i.e. bleeding
exceeding 500 mL during parturition), was observed in
three women (11.5%) in the previous CS group and
seven women (4.8%) in the control group; (odds ratio,
2.61; 95% confidence interval, 0.63-10.82). Although
vaginal bleeding exceeding 1000 mL. was observed in
one woman in the previous CS group (1100 mL) and in
two women in the control group (1080 and 1027 mL),
no patient required blood transfusion. Uterine rupture
or other complications were not observed in any
patient. TOP was successful in all 173 women.

The cumulative abortion rates for the two groups are
illustrated in Figure 1. Abortion rate was defined as the
percentage of women in whom abortion was achieved
for each dose of gemeprost. No significant difference
was observed in the abortion rate with 1-4 mg geme-
prost between the previous CS group (96.2%) and the
control group (91.2%).
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Table 3 Complications encountered in patients of the previous cesarean section

group and control group

Previous CS Control OR (95% CI)
n =26 (%) =26 (%)
Failed abortion 0(0) 0 (0)
Abnormal vaginal 3(11.5) 7 (4.8) 261 (0.63-10.82)
bleeding (>500 mL)
Blood transfusion 0(0) 0(0)
Uterine rupture 0 0(0)

(1, confidence interval; CS, cesarean section; OR, odds ratio.

o o= Provious CS
/ —0— Controf

Cumulative abortion rate (%)
o
[ =]

0 i 2 3 4 5 [} 7 >8
Total dose of gemaprost {mg}

Figure 1 Cumulative abortion rate for the previous
caesarean section (CS) group and control group.

Discussion

We used gemeprost (the only licensed vaginal supposi-
tory for midtrimester TOP available in Japan) in com-
bination with laminaria for mechanical ripening of the
cervix. No significant difference was observed in the
total dose of gemeprost administered and the total
blood loss between the two groups.

In our study, uterine rupture did not occur in any
patient. Le Roux et al. reported that after gemeprost
administration, uterine rupture occurred in two of five
women who had previously undergone CS and in
none of the 29 women who had no uterine scarring.”
Scioscia etal. reported the case of a multiparous
woman without any uterine scarring who suffered
from uterine rupture and underwent total hysterec-
tomy after second trimester TOP with gemeprost!
Their protocol involved the administration of geme-
prost alone without any pretreatment with a cervical
dilator or mifepristone. Although the number of
women in our study group was relatively small, on the
basis of our results, we can say that pretreatment with
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laminaria followed by treatment with gemeprost may
be safer than treatment with gemeprost alone, even in
patients with uterine scars.

Minimal blood loss was observed in most of the
women from both groups, and none of the women
required blood transfusion. Although the probability
of the occurrence of abnormal vaginal bleeding exceed-
ing 500 mL was higher among the women who had
previously undergone CS than among those who had
not, it did not reach statistical significance (Table 3).
This would be partly due to the small sample size of
our study. Three cases of vaginal bleeding exceeding
1000 mL. were observed, but the appropriate use of
uterine contractants after placental expulsion and infu-
sion of Ringer’s lactate solution were adequate mea-
sures for recovery, Additional hospitalization was not
required. The routine use of ergometrine maleate and
ultrasound-guided uterine curettage may have contri-
buted to these outcomes. Although the blood loss that
occurred with this method of midtrimester TOP is con-
sidered to be within the permissible range, even for
women who have cesarean scars, we need a study with
larger sample size to draw a conclusion.

Some studies have reported on the use of gemeprost
with or without laminaria for TOP during the second
trimester.***! The mean total dose of gemeprost used
in this study (previous CS group, 2.8 = 1.4 mg; control
group; 2.4 = 1.6 mg) was remarkably lower than the
doses used in the previous studies wherein gemeprost
was used without laminaria.®* The abortion rate of
91.9% (96.2% in the previous CS group and 91.1% in
the control group) with =4 mg gemeprost (this pre-
sents the total dose when TOP was achieved within
1 day) and the final abortion rate (100% in both groups)
were satisfactorily high owing to patient compliance.
These results are consistent with those of previous
studies wherein gemeprost was used along with other
substances for cervical preparations, such as dilapan or
mifepristone >

© 2009 The Authors
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In the present study, cervical priming using lami-
naria was performed before gemeprost was adminis-
tered. Laminaria absorbs water from proteoglycan
complexes in the cervix, leading to dissociation of the
complexes, thereby softening and dilating the cervix."
Cervical preparation using laminaria is considered
very important to prevent cervical lacerations in
second-trimester medical abortions, as well as in sur-
gical abortions. In the present study, cervical lacera-
tions as the main cause of excessive bleeding were not
observed. In addition to acting as a mechanical modu-
lator, laminaria also acts as a chemical modulator and
sensitizes the myometrium to gemeprost."* Gemeprost
alone can induce cervical ripening as well as labor.
Nonetheless, the gemeprost dose can be reduced by
exploiting both the mechanical and chemical effects of
laminaria. The three-step cervical dilation using lami-
naria may decrease the total dose of gemeprost
required, and TOP using this procedure may be faster
and safer than that using gemeprost alone. We consider
our regimen is effective and safe for midtrimester TOP
in women who have previously undergone CS.

Conclusion

In summary, our findings show that cervical dilation
with laminaria followed by vaginal administration of
gemeprost can be used effectively and safely for TOP in
women who have previously undergone CS as well as
for those who have not.

Ethical Approval

The protocol of the present study is in accordance with
the Maternal Protection Law (1996) of Japan and the
approval of the ethical review committee of the Uni-
versity of Tsukuba Hospital.
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Abstract

Previously, we showed that the toxic susceptibility of male rats to an ultraviolet absorber, 2-(2"-hydroxy-
3.5 -di-tert-butylphenyl)benzotriazole (HDBB}, was nearly 25 times higher than that of females. The present
study aimed tc clarify the mechanism of gender-related differences in HDBB toxicity. Male and female rats
were given HDBB by gavage at 0.5, 2.5, or 12.5mg/kg/day for 28 days, and plasma HDBB levels were meas-
ured at various time points by using liquid chromatography-tandem mass spectrometry, HDBB was rapidly
absorbed and eliminated from the plasma in both sexes, and no sexual variations were found in the plasma
levels. In the plasma, HDBB metabolites were not detected at any dose by the liquid chromatography-
photodiode array detector. In an in vitro metabolic study using hepatic microsomes from male and female
rats, HDBB was slightly metabolized, but no sexual differences were found in the residual HDBB ratio after a
60-minute incubation with an NADPH-generation system. Following 28-day HDBB administration, sexually
different changes were found in cytochrome P450-dependent microsomal mixed-function oxidase activi-
ties in the liver. In males, 7-ethoxyresorufin O-deethylase activity decreased and lauric acid 12-hydroxylase
activity increased at all doses. Decreases in aminopyrine N-demethylase activity and testosterone 2a- and
16a-hydroxylase activity were also found at 2.5mg/kg and above in males. In females, the only signifi-
cant change was increased lauric acid 12-hydroxylase activity at 12.5mg/kg. These findings indicate that
HDBB would have hepatic peroxisome proliferative activity, and the difference in susceptibility of male and
femnale rats to this effect might lead to marked gender-related differences in HDBB toxicity.

Keywords: Benzotriazole UV absorber; gender-related difference; hepatic metabolizing enzyme activity;
in vitro hepatic metabolism; plasma concentration; rat

Introduction

2-(2’-hydroxy-3’5’-di-tert-butylphenyl)benzot-
riazole (CAS No. 3846-71-7; HDBB) is an ultraviolet
(UV) absorber used in plastic resin products, such
as building materials and automobile components
(METI, 2006). Previously, we showed a marked

gender-related difference in the toxicity of HDBB in
28-day and 52-week repeated oral dose toxicity stud-
ies using rats (Hirata-Koizumi et al., 2007; 2008a).
In the 28-day study, toxic effects were observed
mainly in the liver, such as hypertrophy and vacu-
olar degeneration of hepatocytes, focal necrosis, and
bile duct proliferation. HDBB also caused anemia,
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degeneration and hypertrophy of myocardium in
the heart, hypertrophy of tubular epithelium in the
kidneys, and diffuse follicular cell hyperplasia in the
thyroids. Adverse effects were found even at the lowest
dose of 0.5mg/kg in males, but in females, they were
detected only at 12. 5mg/kg and above. In the 52-week
study, histopathological findings in the liver included
precancerous changes (i.e., altered hepatocellular
foci). Based on hepatic changes, the no observed
adverse effect level (NOAEL) for repeated dose toxic-
ity of HDBB was concluded to be 0.1mg/kg/day in
males and 2.5mg/kg/day in females. These findings
show that male rats have a nearly 25 times higher sus-
ceptibility to HDBB toxicity than female rats.

Gender-related differences in the toxic suscepti-
bility of rats have been documented for many other
industrial chemicals (Ema et al,, 2008; Muraoka and
Itoh, 1980), environmental pollutants (Knuckles et al.,
2004), insecticides (Agarwal et al., 1982; Carlson and
DuBois, 1970), and pharmaceuticals (Coleman et al.,
1990; McGovren et al,, 1981; Stern et al., 2007; Wang
et al,, 2001). Various causes of such sexual differences
are indicated mainly for toxicokinetic determinants,
such as hepatic metabolism (Gad, 2006) and mem-
brane transporter in various organs, including the kid-
neys and intestine (Morris et al., 2003). For example,
Coleman et al. (1990) reported that higher sensitivity
of male rats to hematotoxicity of dapsone, which is a
major component of the multidrug regimen for the
treatment of leprosy, was due to the greater capacity
for N-hydroxylation. Another example was an amino-
acid antitumor agent, acivicin, of which the LD, was
much higher in male mice than in females. McGovren
et al. (1981) showed that the plasma half-time was
much longer in female mice and speculated that the
sexual variation may be related to differences in renal
excreton.

The aim of the present study is to clarify the
mechanism for gender-related differences in HDBB
toxicity. We determined plasma HDBB levels in male
and female rats given HDBB, by liquid chromatog-
raphy-tandem mass spectrometry (LC/MS), and
the metabolites in plasma were analyzed by using a
liquid chromatography-photodiode array detector.
The enzymatic transformation of HDBB was also
investigated with hepatic S9 fractions and micro-
somes prepared from male and female rats, and with
the single-enzyme systemns, microsomes containing
cDNA-expressed individual rat cytochrome P450
(CYP) enzymes. Further, we investigated the effects of
HDBB on typical CYP-dependent microsomal mixed-
function oxidase (MFO) activities [i.e., aminopyrine
N-demethylation, 7-ethoxycoumarin O-deethylation
(ECOD), 7-ethoxyresorufin O-deethylation (EROD),
testosterone 63-, 2a- and 16a-hydroxylation, and

lauric acid 12-hydroxylation], in the liver, which is the
main target of HDBB.

Materials and methods

This study was performed at Drug Safety Research
Laboratories  (Kagoshima, Japan) and the
Pharmacokinetics and Bioanalysis Center (Kainan,
Japan) of Shin Nippon Biomedical Laboratories, Ltd.
(SNBL) in 2007-2008. The experiment was approved
by the Institutional Animal Care and Use Committee
of SNBL and was performed in accord with the ethics
criteria contained in the bylaws of the Committee.

Materials

HDBB (Lot no. AY11l) was obtained from Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan). The HDBB
used in this study was 100% pure and was stored in a
light-resistant, tight container at room temperature
untl use. 2-(3,5'-di-tert-butyl-2’-hydroxyphenyl)-5-
chlorobenzotriazole (DBHCB), used as an internal
standard for plasma HDBB determination, was also
obtained from Tokyo Chemical Industry Co., Ltd. Corn
oil, formic acid (special grade), acetonitrile {high-
performance liquid chromatography (HPLC) grade]
and aminopyrine (for biochemistry) were purchased
from Wako Pure Chemical Industries, Ltd. {Osaka,
Japan). 7-ethoxycoumarin and 7-ethoxyresorufin
were from Sigma-Aldrich Japan K.K. (Tokyo, Japan),
and [4-"C]-testosterone and {1-"C]-lauric acid were
from GE Healthcare Bio-Sciences KK (Tokyo, Japan).
All other reagents and solvents were of the highest
quality commercially available.

For in vitro metabolism studies, hepatic $9 frac-
tions and microsomes prepared from male and
female Sprague-Dawley (SD) rats were purchased
from Xenotech LLC (Lenexa, Kansas, USA) and BD
Gentest (Woburn, Massachusetts, USA), respectively.
The single-enzyme systems, microsomes prepared
from baculovirus-infected insect cells express-
ing CYP1Al, CYP1A2, CYP2Al, CYP2A2, CYP2B],
CYP2C6, CYP2C11, CYP2C12, CYP2C13, CYP2D1,
CYP2D2, CYP2E1, CYP3Al, or CYP3A2, were also
obtained from BD Gentest.

Animals and housing conditions

Crl:CD(SD) rats (4 weeks old) were purchased from
Hino Breeding Center, Charles River Laboratories
Japan, Inc. (Yokohama, Japan). After a 7-day acclima-
tion, they were subjected to treatment at 5 weeks of
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age. On the day before the first dosing, rats found to
be in good health were selected and assigned to three
groups of 4 males and 4 females to measure plasma
HDBB levels and to four groups of 5 males and 5
females to determine hepatic CYP activity by strati-
fied randomization (MiTOX System, ver. 2.0; Mitsui
Zosen Systems Research Inc., Chiba, Japan), accord-
ing to body weight to minimize bias in body weight
among groups.

All animals were maintained in an air-conditioned
roomat21.8-22.6°Cwith arelative humidity of43-52%,
a 12-hour light-dark cycle, and ventilation with 15 air
changes/hour. Animals were housed individually in
stainless cages suspended over a cage board. A basal
diet (CE-2; CLEA Japan, Inc., Tokyo, Japan) and water,
which meets the drinking water standard under the
Water Works Law of Japan, were provided ad libitum.

Measurement of plasma HDBB concentration

Male and female rats (4/sex/group) were given HDBB
by gavage once-daily for 28 days. The dosage levels of
HDBB were determined to be 0.5, 2.5, or 12.5mg/kg/
day, based on the results of our previous 28-dayrepeat-
ed-dose toxicity study (Hirata-Koizwmi et al., 2007). In
this previous study, male and female rats were given
HDBB by gavage at 0.5, 2.5, 12.5, or 62.5mg/kg/day,
and adverse effects, mainly on the liver, were found
at all doses in males and at 12.5mg/kg and above in
females.

Dosing solutions were prepared as a suspension
in corn oil. The volume of each dose was adjusted to
10mL/kg of body weight, based on the latest body
weight. The formulations were kept cool in a light-
resistant, tight container until dosing and were used
within 7 days after preparation. Stability under refrig-
erated conditions was confirmed up to 7 days in the
previous 28-day repeated-dose toxicity study (Hirata-
Koizumi et al., 2007).

All males and females were observed twice-daily
for clinical signs of toxicity, and body weight was
measured on days 1, 7, 14, 21, and 28 of administra-
tion. Blood samples {approximately 0.2ml./animal)
were collected from the jugular vein at 1, 2, 5, 8, and
24 hours after the 1% dose, just before the 7%, 14® and
28" doses, and at 1, 2, 5, 8, and 24 hours after the
28" dose. All surviving animals were euthanized by
ether anesthesia after the completion of final blood
sampling.

The blood samples were centrifuged at 4°C and
1,710 x g for 15 minutes to obtain plasma. The plasma
(0.05mL) was mixed with acetonitrile (0.05mL) and
internal standard solution (DBHCB, 0.05mlL) and
centrifuged at 12,000 rpm for 5 minutes at 4°C. The

supernatant (10 wL) was analyzed by usinga CAPCELL
PAK C8 DD column [2.0 (inner diameter)x75mm,
3 wm,; Shiseido Co., Ltd., Tokyo, Japan] on a Shimadzu
LC-10A HPLC system (Shimadzu Corporation, Kyoto,
Japan) equipped with a photodiode array detector
(SPD-M204; Shimadzu Corporation) set at 200-
400nm and a triple quadrupole mass spectrometer
(API 3000; Applied Biosystems Japan, Tokyo, Japan).
The mobile phase consisted of acetonitrile and 0.1%
formic acid (75:25, v/v) at a flow rate of 0.2 mL/minute
for 15 minutes. Under this condition, the retention
time of HDBB was about 9 minutes and the lower limit
of qualification was 0.02 pg/mL.

Toxicokinetic parameters of HDBB, maximum
plasma concentration (C__ ), ime to C__ (T,) and
area under the plasma concentration-time curve
from time zero to 24 hours (AUC,_,,, ) were assessed
by standard noncompartmental analysis, using
WinNonlin version 4.0 (Pharsight Corporation,
Mountain View, California, USA).

In vitro metabolism reaction

Since the metabolic products of HDBB have not been
elucidated, metabolic activity of hepatic S-9 frac-
tions and microsomes from male and female rats was
determined by measuring the disappearance rate
of HDBB after incubation. HDBB was dissolved in
acetonitrile at 4.5 mmol/L, and 0.005 mL of the HDBB
solution was incubated with 0.05ml of $-9 fractions
or microsomes ( 20 mg/mL) in 0.1 mol/L of phosphate
buffer (pH7.4) containing 0.05 mmol/L of EDTA,
Final HDBB concentration in the incubation mixtures
was 45 pmol/L. The incubation was carried out at
37°C in air. After a 5-minute preincubation, the reac-
tion was initiated by adding the NADPH-generating
system (15.5mmol/L NADP*, 33 mmol/L glucose-6-
phosphate, 4U/mL glucose-6-phosphate dehydro-
genase, and 33 mmol/L MgCl ), and incubated for 60
minutes. The reaction was terminated by the addition
of 1 mL of ice-cold acetonitrile, and the solution was
centrifuged for 15 minutes at 10,000 x g and 4°C. The
supernatant (0.05mL) was eluted by using the above-
mentioned HPLC system, and the elution was moni-
tored at 346 nm with a Shimadzu SPD-10A or 20A UV
detector (Shimadzu Corporation). All experiments
were performed in duplicate. The residual HDBB ratio
was calculated by dividing the peak area of HDBB
after a 60-minute incubation with that of the control,
in which the incubation system was inactivated by the
addition of 1mL of acetonitrile prior to incubation
(n=1).

To examine the role of individual CYP isoforms
involved in the metabolism of HDBB, each of the
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recombinant CYPs (200 pmol of CYP/mL) was incu-
bated with HDBB, using the same method as men-
tioned above, except that potassium phosphate buffer
was used instead of phosphate buffer. Microsomes
from insect cells infected with wild-type baculovirus
(BD Gentest), which contains negligible amounts of
CYP, served as controls.

Effect of HDBB on Hepatic CYP Activity

HDBB was administered by gavage to male and female
rais (5/sex/group) at 0.5, 2.5, or 12. 5 mg/kg/day for 28
days. Control groups (5 males and 5 females) received
the vehicle only. Preparation of the dosing solutions,
observation of the clinical signs of toxicity and meas-
urement of body weight, was performed in the same
way as the above-mentioned study for determining
plasma HDBB levels. The day after the last adminis-
tration, the animals were euthanized by exsanguina-
tion under deep anesthesia by the intraperitoneal
(i.p.) injection of pentobarbital sodium. The surface of
the body, organs, and tissues of the entire body were
observed grossly. The liver was then collected and
weighed. After perfusion to remove blood, the right
lobe was homogenized in a 9-fold volume of ice-cold
Tris buffer (50 mmol/L Tris-hydrochloric acid buffer
containing 0.25mol/L sucrose; pH7.4) and centri-
fuged at 9,000 x g for 30 minutes. The supernatant was
centrifuged at 105,000 x g for 60 minutes, the pellet
was suspended in Tris buffer, and centrifugation was
repeated. These preparations were performed at 4°C.
The resulting pellet was suspended in Tris buffer in an
amount equal to the liver weight and used as hepatic
microsomes.

The concentration of hepatic microsomal protein
was determined by using the Bio-Rad DC protein
assay kit (Bio-Rad Laboratories, Inc., Hercules,
California, USA) with bovine serum albumin (BSA)
as a standard. The total CYP content was measured
by the CO difference spectrum method (Omura and
Sato, 1964). Seven types of MFO activities (i.e., amni-
nopyrine N-demethylation, ECOD, EROD, testoster-
one 683-, 2a- and 16a-hydroxylation, and lauric acid
12-hydroxylation activity) in hepatic microsomes
were determined by standard procedures. Briefly,
aminopyrine N-demethylase activity was assayed
by determining the formation of monomethylol
dimethylhydantoin from aminopyrine spectropho-
tometrically. ECOD and EROD activities were meas-
ured as the rate of conversion of 7-ethoxycoumarine
to 7-hydroxycoumarin, and of 7-ethoxyresorufin to
resorufin, respectively, using a spectrophotofluor-
ometer, Testosterone 6B-, 2a-, and 16a-hydroxylase
activities and lauric acid 12-hydroxylase activity

were assayed by using “C-labeled substrates, and
the respective activities were determined by quan-
tifying the formed amount of 6B-, 2a-, and 16a-
hydroxytestosterone and 12-hydroxylauric acid by
radio-HPLC. Each type of MFO activity was assayed
by using NADPH as the sole electron source.

Data analysis

Body weight and absolute and relative liver weight
were analyzed by Bartlett’s test for homogeneity of
variance (P < 0.05). When homogeneity was recog-
nized, Dunnett’s test was applied to compare the
mean value in the control group with that in each test
article group (P < 0.01 or 0.05). If not homogenous,
the data were rank-converted and a Dunnett-type test
was applied (P < 0.01 or 0.05).

For metabolic enzyme activity, Bartlett’s test was
similarly performed (P < 0.05). When the variance was
homogenous, Williams’ test, assuming a dose-related
trend, was applied (P < 0.05). If significant differences
were not detected by the Williams’ test, the data were
further analyzed by Dunnett’s test to compare between
control and individual treatment groups (P < 0.05).
When the variances were heterogeneous, the Shirley-
Williams’ test, assuming a dose-related trend, was
performed (P < 0.05). If no significant differences were
found, Steel’s test was applied (P < 0.05).

Results

HDBB administration for 28 days did not induce
any clinical signs or affect the body weight, except
for significantly increased body weight on day 14 of
administration in males in the 0.5mg/kg group. At
the completion of 28-day administration, the liver
was grossly enlarged in 5/5 males and 1/5 females at
12.5mg/kg, 5/5 males at 2.5mg/kg, and 1/5 males at
0.5mg/kg. In the liver, white focus was found in 4/5
males and 2/5 females at 12.5mg/kg and in 4/5 males
at2.5mg/kg. Absolute and relative liver weight was sig-
nificantly increased at 2. 5mg/kg and above in males
and at 12.5mg/kg in females, as shown in Figure 1.
There was also an increase in absolute and relative
liver weight at 0.5mg/kg in males, but no statistically
significant difference was found from the control.

Plasma HDBB concentration
The time course for levels of HDBB in male and female

plasma after the first intragastric administration is
shown in Figure 2A. HDBB was rapidly absorbed and
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Figure 1. Absolute and relative liver weight of male and female rats given HDBB by gavage for 28 days. Data are expressed as the mean +
standard deviation (SD). ‘Significantly different from the control, P < 0.05; "Significantly different from the control, P < 0.01.
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Figure 2. Plasma HDBB concentrations against time after the administration of HDBB to male and female rats.Data are expressed as the
mean * SD.
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eliminated from the plasma in both sexes. No clear
gender-related differences were found in the plasma
profiles of HDBB at any doses. After 28-day repeated-
dose administration, similar plasma HDBB profiles
were observed, and there were no gender-related dif-
ferences in the profiles (Figure 2B). In all dose groups,
HDBB metabolites were not detected in the plasma at
any sampling times in either sex.

The calculated values of C__, T ,and AUC__ for
HDBB in plasina are given in Table 1. The data showed
that AUC_ . as well as C__ values increased in rat
plasma with the higher HDBB dose. Comparison of
data for males and females indicated no gender-
related differences.

In vitro metabolism reaction

After a 60-minute incubation using the liver S-9
fraction prepared from male or female rats with the
NADPH-generating system, the concentration of
HDBB in the incubation mixture was hardly changed,
as shown in Figure 3. The mean residual rato of
HDBB was 98.1% with male rat hepatic microsomes
and 91.4% with female rat hepatic microsomes.
On the other hand, when incubated with male and
female hepatic microsomes, HDBB concentration in
the incubation mixture decreased to 73.4 and 76.1%
of the control, respectively. In either male or female
microsomes, another peak was found around a reten-
tion time of 1-2 minutes.

Figure 4 represents residual ratios of HDBB after a
60-minute incubation with microsomes containing
cDNA-expressed individual rat CYP enzymes in the
presence of the NADPH generating system, Among the
14 types of CYPisoforms tested here, CYP1A1 exhibited
the greatest metabolic activity of HDBB (mean residual
HDBB ratio: 61.8%). CYP1A2, 2A2, 2B1, 2C6, 2C11, and
2D2 also metabolized 10-20% of HDBB. Other CYP
isoforms, CYP2A1,2C12,2C13,2D1, 2E1, 3A1, and 3A2,
showed no significant metabolism of the chemical
(mean residual ratio of HDBB: >95%). After incubation
with CYP1A1, 1A2, 2A2, 2C6, 2Cl11, 2D2, 3A1, or 3A2,
some peaks other than HDBB were detected.

Effect of HDBB on hepatic CYP activity (Table 2)

While microsomal protein content showed no sig-
nificant differences between HDBB-treated and con-
trol groups, the total CYP content was significantly
increased in males of the 2.5 and 12.5mg/kg groups.
In these groups, aminopyrine N-demethylase activity,
and testosterone 2o~ and 16a-hydroxylase actvity,
decreased significantly. EROD activity showed a

Table 1. Toxicokinetic parameters of HDBB.
C T, AUC

max

max 0-24h
Doses Sexes {pg/mL) (h) (pg-h/mL)
After the first administration of HDBB

0.5mg/kg/  Males  0.145+0.031 5.75+1.50 1.59+0.32
day Females 0.116+0.036 5.75:£1.50 1.25+0.10
2.5mg/kg/  Males  0.484+0.276 5.75+1.50 4.99%1.45
day Females 0.573+0.165 7.25:1.50 6.65% 1.61
12.5mg/kg/  Males  2.85+0.64 6.50£1.73 34.4%7.]
day Females 3.84%1.71 7.25+1.50 47.1+15.7

After the last administration of HDBB
0.5mg/rkg/ Males 0.214+0.054 6.50£1.73 2.49+0.62

day Females 0.154+0.009 8.00+0.00 1.98+0.15
2.5mg/kg/  Males 1.1440.42  5.75+1.50 13.625.0
day Females 0.636+0.221 7.25+1.50 8.89+3.25
12.5mg/kg/  Males 427+0.96  5.75+1.50 54.0%11.4
day Females 3.80+0.88  8.00+0.00 50.1+9.8

Values are expressed as the mean + SD.
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Figure 3. Residualratios of HDBB after incubation with male and
female rat liver $-9 and microsomes in the presence of a NADPH-
generating system. Data are expressed as the mean values of two
determinations, Residual HDBB ratio was calculated by dividing
the peak area of HDBB after a 60-minute incubation by that of the
control, in which the incubation system was inactivated by the
addition of 1 mL of acetonitrile prior to incubation.

significant decrease in males in all HDBB-treated
groups. These changes were not detected in females.
Lauric acid 12-hydroxylase activity was significantly
increased at 0.5mg/kg and above in males and at
12.5mg/kg in females. No significant changes were
found in ECOD activity or testosterone 63-hydroxylase
activity in either sex.

Discussion

The current study was conducted to clarify the mech-
anism of marked gender-related differences in HDBB



