DIAZEPAM

This substance was considered by previous working groups in October 1976 (IARC,
1977) and March 1987 (IARC, 1987). Since that time, new data have become available,
and these have been incorporated into the monograph and taken into consideration in the
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1  Nomenclature

Chem. Abstr. Serv. Reg. No.: 439-14-5

Deleted CAS Reg. No.: 11100-37-1: 53320-84-6

Chem. Abstr. Name: 7-Chloro—1,3—dihydr0—1—methyl—5-phenyl-2H—1,4-benzodiazepin—
2-one

IUPAC Systematic Name: 7—Chlor0—1,3—dihydro—l«methyl—S—phenyl-2H—l,4—benzo—
diazepin-2-one

Synonym: Methyldiazepinone -

.12 Structural and molecular Jormulae and relative molecular mass

C,H, CINO Relative molecular mass: 284.75

167 713

.13 Chemical and physical properties of the pure substance

(@) Description: Off-white to yellow, odourless, crystalline powder (Gennaro, 1995)

(b) Melting-point: 125-126 °C (Budavari, 1995)

(¢c) Spectroscopy data: Infrared, ultraviolet, nuclear magnetic resonance and mass
spectral data have been reported (MacDonald et al., 1972).
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(d) Solubility: Slightly soluble in water (1 g/333 mL); soluble in acetone, benzene,
chloroform (1 g/2 mL), diethyl ether (1 g/39 mL), dimethylformamide and etha-
nol (1 g/16 mL) (Gennaro, 1995)

(¢) Stability: Stable in air (Gennaro, 1995)
(f) Dissociation constant: pK, = 3.4 (American Hospital Formulary Service, 1995)

I.1.4 Technical products and impurities

Diazepam is available as 2-, 5- and 10-mg tablets, I5-mg extended release capsules,
2- and 5-mg/5 mL oral solutions, 5-mg/mL concentrated oral solution, 5-mg/mL paren-
teral injection, 5-mg/mL emulsion injection, 2- and 4-mg/mL rectal tube solutions and
10-mg suppositories. Preparations may also contain acetylated monoglycerides, anhy-
drous glucose, benzoic acid, benzyl alcohol, corn starch, ethanol, flavouring, fractionated
egg phospholipids, fractionated soya bean oil, glycerol, lactose, magnesium stearate,
methyl hydroxypropylcellulose, polyethylene glycol, propylene glycol, saccharin,
sodium benzoate, sodium hydroxide, talc, D&C Yellow 10 (Quinoline Yellow), FD&C
Blue 1 (Brilliant Blue FCF) or FD&C Yellow 6 (Sunset Yellow FCF). Sodium benzoate,
benzoic acid and sodium hydroxide are added to the commercially available injection
products to adjust pH (Thomas, 1991; Farmindustria, 1993; British Medical Asso-
ciation/Royal Pharmaceutical Society of Great Britain, 1994; American Hospital For-
mulary Service, 1995; Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Aliseum; Alupram; Amiprol; An-Ding; Anksiyolin; Ansiolin; Ansiolisina;
Antenex; Apaurin; Apozepam; Armonil; Assival; Atensine; Atilen; Avex; Bensedin;
Betapam; Bialzepam; Calmocitene; Calmpose; Canazepam; Cercine; Ceregulart; Con-
dition; Deprestop; Diacepan; Diaceplex; Dialag; Dialar; Diapam; Diatran; Diaz; Diazem;
Diazemuls; Diazepam-Lipuro; Diazidem; Dienpax; Dipam; Dizac; Dizam; Domalium;
Doval; Drenian; Ducene; Duksen; Duxen: E-Pam; Eridan; Erital; Eurosan; Euphorin;
Evacalm; Faustan; Gewacalm; Hexalid; Horizon; Kiatrium; LA 111; Lamra; Lembrol;
Levium; Liberetas; Lizan; Lorinon; Mandrozep; Metil Gobanal; Méval; Morosan; Néo-
Calme; Neosorex; Nervium: Neurolytril; Noan; Notense; Novazam; Novodipam,;
Paceum; Pacipam; Pacitran; Pax; Paxate: Paxel; Pro-Pam; Psychopax; Q-Pam; Quétinil;
Quievita; Relaminal; Relanium; Relivan: Remedium; Renborin; Rival; Ro 5-2807; Saro-
met; Scriptopam; Sedapam; Sedipam; Seduxen; Serenak; Serenamin; Serenzin; Servi-
zepam; Setonil; Sibazon; Sibazone; Sico Relax: Solis; Somasedan; Sonacon; Stesolid;
Stesolin; Stress-Pam; Tensium; Tensopam; Tiromne; Tranimul; Tranquase; Tranquirit;
Tranquo-Puren; Tranquo-Tablinen; Umbrium: Unisedil; Valaxona; ValCaps; Valclair;
Valeo; Valibrin; Valiquid; Valitran; Valium; Valrelease; Vatran; Vival; Vivol; Wy 3467,
Zepam; Zetran.

1.1.5  Analysis

Several international pharmacopoeias specify potentiometric titration with perchloric
acid as the assay for purity of diazepam, and thin-layer chromatography for determining
impurities and decomposition products. Assay methods for diazepam in capsules, tablets
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and injection solutions include liquid chromatography or ultraviolet/visible absorption
spectrometry using standards. Assays for heavy metal impurities are also specified
(Society of Japanese Pharmacopoeia, 1992; British Pharmacopoeial Commission, 1993;
United States Pharmacopeial Convention, 1994). Other spectrophotometric (Mafies ef al.,
1987; El-Brashy er al., 1993) and mass spectrometric (McCarley & Brodbelt, 1993)
methods of analysis for diazepam in pharmaceutical preparations have been reported.

Diazepam and its metabolites (including oxazepam (see pp. 116—117) and temazepam
(see pp. 162-163)) can be analysed in biological fluids and tissues by radioimmunoassay
(Takatori et al., 1991), gas chromatography (GC) (Lé6scher, 1982), GC-mass spectro-
metry (GC/MS) (Maurer & Pfleger, 1987), GC with electron capture detection (Peat &
Kopjak, 1979; Beischlag & Inaba, 1992) and high-performance liquid chromatography
(Peat & Kopjak, 1979; Lensmeyer et al., 1982; Komiskey et al., 1985; Mura er al., 1987;
Fernandez et al., 1991; Chiba et al., 1995).

1.2 Production and use

1.2.1  Production

A method for preparing diazepam was first reported in 1961 (Sternbach & Reeder,
1961; Sternbach et al., 1961); commercial production of diazepam in the United States of
America was first reported in 1963 (United States Tariff Commission, 1964).

Diazepam is prepared by reacting 2-(methylamino)-5-chlorobenzophenone in ethereal
solution with bromoacetyl bromide to form 2-(2-bromo-N-methylacetamido)-5-chloro-
benzophenone. The latter is then reacted with ammonia in methanol solution to form the
2-amino-N-methylacetamido compound, which is cyclized with dehydration to produce
diazepam. The crude diazepam may be purified by recrystallization from diethyl ether
(Gennaro, 1995).

1.2.2  Use

Diazepam is a benzodiazepine with anxiolytic, sedative, muscle-relaxant and anti-
convulsant properties. The active metabolite is N-desmethyldiazepam, which has a long
duration of action (Reynolds, 1993). The therapeutic effects of the benzodiazepines are
believed to be due to their binding to the protein receptor complex for the inhibitory
neurotransmitter, y-aminobutyric acid (GABA). This complex has binding sites for both
phenobarbital and the benzodiazepines (Barnard et al., 1984). Binding of benzodia-
zepines to the o subunit of the complex affects chloride conductance within long-fibre
neurons and interneurons in the central nervous system and enhances the efficiency of
GABAergic transmission (Richards ez al., 1986). Central benzodiazepine receptors have
been found in human fetal brain tissues by 18 weeks of conceptual age (Brooksbank
et al., 1982). Besides this receptor in the central nervous system, there also appears to be
a benzodiazepine receptor in peripheral organs (Krueger & Papadopoulos, 1992). This is
a mitochondrial protein which may be involved in the regulation of steroid biosynthesis
(see Section 4.2.2(¢)).
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Diazepam is used in the management of severe, disabling anxiety disorders, as a
hypnotic in the short-term management of insomnia, in treating convulsions, particularly
status epilepticus and febrile convulsions, and in controlling alcohol withdrawal
symptoms. It is also used as a premedication and sedative before surgical and other
procedures, and for the relief of muscle spasm as in cerebral palsy (Reynolds, 1993).
Diazepam is a common adjunct in cancer therapy and may be provided as a pre-
admission drug before cancer diagnosis (Derogatis et al., 1979).

The oral dose for anxiety states usually ranges from 2 mg three times daily up to
30 mg daily in divided doses. Similar doses may be sufficient for control of mild to
moderate symptoms of alcohol withdrawal. A single dose of 5-30 mg before retiring is
given for insomnia associated with anxiety. In muscle spasm, 2-15 mg may be given
daily in divided doses and increased, in severe spastic disorders, such as cerebral palsy,
to up to 60 mg daily. A similar dosage range has been recommended for the adjunctive
use of diazepam in some types of epilepsy. Diazepam at 5-20 mg may be given as a
single oral dose or in divided oral doses as a premedication before dental, minor surgical
or other procedures. A slow-release oral formulation of diazepam is available in some
countries; a dose of 15 mg daily is considered to be equivalent to 5 mg three times daily
of the conventional oral formulation. A suggested initial oral dose of diazepam for
children is 100-200 pg/kg bw, but up to 800 ug/kg daily has been given. Dosage recom-
mendations are not generally given for premature infants or infants 30 days of age or
younger, since safety and efficacy have not been established for these groups (Reynolds,
1993; Medical Economics, 1996).

Diazepam may be given rectally as suppositories in doses similar to the oral doses.
A rectal solution of 2-4 mg/mL diazepam may be particularly useful for the control of
convulsions; the dose for adults and children over three years of age is 10 mg, and the
dose for children aged one to three years is 5 mg. If there is no response after five
minutes, the dose may be repeated (Reynolds, 1993).

Diazepam may be given by deep intramuscular injection, although absorption is
erratic and gives rise to lower blood concentrations than those obtained after oral admi-
nistration. It may also be given by intravenous injection, carried out slowly into a large
vein of the antecubital fossa at a recommended rate of no more than 1 ml of a 0.5%
solution (5 mg) per minute. In cases of severe anxiety or acute muscle spasm, diazepam
(10 mg) may be given intramuscularly or intravenously and repeated after 4 h. Higher
doses may be required for the treatment of delirium tremens. Patients with tetanus may
be given 100-300 pg/kg bw intravenously, repeated every 1-4 h; alternatively, a conti-
nuous infusion of 3—10 mg/kg bw every 24 h may be used or similar doses may be given
by nasoduodenal tube. Considerably higher doses have been used for extremely severe
cases of tetanus. For premedication or sedation before dental, surgical or other proce-
dures, 100-200 pg/kg bw (usually 10-20 mg for adults) may be given by injection.
A suggested parenteral sedative or muscle-relaxant dose for children is up to 200 pg/kg
bw (Reynolds, 1993).

Diazepam may be given parenterally, preferably by the intravenous route, for the
control of status epilepticus or severe recurrent or febrile convulsions. In the United
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Kingdom, the usual dose is 150-250 pg/kg bw (or 10-20 mg) for adults and 200—
300 pg/kg bw or 1 mg per year of life for children. These doses may be repeated after
30-60 min if required. Once the seizures are controlled, their recurrence may be
prevented by intravenous administration of phenytoin sodium (see monograph, pp. 178—
179) or by a slow infusion of diazepam. For adults, the maximal total dose of diazepam
is 3 mg/kg bw over 24 h (Reynolds, 1993). In the United States, the initial dose for adults
is 5-10 mg, repeated if required at 10-15-min intervals up to a maximum of 30 mg.
Doses for children are: infants over 30 days and under five years of age, 200-500 ug
every 2-5 min up to a maximum of 5 mg; children five years and older, 1 mg every
2-5 min up to a maximum of 10 mg. The above dosage regimens may be repeated after a
period of 2-4 h if necessary (Medical Economics, 1996). Elderly and debilitated patients
should be given no more than one half of the usual adult dose. Reduction of dosage may
also be required in patients with liver or kidney dysfunction (Reynolds, 1993).

Clinical uses of diazepam and other benzodiazepines have been reviewed (Hollister
et al., 1993). Diazepam has been used extensively in children (Goodman Gilman et al.,
1990).

Worldwide, diazepam is the most widely prescribed of the benzodiazepines. Compa-
rative data on sales of diazepam in several countries are shown in Table 1. Overall, sales
declined by approximately 16% from 1990 to 1995.

Table 2 compares the number of prescriptions written in the United States for several

benzodiazepines, including diazepam, and for the anticonvulsant, phenytoin, in 1990 and
1995.

Table 3 compares the total Salés for these same benzodiazepines and phenytoin in
1990 and 1995 in major markets worldwide.

1.3  Occurrence

1.3.1 Natural occurrence

Wildmann er al. (1987, 1988) reported the occurrence of trace amounts of diazepam
in the brain and adrenals of rats and in wheat and potato samples.

Unseld et al. (1989) reported finding low concentrations of diazepam in brain tissue
samples from several animal species and plants using GC/MS. Diazepam concentrations
ranged from 0.005 to 0.019 ng/g wet weight in brain tissue from salmon, frog, monitor
lizard, rat, cat and dog. Traces of diazepam were detected in deer, bovine, adult human
and stillborn human brain tissue samples. Diazepam concentrations ranged from 0.002 to
0.010 ng/g in the plant samples (potato tuber, yellow soya beans, unpealed rice,
mushrooms).

Unseld er al. (1990) reported on the ‘natural’ occurrence of diazepam in human brain
samples. All brain samples were examined by GC/MS and the concentrations observed
ranged from 0.15 to 0.34 ng/g wet weight tissue. The human brain tissue samples had
~ been stored before diazepam was first synthesized in 1963.
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Table 1. Sales of diazepam in various countries’ (number of standard
units’, in thousands)

Country 1990 1991 1992 1993 1994 1995
Africa
South Africa 8227 7 843 7 903 6977 7 657 7456
North America
Canada 119159 104306 100400 80016 84831 82060
Mexico 90 858 83 626 81044 70177 67265 63874
United States 775400 711049 667798 678466 697 750 764 904
South America
Argentina 97383 106010 107794 100037 95962 88942
Brazil 387216 388859 327549 282044 259621 209231
Colombia 9 644 10 109 12 070 4575 1 840 2571
Venezuela 11398 11959 11153 12 821 10552 12190
Asia
Japan 533690 520677 511530 484280 482458 474676
Republic of Korea 22647 22903 23253 22990 22356 21310
Australia 94309 85418 82738 81212 80203 80653
Europe
Belgium 21044 21379 21748 21496 21309 20544
France 102252 96216 88013 82141 77222 68051
Germany 152300 141334 118695 113702 113156 115477
Greece 28 691 22 454 20476 18719 17557 14291
Italy 265153 252443 242370 221544 194035 190047
Netherlands 45 821 48460 48497 46615 45161 44898
Portugal 75961 77 806 74370 75962 78941 80988
Spain 238524 228722 226454 215093 210853 211265
Sweden 51830 46781 47085 46296 46255 45552
Switzerland 11364 11007 10616 7947 7 588 7232
Turkey 13156 14 370 15 507 14809 16054 {8156

United Kingdom 238 198 235807 227345 230963 224 861 232365

“Data provided by IMS
"Standard dosage units, uncorrected for diazepam content

1.3.2  Occupational exposure

No quantitative data on occupational exposure levels were available to the Working
Group.

The National Occupational Exposure Survey conducted between 1981 and 1983 in
the United States by the National Institute of Occupational Safety and Health indicated
that about 20 650 employees were potentially occupationally exposed to diazepam. The
estimate is based on a survey of United States companies and did not involve
measurements of actual exposure (United States National Library of Medicine, 1996).
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Table 2. Use of some benzo-
diazepines and phenytoin in
the United States” (numbers of
prescriptions, in thousands)

Drug 1990 1995

Diazepam 13056 12 475
Estazolam 0 598
Oxazepam 1 647 1436
Prazepam 1205 I
Temazepam 5567 5916
Phenytoin” 8 848 9811

“ Data provided by IMS. No sales of
doxefazepam or ripazepam in the
United States

"Dilantin” only

Table 3. Comparative sales of several benzodiaze-
pines and phenytoin in major markets worldwide®
(number of standard units’, in millions)

1990 1995 Countries with the highest use

Diazepam 3394 2857  USA, Japan, Brazil, Spain, UK
Phenytoin 2423 2218 USA, Japan, UK, Canada

Oxazepam 1278 996 Germany, France, USA,
Netherlands

Temazepam 706 756 UK, USA, Australia
Prazepam 361 276  France, USA, Italy
Estazolam 158 187  Japan, USA, Portugal

“Data provided by IMS

"Standard dosage units, uncorrected for content of active
ingredient

1.4 Regulations and guidelines

Diazepam is listed in the following pharmacopoeias: Belgian, British, Brazilian,
Chinese, Czech, Egyptian, European, French, Greek, Hungarian, Indian, International,
Italian, Japanese, Mexican, Netherlands, Nordic, Portuguese, United States and former
Yugoslavian (Reynolds, 1993).
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2. Studies of Cancer in Humans

Worldwide, diazepam is the most widely used of the benzodiazepines. For this
reason, most specific epidemiological information about potential carcinogenic effects of
the benzodiazepines relates to this drug. In addition, reported use of unspecified
sedatives or hypnotics probably implies principally use of diazepam. This section
therefore reviews not only epidemiological studies which investigated diazepam
specifically but also those which reported risk associated with unspecified psychotropics,
tranquillizers or benzodiazepines.

Several potential biases in the epidemiological studies of benzodiazepines or
diazepam in relation to cancer deserve mention. Control selection may be problematic in
case-control studies, in that it may be difficult to select a priori a diagnostic category
unrelated to the exposure, while general population controls may be less likely to self-
report short- or long-term use. Indication for use of diazepam or other benzodiazepines
has, in general, not been considered as a potential confounding factor. If anxiety or
depression due to an underlying hormonal imbalance is involved in the etiological path-
way of a particular cancer, the use of psychotropic drugs is merely a marker for the
underlying condition, rather than indicating that the drug is the initiator or promoter of
the cancer. Another, possibly most important, consideration is that diazepam is a
common adjunct in cancer therapy and may be provided as a pre-admission drug before
cancer diagnosis (Derogatis et al., 1979). It is therefore essential to ascertain precisely
the date of first use of the drug in relation to the date of diagnosis of the cancer, so that
reasonable rules for censoring exposure history may be established.

2.1 Descriptive studies

A cross-sectional study examined use of psychotropic drugs for one month or more
by 250 women who had been diagnosed with breast cancer at least one year previously
and who were attending breast cancer clinics for follow-up visits at two general hospitals
in the United Kingdom (Stoll, 1976). Hypnotics, minor tranquillizers, sedatives and
antidepressants were used by 14% of the women during the 12 months before diagnosis
and by 32% in the 12 months prior to the questionnaire. Among women with metastases
at presentation or recurrence within 12 months, 22% had used such drugs before
diagnosis, compared to 13% among women with local disease at presentation or
recurrences later than 12 months (p < 0.03). [The Working Group noted that both the
absence of comparably collected control data and a biological rationale for distinguishing
the high-usage group were limitations of this descriptive study.]

2.2 Cohort studies

Since 1969, members of the Kaiser Permanente Medical Care Program (KPMCP) in
northern California, United States, have been categorized according to their drug
exposure, as identified from prescription records, and followed during their membership
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in the KPMCP. The occurrence of cancer was identified from admission records or by
cross-checking against the San Francisco Bay Area Tumor Registry. Expected numbers
of cancers were based upon age- and sex-specific rates for the entire cohort. In the latest
report from this study with follow-up through 1984 of 12 928 diazepam users, the
standardized morbidity ratio for all cancers was 1.0 ([ 95% confidence interval (D, 1.0-
1.1]; 807 observed versus 784 expected); for breast cancer, 1.1 (10.9-1.3]; 155 observed
versus 144 expected); for Hodgkin’s disease, 0.0 ([0.0-0.79]; O observed versus 4.7
expected) and for colon cancer, 0.7 ([0.5-0.9]; 57 observed versus 79.9 expected) (Selby
et al., 1989; Friedman & Selby, 1990). [The Working Group noted that dose response
was not addressed in these data, and that age and sex were the only confounding factors
considered.]

In a reconstructed retrospective cohort study, breast cancer in female members of a
Group Health Cooperative (GHC) in Seattle, WA was investigated (Danielson et al.,
1982). During the period 1977-80, 302 women, aged 35-74 years, who had been
members of the GHC for at least six months and who had a newly diagnosed breast
cancer were identified. Age-specific incidence rates of breast cancer for users and non-
users of diazepam were calculated. Women were classified as exposed to diazepam if at
least one prescription for the drug had been filled in the six months before breast cancer
diagnosis; drug taken only in the two weeks before mastectomy was not considered. Of
302 women with breast cancer, 27 had taken diazepam before their breast cancer
diagnosis; on the basis of 184 438 women-years of observation in total, the age-adjusted
risk ratio for breast cancer was 0.9 [95% CI, 0.6-1.3]. [The Working Group noted that
this study could not address the effect of long-term use of diazepam and that no
confounding factors had been considered.]

2.3 Case—control studies

Table 4 summarizes case—control data on use of benzodiazepines or diazepam that
were available to the Working Group. By far the most numerous studies of diazepam in
relation to human cancer are case—control studies of breast cancer.

2.3.1 Breast cancer

Wallace et al. (1982) compared diazepam use in 151 newly diagnosed breast cancer
cases at hospitals of the University of Iowa, United States, between 1974 and 1978 with
use in a similar number of women with non-cancer conditions selected from the general
medical and surgical wards. Matching variables included age and hospital payment
category. All subjects were white. The crude relative risk for breast cancer associated
with diazepam use was 1.0 [95% CI, 0.5-1.8]. Adjustment for other potential con-
founders such as age at menarche, parity, type of menopause and family history of breast
cancer did not affect the association. Details on refusal rates for controls were not
provided. [The Working Group noted the small number of cases and insufficient data on
refusal rates for controls.]



Table 4. Case—control studies of diazepam or benzodiazepine use

Study Location, No. of cases/  Source of Exposure Odds 95% CI  Notes
period controls controls ratio
Breast cancer
Wallace Iowa, USA, 151/151 Non-cancer  Diazepam, any use 1.0 [0.5-1.8]  Response rate not reported
etal. (1982) 1974-78 patients
Kleinerman USA, 1075/1146 Participants ~ Diazepam, any use 0.7 0.6-0.9 Invasive carcinoma > 1 cm
etal (1984) 1973-77 in screening - 0.9 0.6-1.3 Invasive carcinoma < 1 cm
programme 1.1 0.8-1.6 In-situ carcinoma
Kaufman USA, Canada, 1236/728 Cancer Diazepam, 4 times/week, 0.9 0.5-1.6 Similar results with ‘female’
etal. (1982) Israel, patients during > 6 months, cancer or other cancer controls
1976--80 > 18 months before
interview
Kaufman USA, 3078/1259 Cancerand  Diazepam, 4 times/week, 1.0 0.6-1.7 Similar results with non-cancer
etal. (1990) 1981-87 non-cancer  during = 6 months, controls
patients > 18 months before
interview
Toronto, 607/1214 Census Diazepam, 4 times/week, 0.8 0.5-1.3
Canada, records during > 6 months,
1982-86 > 18 months before
interview
Rosenberg  USA, 6056/1603 Cancer Benzodiazepine, sustained 1.0 0.8-1.3 Overlap with Kaufman e al.
etal. (1995) 1977-91 patients use" (1982, 1990). Similar results with
: non-cancer controls. Odds ratio for
2 5 years of benzodiazepine use:
0.8 (0.5~1.4)
Diazepam, sustained use’ 1.0 0.7-1.4
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Table 4 (contd)

Study Location, No. of cases/  Source of Exposure Odds 95% CI Notes

period controls controls ratio
Ovarian cancer
Tzonou Athens, 189/200 Visitors to ‘Tranquillizers or 1.0 0.6-1.6
etal. (1993) Greece, hospitals hypnotics’, any use

1989-91
Harlow & Boston, MA, 450/454 General Benzodiazepine, any use 1.8 1.0-3.1 Higher risk for use before age 50 or
Cramer USA, population 2 10 years before interview
(1995) 1978-81,

198487
Rosenberg  USA, 767/1603 Cancer Benzodiazepine, sustained 0.9 0.6-14 Similar results with non-cancer
etal. (1995) 1977-91 patients use’ controls. Odds ratio for = 5 years of

benzodiazepine use: 0.3 (0.1-0.9)
Diazepam, sustained use”* 1.0 0.6-1.6
Malignant melanoma
Adam & England and 150/496 General Diazepam, = 1 month 1.2 0.6-2.2 General practitioners’ records
Vessey Wales, practitioners
(1981) 1971-76 ’ patients
1017302 General Diazepam, > 1 month 1.7 0.9-3.2  Self-reported use
practitioners
’ patients
Rosenberg USA, 1457/3777 Cancer Benzodiazepine, sustained 1.0 0.8-14 Similar results with non-cancer
etal. (1995) 1977-91 patients use” controls. Odds ratio for > 5 years of
benzodiazepine use: 0.9 (0.5-1.7)
Diazepam, sustained use* 1.0

0.7-1.5
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Table 4 (contd)
Study Location, No. of cases/  Source of Exposure Odds 95% CI Notes
period controls controls ratio
Multiple myeloma :
Linet eral.  Baltimore, 100/100 Hospital Diazepam, any use 2.0 0.4-12
(1987) MD, USA, patients
1975-82
Lung cancer )
Rosenberg  USA, 1365/3777 Cancer Benzodiazepine, sustained 1.0 0.7-1.4 Similar results with non-cancer
etal. (1995) 1977-91 patients use’ controls. Odds ratio for 2 5 years of
' benzodiazepine use: 1.2 (0.6-2.6)
Diazepam, sustained use’ 0.8 0.5-1.2
Colon cancer
Rosenberg  USA, 2203/3777 Cancer Benzodiazepine, sustained 0.8 0.6-1.1 Similar results with non-cancer
etal. (1995) 1977-91 patients use’ controls. Odds ratio for > 5 years of
benzodiazepine use: 0.8 (0.5-1.2)
Diazepam, sustained use’ 0.7 0.5-1.0
Non-Hodgkin’s lymphoma
Rosenberg  USA, 382/3777 Cancer Benzodiazepine, sustained 0.8 0.5-1.4  Similar results with non-cancer
etal. (1995) 1977-91 patients use’ controls. Odds ratio for = 5 years of
benzodiazepine use: 0.8 (0.3-2.1)
Diazepam, sustained use’ 0.8 0.4-1.6
Hodgkin’s disease
Rosenberg USA, 299/3777 Cancer Benzodiazepine, sustained 0.6 0.3-14 Similar results with non-cancer
et al. (1995) 1977-91 patients use’ controls. Odds ratio for > 5 years of
benzodiazepine use: 1.2 (0.3-4.5)
Diazepam, sustained use 0.9 0.4-2.0

8Y
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Table 4 (contd)

Study Location, No. of cases/  Source of Exposure Odds 95% CI  Notes
period controls controls ratio

Thyroid cancer

Rosenberg  USA, 111/3777 Cancer Benzodiazepine, sustained 0.9 0.4-2.4 Similar results with non-cancer

etal. (1995) 1977-91 patients use” controls. Odds ratio for 2 5 years of

benzodiazepine use: 1.3 (0.3-6.0)

Diazepam, sustained use” 0.8 0.2-2.7

Liver cancer

Rosenberg  USA, 37/3777 Cancer Benzodiazepine, sustained 1.2 0.3-5.2 Similar results with non-cancer

et al. (1995) 1977-91 patients use’ controls
Diazepam, sustained use* 2.0 0.5-84

Endometrial cancer

Rosenberg  USA, 812/1603 Cancer Benzodiazepine, sustained 1.2 0.8-1.9 Similar results with non-cancer

etal. (1995) 1977-91 patients use’ controls. Odds ratio for 2 5 years of

benzodiazepine use: 1.4 (0.6-2.9)

Diazepam, sustained use’ 1.4 0.8-2.3

Testicular cancer

Rosenberg  USA, 314/2174 Cancer Benzodiazepine, sustained 1.2 0.5-3.1 Similar results with non-cancer

et al. (1995) 1977-91 patients use” controls
Diazepam, sustained use” 1.4 0.4-4.7

“2 4 times/week, during > 1 month, > 24 months before interview
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Kleinerman er al. (1984) examined the association between breast cancer and
diazepam use in white women participating in the Breast Cancer Detection
Demonstration Project in the United States between 1973 and 1977. The study included
1075 prevalent cases who had a histologically confirmed breast cancer detected during
the five-year period and 1146 controls selected from women with normal mammographic
results that did not require biopsy. Controls were matched by screening centre, age and
date at entry and length of continuation in the screening programme. Exposures were
assessed by home interview, and participation rates were 86% for cases and 74% for
controls. Only diazepam use begun at least six months before the date of the breast
cancer diagnosis was considered. The relative risk associated with diazepam use for
invasive tumours > 1 ¢cm was 0.7 (95% CI, 0.6-0.9), that for invasive tumours <1 cm
was 0.9 (0.6-1.3) and that for in-situ tumours was 1.1 (0.8-1.6). [The Working Group
noted that some drug-exposed women with poor survival may not have been included in
this study.]

Data on breast cancer in relation to diazepam use are available from a hospital-based
case—control surveillance system (Kaufman er al., 1982, 1990; Rosenberg ef al., 1995).
[These three studies, although reported separately, may overlap in either study
methodology or subjects included.] In the first report from this series, diazepam use was
ascertained by personal interviews in 1236 women less than 70 years old diagnosed with
primary breast cancer in the six months before admission and 728 controls admitted to
metropolitan hospitals in the United States, Canada and Israel during 1976-80 (Kaufman
et al., 1982). Control women had other cancers including other ‘female’ cancers such as
endometrial or ovarian cancer. Of patients approached, 5% refused to be interviewed.
The principal analyses excluded use of diazepam in the 18 months before hospital
admission, to avoid the possibility of recording use begun after a diagnosis of breast
cancer or because of clinical symptoms preceding the diagnosis, and also focused on
‘regular’ use of diazepam (defined as use of the drug for at least four days per week) and
‘sustained regular’ use (for a total duration of at least six months). Potential confounding
factors considered were age, geographical region, education, religion, parity, age at first
pregnancy, menopausal status, age at menopause, family history of breast cancer and
alcohol use. The relative risk for breast cancer associated with regular use of diazepam
for six months or more was 0.9 (95% CI, 0.5-1.6), with all other cancers as the control
group. The relative risk for breast cancer associated with regular use of diazepam for less
than six months was 0.8 (0.4-1.4), with all other cancers as the control group. The
relative risks were no greater for women with metastatic disease. Similar risk estimates
were found when women with either other cancers or ‘other female’ cancers were used
as the control group.

These investigators extended their study with data from 3078 breast cancer cases, 18—
69 years old, with cancer diagnosed within six months before admission, interviewed
between 1981 and 1987 in hospitals in the metropolitan United States and from three
separate control groups interviewed over the same time period (Kaufman et al., 1990).
As in the previous study, women with other cancers (754) or with other ‘female’ cancers
(505) were included as controls. A non-cancer control group (672) was also included,
which was composed primarily of women with ectopic pregnancy (281), appendicitis
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(230) or retinal detachment (100). Women admitted for trauma were not included
because of the possibility that diazepam increases the risk for accidents. Of patients
approached, 4% refused to be interviewed. The authors adjusted for age, geographical
region, education, religion, parity, menopausal status, age at menarche, first birth and:
menopause, family history of breast cancer, alcohol, oral contraceptive and other benzo-
diazepine use. In this study, the percentage of white women varied from 64% in the non-
cancer controls to 90% in the female cancer controls, and race was included as an
adjustment variable. Regular use of diazepam, defined as in the previous study, was
associated with a relative risk for breast cancer of 1.0 (95% CI, 0.6-1.7), compared with
controls with any other cancer and 0.8 (0.4-1.8) compared with the non-cancer controls.
Risks were similar for ‘sporadic’ use of diazepam, defined as use beginning at least 18
months before interview and lasting for less than six months or use involving fewer than
four days per week. ‘Recent’ use of diazepam (beginning within 18 months of interview)
was also associated with a significantly elevated risk for breast cancer of 1.9 (1.1-3.1),
compared with controls with any other cancer and 5.6 (2.3-13.6) compared with the non-
cancer controls. [With respect to ‘recent use’, see the comment below.]

In the same publication, results of a separate study of 607 cases of breast cancer
identified between 1982 and 1986 through the Ontario Cancer Institute, Canada, were
reported (Kaufman er al., 1990). Controls in this study were 1214 women selected from
municipal voting and census records matched for neighbourhood and decade of age.
Refusal rates were 21% among potential cases and 35% among potential controls. The
relative risks for breast cancer associated with categories of diazepam use, as defined
above, were 0.8 (95% (1, 0.5-1.3) for regular use, 1.1 (0.8-1.5) for sporadic use and 3.1
(1.5-6.4) for recent use. [With respect to ‘recent use’, see the comment below. ]

In the most recent and comprehensive report using this hospital surveillance system to
investigate possible effects of benzodiazepine exposure, not only breast cancer but also
other cancers were analysed (Rosenberg er al., 1995). The 6056 breast cancer cases
included some previously reported cases from 1977 to 1987 as well as new cases
admitted between 1988 and 1991. The primary control group was 1603 women with
other cancers excluding those of the endometrium or ovary. Participation rates were
about 96% and adjustment was made for age at menarche, first pregnancy and
menopause, parity, religion, education, race, family history of breast cancer and duration
of use of oral contraceptives or oestrogen replacement therapy. In contrast to the
previous reports from this series, ‘recent’ use was defined in relation to a two-year
interval before hospital admission, rather than an 18-month interval. ‘Sustained’ use of
diazepam for at least four days per week for one month initiated two or more years
before admission was associated with a relative risk for breast cancer of 1.0 (95% (I,
0.7-1.4). For sustained use of all benzodiazepines combined, risk did not vary
significantly with the number of years since last use or with a duration of use of five
years or more.

[The Working Group noted that the elevated risks for breast cancer associated with
benzodiazepine use within the ‘recent’ period before hospital admission observed in
some of these studies could be attributed to drug use begun after the diagnosis of breast
cancer. More precise information on the timing of the drug exposure in relation to the



52 IARC MONOGRAPHS VOLUME 66

date of diagnosis of breast cancer rather than the interview date might have clarified this
potential bias.]

2.3.2  Ovarian cancer

Tzonou et al. (1984) studied 150 women with malignant epithelial ovarian tumours
newly diagnosed during 1980 and 1981 in 10 hospitals in Athens, Greece, and compared
them with 250 women in the Athens Hospital for Orthopedic Disorders. No controls
approached were said to have refused, but participation rates for cases were not stated.
‘Frequent’ use of ‘psychotropic’ drugs was reported by eight cases and two controls,
giving a crude odds ratio of 7.0 [95% CI, 1.8-27] for ovarian cancer associated with use
of these drugs. [The Working Group noted that the indications given by the authors for
‘frequent’ use of ‘psychotropic’ drugs in this study suggest that benzodiazepines may
have been used infrequently.]

In a subsequent report, the same investigators compared drug use in 189 women less
than 75 years old with malignant epithelial ovarian cancer diagnosed during 1989-91 in
two hospitals in greater Athens with that of 200 visitors to the same hospitals (Tzonou
et al., 1993 ). Participation rates were 90-94%. The relative risk associated with ever use
of ‘tranquillizers or hypnotics’ over an ‘extended’ period was 1.0 (95% CI, 0.6~1 .6) after
adjustment for age, education, weight, age at menarche and menopause, parity, smoking
and other study variables.

[The Working Group noted the small number of exposed subjects in both studies, a
possible lack of appropriateness of the control selection and the lack of specificity of
information on the agent and its duration of use.]

Benzodiazepine use was investigated in a study which combined two case—control
studies conducted previously from ten hospitals in Boston, MA, United States (Harlow &
Cramer, 1995). The study included 450 cases of malignant epithelial ovarian cancer
diagnosed between 1978-81 and 1984-87 in women 18—80 years old and 454 controls
identified from the general population during the same period and matched for age, race
and precinct of residence. Participation rates for cases and controls were around 70%.
Any use of a benzodiazepine tranquillizer was associated with a relative risk for ovarian
cancer of 1.8 (95% CI, 1.0-3.1) after adjustment for parity, oral contraceptive use,
religion, body mass, prior hysterectomy and therapeutic abortion. Risk appeared to be
confined to women whose first use of the drug either was before the age of 50 years,
where the relative risk was 2.7 (1.3-5.6), or occurred 10 or more years before the age at
diagnosis (3.2; 1.4-7.6). [The Working Group noted that more specific data on risk for
ovarian cancer by frequency or duration of drug use would have been helpful in
establishing the validity of this association.]

Data on diazepam use in relation to ovarian cancer are also available from the study
by Rosenberg er al. (1995), described previously. Among 767 women with ovarian
cancer, sustained use of diazepam was reported by 25 (4.3%), giving a relative risk of 1.0
(95% CI, 0.6-1.6).
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2.3.3 Other cancers

A case—control study of malignant melanoma in women, aged 1549 years, in relation
to diazepam use was conducted from a survey of general practitioners in southern
England between 1971 and 1976 (Adam & Vessey, 1981). Controls were selected from
the practice lists of the same doctors and matched by age and marital status. The relative
risk for malignant melanoma associated with use of diazepam for more than one month,
as assessed from the general practitioners’ records, based on 150 cases and 496 controls
was 1.2 (95% CI, 0.6-2.2). The risk was 1.7 (0.9-3.2) for diazepam use as assessed from
postal questionnaires completed by 101 cases and 302 controls. [The Working Group
noted that the poor response rates to the postal questionnaire may have accounted for the
marginally greater risk for melanoma associated with diazepam use if a greater number
of responding cases recalled short-term use.]

A hospital-based case—control study of multiple myeloma was conducted in
Baltimore, MD, United States (Linet ez al., 1987). A total of 121 cases of multiple
myeloma in white patients were ascertained from seven hospitals during the period
I January 1975 to 31 December 1982. Controls were individually matched to cases on
hospital, age (+ 5 years), sex and year of diagnosis. The control group included patients
randomly selected from 11 categories of disease which included digestive and nervous
system diseases, accidents and poisoning but excluded diagnoses of cancer, diseases of
blood-forming organs, mental disorders, obstetric conditions and congenital anomalies.
Information about many factors was obtained from the study subjects with a
questionnaire by telephone; if the individual concerned had died or could not be
interviewed for any other reason,-information was sought from the closest possible
relative. The response rate was 83% among cases, leaving 100 cases for analysis. Data on
drug use occurring before diagnosis were analysed. The crude odds ratio associated with
diazepam use, based on nine discordant pairs, was 2.0 (95% CI, 0.4—-12). [The Working
Group noted that the diagnostic categories for controls could have been associated with
exposure to diazepam. In addition, the greater number of proxy interviews for cases than
controls could not be adjusted for with diazepam as the exposure.]

The study by Rosenberg et al. (1995), described previously, addressed risk for other
cancers associated with diazepam use. For sustained use of diazepam, defined as use for
at least four days per week for at least one month which had been initiated at least two
years before admission, relative risks for selected sites were: 0.7 (95% CI, 0.5-1.0) for
cancer of the large bowel, 0.8 (0.5-1.2) for lung cancer, 0.9 (0.4-2.0) for Hodgkin’s
disease, 0.8 (0.2-2.7) for cancer of the thyroid, 2.0 (0.5-8.4) for liver cancer, 1.4
(0.8-2.3) for endometrial cancer and 1.4 (0.4-4.7) for testicular cancer. [See Section
2.3.1 for the Working Group’s comments on this study.]

Anthony er al. (1982) surveyed general practitioners in the United Kingdom and
requested information on medications used by any new patients with cancer and by age-
and sex-matched controls who were the ‘next’ patient with a ‘new’ complaint not related
to cancer. Six (possibly seven) of 211 male patients with cancer (mostly lung) had taken
barbiturates and benzodiazepines concomitantly, compared to none of 211 male controls
[ =0.03]. [The Working Group noted that participation by the general practitioners was
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voluntary and quite variable and that the study may have included drug exposures
postdating the cancer diagnosis.]

3. Studies of Cancer in Experimental Animals

3.1 Oral administration

3.1.1 Mouse

Diazepam was included as a reference compound in a study on the carcinogenicity of
prazepam. Groups of 100 male and 100 female albino CF! mice (control group) and 50
male and 50 female mice (diazepam group), eight weeks of age, were given 0 or
75 mg/kg bw diazepam (melting point, 131-135 °C) mixed in the diet for up to 80 weeks,
when surviving animals were killed. The dose was chosen to match the high-dose level
of prazepam. The diazepam concentration in the food was adjusted weekly for changes in
body weight and food consumption. The diazepam/diet mixtures were prepared freshly
each week. In treated mice, body-weight gains were similar to those of controls
throughout the study. From graphic presentations, there appeared to be no significant
effect on mortality in male mice, but the diazepam-treated females had lower survival
(65-75% survival for control and diazepam-treated males, 70% for control females and
40% for diazepam-treated females) [statistics and exact numbers not given]. Major
organs [not specified] and visually apparent lesions were examined histologically. By life
table analysis, the incidences of benign hepatocellular tumours were (tumour-bearing
mice/effective number of mice): control males, 1/93; diazepam-treated males, 2/43:
control females, 1/91; and diazepam-treated females, 0/38. Those for malignant hepato-
cellular tumours were: control males, 7/93; diazepam-treated males, 9/43 (p < 0.05, chi-
square test); control females, 1/91; and diazepam-treated females, 2/38 (de la Iglesia
etal., 1981). [The Working Group noted that diazepam was tested only as a reference
chemical and that the study was terminated at 80 weeks. ]

3.1.2 Rat

Diazepam was included as a reference compound in a study on the carcinogenicity of
prazepam. Groups of 115 male and 115 female albino SPF Wistar rats (control group)
and 65 male and 65 female rats (diazepam group), eight weeks of age, were given either
0 or 75 mg/kg bw diazepam (melting-point, 131135 °C) daily mixed in the diet for up to
104 weeks, when surviving animals were killed. The diazepam concentration in the food
was adjusted weekly for changes in body weight and food consumption. The diazepam/-
diet mixtures were prepared freshly each week. In treated rats, body weight gains were
similar to those of controls throughout the study. From graphic presentations, there
appeared to be no significant effect on mortality (50-60% survival for males and about
60% for females) [statistics and exact numbers not given]. Major organs [not specified]
and visually apparent lesions were examined histologically. No significant increase in the
incidence of tumours at any site was seen for either male or female rats. The incidences
of benign hepatocellular tumours were: control males, 1/115; diazepam-treated males,
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0/65; control females, 1/115; and diazepam-treated females, 0/65. Those for malignant
hepatocellular tumours were: control males, 0/115; diazepam-treated males, 3/65
[p =0.054, Fisher’s exact test]; control females, 0/115: and diazepam-treated females,
0/65 (de la Iglesia et al., 1981).

To study initiating activity, groups of 10 male Fischer 344 rats weighing 150 g [age
not specified] were given 7 and 70 mg/kg bw diazepam (purity, > 99%) suspended in
10% arabic gum solution daily by gastric instillation for 14 weeks. Forty rats served as
untreated controls. Neoplastic nodules and iron-excluding foci were not found in the
livers of diazepam-treated animals nor in those of the controls (Mazue et al., 1982;
Remandet et al., 1984).

3.1.3  Hamster

Groups of 55-56 male and 55-56 female Syrian golden hamsters were given
120 mg/kg bw diazepam mixed in the diet for 57 weeks (females) or 79 weeks (males).
Approximately 110 hamsters per sex served as controls. Some intercurrent deaths, mostly
after week 30, occurred from severe enteritis. No significant increase in the incidence of
tumours was found (Black er al., 1987). [The Working Group noted the single dose, that
diazepam was used as a reference compound for a study on quazepam and that specific
data on survival were not given.]

3.1.4  Gerbil

Groups of 15 male and 12 female gerbils [strain and age not specified] were given
10 mg diazepam [purity not specified] per animal by gastric instillation weekly. Eleven
males and ten females receiving saline served as vehicle controls. Male and female
controls survived 80 and 69 weeks, respectively, while gerbils receiving diazepam
survived 79-81 weeks. Complete histopathology was performed as animals died or
became moribund, and two ovarian granulosa-cell tumours in control females were the
only tumours reported (Green & Ketkar, 1978). [The Working Group noted the small
numbers of animals and the weekly administration of diazepam.]

3.2 Administration with known carcinogens
3.2.1 Mouse

Groups of 40 male B6C3F1 mice, five weeks of age, were given a single intra-
peritoneal injection of either 0 or 90 mg/kg bw N-nitrosodiethylamine (NDEA) in
tricaprylin. At seven weeks of age, the mice received 500 or 1500 mg/kg diet (ppm)
diazepam [purity unspecified] in the diet. Eight mice per group were killed at 9, 21 and
33 weeks of exposure and the remainder were killed after 53 weeks of exposure.
Complete necropsy was performed on each animal, and liver, lung, spleen, thyroid,
kidney and visually apparent lesions in other organs were examined histologically.
Between 33 and 53 weeks of exposure, there was an increase in the incidence of hepato-
cellular tumours in animals treated with NDEA and diazepam compared with those given
NDEA alone (see Table 5) (Diwan et al., 1986).
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Table 5. Incidence of liver tumours in B6C3F1 mice

Treatment Hepatocellular  Hepatocellular
adenomas carcinomas

NDEA 10/16 0/16

NDEA + 500 ppm diazepam  13/14 5/14°

NDEA + 1500 ppm diazepam  15/15° 9/15"

500 ppm diazepam 0/16 0/16

1500 ppm diazepam 3/15 0/15

From Diwan et al. (1986)
“[p < 0.05, Fisher’s exact test compared with NDEA controls]
*[p < 0.01, Fisher’s exact test compared with NDEA controls]

3.2.2 Rat

Groups of 10 or 20 male Fischer 344 rats weighing 170 g [age unspecified] were fed
basal diets or diets containing 200 mg/kg (ppm) 2-acetylaminofluorene (2-AAF) for eight
weeks. The daily dose was estimated to be approximately 15 mg/kg bw. In one group of
10 rats, this was followed by 12 weeks’ treatment with 70 mg/kg bw diazepam in 10%
arabic gum solution (purity > 99%) daily by gastric instillation. There was no significant
increase in the incidence of neoplastic nodules of the liver: untreated controls (20 rats), 0
neoplastic nodule/liver; 2-AAF alone (20 rats), 0.2 neoplastic nodule/liver; and 2-AAF
plus diazepam (10 rats), 0.5 neoplastic nodule/liver (Mazue et al., 1982: Remandet et al.,
1984). [The Working Group noted the small number of animals and the single dose level
of diazepam.] |

Groups of 10 male weanling Donryu rats, 21 days of age, were fed a diet containing
600 mg/kg (ppm) 3’-methyl-4-(dimethylamino)azobenzene for three weeks, then left for
a week on basal diet followed by either basal diet or a diet with 500 mg/kg diazepam
[purity unspecified] (daily intake, approximately 50 mg/kg bw) for a further 12 weeks.
The rat livers were scored for adenosine triphosphatase (ATPase)-deficient islands
greater than 50 pm in diameter. There was no significant difference between rats on basal
diet and those given diazepam in the total number of enzyme-altered islands/cm’
(control, 9.76 + 1.32; diazepam-treated, 8.64 + 0.80) or in the number of enzyme-altered
islands >400 pm (control, 1.03 + 0.24; diazepam-treated, 1.33 +0.34) (Hino &
Kitagawa, 1982).

323  Gerbil

Groups of 24 male and 16 female gerbils [strain and age not specified] were given
10 mg diazepam [purity not specified] per animal by gastric instillation weekly plus
30 min later weekly subcutaneous injections of 23 mg/kg bw NDEA for life. Groups of
20 male and 19 female gerbils receiving weekly subcutaneous administrations of NDEA
only served as positive controls. Groups of 11 male and 10 female gerbils receiving
weekly subcutaneous administrations of saline served as vehicle controls. Gerbils
receiving NDEA plus diazepam tended to survive approximately 20 weeks longer than
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gerbils receiving NDEA alone. The incidence of nasal cavity adenocarcinomas was high
in both groups: 92-95% in males and 63-69% in females. In gerbils receiving NDEA
alone, 85% males and 84% females had cholangiocarcinomas of the liver versus none in
the NDEA plus diazepam group (75% females and 83% males had cholangiomas of the
liver). Male gerbils receiving NDEA plus diazepam had three hepatocellular adenomas
and one male and one female had a hepatocellular carcinoma versus none in the NDEA
group (Green & Ketkar, 1978). [The Working Group noted the small number of animals
and that diazepam was administered weekly. ]

3.3 Carcinogenicity of metabolites

See the monographs on oxazepam (pp- 119-123) and temazepam (pp. 164-165).

4. Other Data Relevant to an Evaluation of
Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion
4.1.1  Humans

The disposition of diazepam has been reviewed (Mandelli e al., 1978; Schmidt,
1995). Diazepam is rapidly and almost completely absorbed following oral doses of 5, 10
or 20 mg; peak plasma concentrations are usually obtained within 30-90 min and a
secondary peak during the elimination phase has been observed in some studies (Baird &
Hailey, 1972; Hillestad et al., 1974; Gamble et al., 1975; Kanto, 1975; Korttila &
Linnoila, 1975; Schmidt, 1995). Peak plasma concentrations vary widely (30-fold range)
in different subjects given the same dose of diazepam (Gamble er al., 1973). Oral admi-
nistration of two 5-mg tablets to 48 healthy male volunteers aged 18-44 years resulted in
peak plasma concentrations after 0.9 h (range, 0.5-2.5 h) of 406 ng/mL (range, 253-586
ng/mL) (Greenblatt ef al., 1989). Results were similar among pregnant women receiving
single 10-mg doses during the first trimester (Jorgensen et al., 1988). Intravenous
administration of 10 or 20 mg diazepam to volunteers gave peak plasma concentrations
of 700-800 ng/mL and 1100-1607 ng/mL, respectively, within 3—15 min. Intramuscular
administration is not clinically useful in adults, but, in newborn babies and children
under 12 years, doses of 0.24-1 mg/kg bw give peak plasma concentrations of 206—1400
ng/mL in 10-60 min (reviewed in Schmidt, 1995). Diazepam has a low pK, and is
lipophilic and consequently distributes quickly into lipoid tissues, and rapidly crosses the
blood-brain barrier. A distribution phase with a usual half-life of about 1 h following a
single dose precedes the elimination phase (Kaplan er al., 1973; Klotz ez al., 1976a,b;
Mandelli et al., 1978). Plasma protein binding of diazepam is about 97% (van der Kleijn
et al., 1971; Klotz et al., 1976b). Irrespective of the route of administration, the terminal
elimination half-life is usually within the range of 24-48 h, and mean values of about
32 h have been obtained in several single-dose studies (reviewed by Schmidt, 1995).
Somewhat longer half-lives (mean of 44 h) were measured by Greenblatt er al. (1989) in
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healthy male volunteers, and longer half-lives are also obtained following repeated admi-
nistration (Kaplan et al., 1973; Mandelli ef al., 1978). Elimination half-lives were longer
in premature newborn babies (75 = 35 h) than in full-term newborn babies (31 + 2 h)
(Morselli, 1977). Plasma clearance values (CL,) are typically 15-35 mL/min for diaze-
pam and 7-11 mL/min for N-desmethyldiazepam. The values tend to be lower in cases of

liver disease and, at least for N-desmethyldiazepam, after the age of 60 years (Schmidt,
1995).

Diazepam has two major metabolic pathways in humans (see Figure 1), involving
either the loss of the N -methyl group, yielding N-desmethyldiazepam, which is then
oxidized at C, to oxazepam, or the direct oxidation at C,, yielding temazepam. The
elimination of oxazepam and temazepam is reviewed in sections 4.1.1 of the respective
monographs in this volume. N-Desmethyldiazepam is the major circulating metabolite of
diazepam, as some 50-60% of diazepam is demethylated (Bertilsson et al., 1990). The
plasma concentrations of N-desmethyldiazepam approach those of diazepam following a
single dose, and typically exceed those of diazepam after multiple doses, since the
elimination half-life of this metabolite is much longer (50—120 h) than that of diazepam.
Thus, in the data tabulated by Schmidt (1995), the half-lives of N-desmethyldiazepam are
longer than those of diazepam in every situation where both were measured (in
volunteers, psychiatric patients, epileptic patients, the elderly and patients with liver
disease). N-Desmethyldiazepam has a longer half-life (40120 h) than diazepam (20—
54 h) in adults (Mandelli et al., 1978; Bertilsson et al., 1990). There have been few
studies of the excretion of diazepam and its metabolites, but it appears that conjugation is
important before elimination. Schwartz et al. (1965) found that approximately 71% of
orally administered diazepam and its metabolites is excreted in the urine and 10% in the
faeces. It is not clear whether conjugated oxazepam or conjugated N-desmethyldiazepam
is the more important urinary metabolite (Schwartz et al., 1965; Morselli et al., 1973;
Kanto ef al., 1974; Arnold, 1975). In a recent, but preliminary, study (Chiba et al., 1995),
four male volunteers aged 2440 years were given a single dose of 4 mg diazepam orally
and urine was collected over 96 h. Following treatment of the urine with B-glucuro-
nidase/sulfatase, diazepam was not detectable and the cumulative excretion of N-des-
methyldiazepam, temazepam and oxazepam was 3.9 +0.4, 6.6 + 1.4 and 2.8 + 0.6% of the
dose, respectively. Enterohepatic circulation might explain the long elimination half-life
of diazepam and the secondary peak observed in some studies during the elimination
phase, but most studies indicate that diazepam is not excreted in the bile in significant
amounts (reviewed in Schmidt, 1995).

Diazepam is able to cross the placenta rapidly (deSilva et al., 1964; Idinpiin-
Heikkila et al., 1971a; Jgrgensen et al., 1988) and accumulates in the fetus with slow
elimination of its active metabolite. The fetal plasma levels of diazepam are equal to or
1.2 times higher than the maternal plasma concentrations (Cavanagh & Condo, 1964;
Erkkola et al., 1974); the level of its active metabolite, N-desmethyldiazepam, is excep-
tionally high in fetal liver (Erkkola e al., 1974). After the use of diazepam in labour,
diazepam and N-desmethyldiazepam persist in the newborn for eight days postpartum
(Cree et al., 1973). Diazepam and its active metabolite also pass from the mother’s blood
into breast milk (Erkkola & Kanto, 1972; Cole & Hailey, 1975).
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Figure 1. Postulated metabolic pathways of diazepam

CH,
)

N‘i
Cl : =N

OH
4'-Hydroxydiazepam:
rat
CH; H H
| o |0 ,l\, O
S oS oS
Cl N
. N-Desmethyldiazepam OH
Diazepam (nordiazepam): man
4-Hydroxydesmethyl-
diazepam: rat
CH;, H
0 | o
N N
@ O @ OH
Cl — N Cl =N
@ ©
3-Hydroxydiazepam (temavzepam; Oxazepam: man
N-methyloxazepam): man Glucuronide: dog, mouse,
Glucuronide: mouse, rat, dog. rat. guinea-pig, rabbit
guinea-pig, rabbit
CH; H
I o | o
N N
@ \i—()H @ {*OH
Cl =N Cl =N
OH OH
+-Hydroxytemazepam: rat 4-Hydroxyoxazepam: rat

Adapted from Schmidt (1995)
Major steps are indicated by thick arrows. Note that the chlorine at the 7 position remains intact.



60 IARC MONOGRAPHS VOLUME 66

Diazepam clearance shows marked interindividual differences. Factors which might
contribute to this phenomenon include age, sex, smoking, liver disease, enzyme induc-
tion or inhibition and genetic factors affecting the regulation of metabolism (Klotz et al.,
1975, 1977; Greenblatt et al., 1980; Ochs et al., 1981a,b; Abernethy et al., 1983; Ochs
etal., 1983; Alda et al., 1987; Bertilsson et al., 1989; Zhang et al., 1990; Sohn et al.,
1992). With regard to the importance of the regulation of metabolism, a relationship was
observed in studies of Swedish volunteers (Bertilsson ef al., 1989) and Korean volunteers
(Sohn et al., 1992) between more rapid elimination of diazepam and high S-mephenytoin
hydroxylase activity (but see Section 4.1.2). There was no relationship with debrisoquin
hydroxylation [CYP2D6] polymorphism among the Swedish subjects (Bertilsson et al.,
1989). No significant difference in the clearance of diazepam was found between
Chinese subjects who were extensive or poor S-mephenytoin hydroxylators (Zhang et al.,
1990). Bertilsson and Kalow (1993) suggested that the racial differences can be
explained in terms of the chance selection of different proportions of heterozygotes and
homozygotes in these studies.

4.1.2 Experimental systems

In contrast to the extensive human pharmacokinetic investigations, equivalent in-vivo
studies in experimental animals are rare. Garattini et al. (1973) gave rats, mice and
guinea-pigs 5 mg/kg bw diazepam by intravenous injection and measured blood levels of
diazepam, N-desmethyldiazepam and oxazepam at times from 1 min up to 40 h. Maximal
diazepam concentrations of 2.33 + 0.10, 1.36 £ 0.11 and 1.70 £ 0.10 ug/mL were found
at 1 min in rats, mice and guinea-pigs, respectively. The blood levels were negligible by
5 h in rats and mice and by 10 h in guinea-pigs. In rats, N-desmethyldiazepam was
detected only at 0.10 + 0.01 pg/mL after 5 min, while oxazepam was not detected at all.
However, in mice, N-desmethyldiazepam concentrations were significant from 1 min to
10 h, with a maximum at 30 min of 1.15 + 0.04 ug/mL and significant oxazepam
concentrations were found between 30 min and 10 h, with a maximum at 3 h of 0.22
*+0.02 ug/mL. In guinea-pigs, concentrations of N-desmethyldiazepam were significant
from 1 min to 20 h, with a maximum at | h of 0.37 £ 0.07 ug/mL, but no oxazepam was
detected.

Lukey er al. (1991) administered a single dose of 100 pg/kg bw diazepam to six male
rhesus monkeys by intramuscular injection. The maximal serum concentration of
diazepam was 49.6 £ 13.9 ng/mL at 28.7 + 3.6 min, while that of N-desmethyldiazepam
was 38.4 + 8.8 ng/mL at 169.8 £ 60.5 min. The volume of distribution and systemic
clearance values were 1.5 L/kg and 19.4 mL/min/kg, respectively, assuming 100% bio-
availability. Serum protein binding was about 95%.

Diazepam and N-desmethyldiazepam accumulate in adipose tissue. Garattini et al.
(1973) found that adipose tissue/blood ratios in mice given 5 mg/kg bw diazepam intra-
venously varied from about 4 (at 5 min) to > 6 (at 5 h) while in mice given the metabolite
(5 mg/kg bw), the corresponding ratios were 3 (at 5 min) and > 45 (at 5 h). Accumulation
also occurred in the brain. Maximal diazepam concentrations in the brain after intra-
venous administration of 5 mg/kg bw were 7.04 £ 0.37 ug/g and 4.28 £ 0.14 pg/g at
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[ min in mice and rats, respectively, and 6.28 + 0.30 pg/g at 5 min in guinea-pigs. The
brain : blood ratios varied from 2.6 (at 1 h) to 5.2 (at | min) in mice, from 1.8 (at I min)
to 5.8 (at 3 h) in rats and from 2.8 (at I h) to 9.8 (at 5 min) in guinea-pigs.

The distribution of diazepam to certain tissues was examined in rats given 83 pg/kg
bw by intraperitoneal injection (Takatori et al., 1991). Serum concentrations were 3.75 +
0.62 ng/mL at I h and 0.28 + 0.05 ng/mL at 4 h. Diazepam was also found in the saliva,
bone marrow and brain. From 1 h to 8 h after administration, the concentration in bone
marrow was higher than that in serum by factors of about 1.2-8.0. Over the period 2-8 h
after dosing, concentrations in the serum, saliva and brain were similar. Transplacental
transfer of diazepam occurs in mice, hamsters and monkeys (Idénpain-Heikkild er al.,
1971b).

Early studies of the metabolism of diazepam revealed substantial interspecies diffe-
rences (see Figure 1), whether studied in vivo or by in-vitro methods using liver micro-
somes (Garattini et al., 1973). N-Demethylation (yielding N-desmethyldiazepam) and
C.-oxidation (yielding temazepam) occur to various extents in all species studied, but
hydroxylation at the 4’-position of the 5-phenyl substituent is a major pathway in the rat.
The resulting phenolic derivatives of diazepam, N-desmethyldiazepam, oxazepam and
temazepam are all found in rat urine. This pathway seems to be negligible in most other
species, apart from rabbits (Jommi et al., 1964). Oxazepam can be formed either from
temazepam (by N-demethylation) or from N-desmethyldiazepam (by C,-oxidation). The
C,-hydroxy compounds (oxazepam and temazepam) are eliminated in urine as glu-
curonides by mice (Marcucci er al., 1968), rats (Schwartz et al., 1967), guinea-pigs
(Marcucci et al., 1971), rabbits (Jommi et al., 1964) and dogs (Ruelius et al., 1965). The
glucuronide and/or sulfate conjugates of several metabolites have also been identified in
the intestinal contents of a rat dosed intraperitoneally with 100 mg/kg bw diazepam
(Schwartz et al., 1967).

In single-pass experiments with perfused male CD-1 mouse liver and an tnput
concentration of 0.5 uM, diazepam was rapidly cleared, with a steady-state extraction
ratio of 0.952 (St-Pierre & Pang, 1993). The mean hepatic clearance was 1.74 +
0.21 mL/min/g, which was very close to the perfusate flow rate (1.82 mL/min/g). The
metabolites recovered were (authors’ terminology): nordiazepam (N-desmethyl-
diazepam) (47.7 £ 6.5%); nordiazepam conjugate (3.7 + 2.1%); oxazepam (28.6 + 7.1%);
oxazepam glucuronide (1.7 % 0.7%); 4’-hydroxynordiazepam (0.6 + 0.2%); 4’-hydroxy-
nordiazepam glucuronide (0.9 + 0.3%); temazepam (0.7 + 0.2%): temazepam glucu-
ronide (0.3 £ 0.1%).

The metabolism of diazepam in cultured hepatocytes and subcellular preparations has
also been studied extensively. An early study showed that diazepam undergoes both
N-demethylation and C -hydroxylation in dog and rat liver in vitro, reactions that are
NADPH-dependent and inducible by phenobarbital (Schwartz & Postma, 1968).
Subsequently, Ackermann and Richter (1977) demonstrated that the oxidations are
mediated by cytochrome P450, using human fetal liver preparations. The CYP2C]I 1
isozyme catalyses the N-demethylation reaction, although other isozymes are also
involved, while CYP3A2 is the major catalyst tor C -hydroxylation (Reilly et al., 1990;
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Neville et al., 1993; Yasumori ef al., 1993). S-Mephenytoin does not inhibit either N-de-
methylation or C -hydroxylation of diazepam by human liver microsomes (Hooper et al.,
1992). The human S-mephenytoin hydroxylases appear to be CYP2C9 or CYP2CI8
enzymes (Nebert ef al., 1989; Wilkinson er al., 1989: Romkes er al., 1991), so the
apparent relationship between rapid diazepam clearance and high S-mephenytoin
hydroxylase activity observed in humans (see Section 4.1.1) remains to be explained.

4.2 Toxic effects

4.2.1  Humans
(a) Acute toxicity

In a recent report on 215 lethal intoxications due to self-poisoning with diazepam
alone or in combination with other substances, diazepam was associated with a higher
rate of death per million prescriptions than the average for benzodiazepine anxiolytics
such as lorazepam and oxazepam. However, this may not reflect a higher toxicity of
diazepam, since diazepam was used more frequently together with alcohol than the other
tranquillizers investigated (Serfaty & Masterton, 1993). In non-lethal intoxications, the
symptoms consist mainly of an enhancement of the therapeutic effects, with severe
drowsiness, oversedation and ataxia, while in some cases, particularly in elderly persons,
a paradoxical excitation may be induced. Rare but severe acute adverse effects after
therapeutic intravenous administration include respiratory or cardiac arrest or both
(reviewed by Dollery et al., 1991).

(b)  Chronic toxicity.

In addition to the effects associated with psychological and physical dependence and
rebound withdrawal phenomena, extremely rare but serious adverse reactions are
increases in the levels of serum aminotransferase and alkaline phosphatase, jaundice
(both hepatocellular and cholestatic), leukopenia, hypersensitivity reactions such as skin
rashes, single cases of exfoliative dermatitis and. in predisposed persons, circulatory and
respiratory depression (reviewed by Dollery et al., 1991). Taking into account the
widespread use of diazepam over a long period, the virtual lack of adverse effects
reported in the literature suggests the absence of organ toxicity associated with chronic
administration.

422 Experimental svstems

(a)  Acute toxicity

Average oral LD, values of 1901 and 1517 mg/kg bw in mice and rats. respectively,
have been reported. The average LD, values after intraperitoncal administration were
774 mg/kg bw in mice and 661 mg/kg bw in rats (Owen ef al., 1970).

(b)Y  Subchronic and chronic foxicity

Groups of 20 Charles River CD rats (10 male, 10 female) were administered 0. 600.
1250 or 2500 mg/kg diet (ppm) diazepam orally in the dict for 20-22 wecks. No deaths
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occurred in either control or treated rats, and neither food consumption nor body weight
differed significantly between the four groups. No haematological or ophthalmological
effect of diazepam was found, but kidney and pancreas weights in males and liver
weights in males and females were greater at all doses. In addition to the mild renal
alterations observed in males of all treated and control groups, some males of the high-
dose group had histopathological traces of brown, finely granular material within the
epithelial cells of the renal proximal convoluted tubules in the absence of gross toxicity.
Mild alteration of the thyroid architecture was observed in some animals in each treated
group, the acini appearing condensed and containing less colloid than usual (Owen et al.,
1970).

Groups of four dogs were given 80, 127 or 200 mg/kg bw orally by capsule 30 min
before feeding daily for four weeks (Owen et al., 1970). One dog of the high-dose group
died and marked losses in weight were observed in the mid- and high-dose groups
associated with decreased food consumption due to severe sedation and somnolence; in
addition, increased emesis was induced in the three treated groups. The authors
suggested weakness and starvation as the cause of death. Haematological examination
revealed elevated haemoglobin, haematocrit, total red cell count and blood viscosity in
the mid- and high-dose groups; increased weights of the kidneys and adrenal gland were
also observed in these two groups. Most dogs treated with diazepam displayed histo-
pathological and biochemical signs of hepatobiliary dysfunction and some gonadal
changes, namely testicular atrophy.

[The Working Group noted that, since the study of Owen et al. (1970) focused on
evaluating oxazepam toxicity, with diazepam administered only for comparison
purposes, the description of the effects of diazepam is incomplete on many points and the
number of animals treated with diazepam was very small.]

(¢)  Effects on cell proliferation and differentiation and on steroidogenesis: the
role of peripheral benzodiazepine receptors

The anxiolytic and hypnotic effects of diazepam are mediated via GABAergic
receptors in the central nervous system. In addition, diazepam can affect peripheral
organs, in particular the immune and endocrine system, directly through a second class of
binding sites. Although the peripheral benzodiazepine receptors are ubiquitous in the
organism, they are localized in very specific regions of the different organs and their
density is strictly controlled by endocrine and neural mechanisms. In generalized anxiety
disorders in humans and in chronically stressed or food-deprived experimental animals,
the density of the peripheral benzodiazepine receptors is decreased in most organs, while
diazepam administration has been reported to induce upregulation (Gavish et al., 1992;
Ferrarese et al., 1993). These peripheral benzodiazepine receptors are mitochondrial
proteins consisting of two subunits. The ‘diazepam-binding inhibitor’ peptide is a
putative endogenous ligand for peripheral benzodiazepine receptors. This polypeptide
has been purified from the brain and from a variety of other organs such as the liver,
kidney and adrenal glands, and probably functions as a precursor of smaller biologically
active neuropeptides that interact preferentially with either central or peripheral benzo-
diazepine receptors (Ferrarese et al., 1993).
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Experimental evidence suggests that the effects of diazepam on cell proliferation and
differentiation observed in vitro are mediated via binding to benzodiazepine receptors.
Such effects include blockage of mitogenesis in Swiss 3T3 cells, induction of differen-
tiation in murine Friend erythroleukaemia cells, acceleration of melanogenesis in mouse
melanoma cells, and inhibition of proliferation of human glioma cells, rat pituitary
tumour cells and cultured mouse spleen lymphocytes in vitro (Wang et al., 1984;
Pawlikowski er al., 1988a,b; Kunert-Radek et al., 1994). In contrast, a single subcuta-
neous injection of diazepam induced increased thymic mitotic activity in rats in vivo
(Stepien et al., 1988). Inhibition of plasma membrane calcium influx through voltage-
dependent channels has been repeatedly discussed as a mechanism possibly involved in
the inhibitory effects on cell proliferation mediated via peripheral benzodiazepine
receptors (Pawlikowski et al., 1988b; Ferrarese et al., 1993).

In adrenocortical and testicular Leydig cells and cultured cell lines, the ‘diazepam-
binding inhibitor’ peptide, as well as other ligands including diazepam, stimulate
hormone-induced steroid biosynthesis, probably by binding to peripheral benzodiazepine
receptors and thus mediating the translocation of cholesterol from the outer to the inner
mitochondrial membranes and regulating cholesterol side-chain cleavage to pregne-
nolone (Krueger & Papadopoulos, 1990; Ferrarese et al., 1993). The extent of stimu-
lation correlates with the binding affinity of the different ligands to these peripheral
receptors (Mukhin et al., 1989; Ferrarese et al., 1993). ‘Diazepam-binding inhibitor’ has
been also suggested to stimulate the release of corticotropin-releasing factor from
neurons and to stimulate the synthesis of neurosteroids in glial cells (Ferrarese et al.,
1993). Earlier studies in vivo demonstrated that diazepam increases corticosterone and
testosterone secretion in rats, as well as plasma levels of testosterone and 11-hydrocorti-
coids in humans (Marc & Morselli, 1969: Argiielles & Rosner, 1975). In contrast, fluni-
trazepam has been reported to antagonize the stimulatory effect of purified ‘diazepam-
binding inhibitor’ on steroidogenesis in vitro (Papadopoulos ez al., 1991).

The presence of peripheral benzodiazepine receptors in both animal and human
tumours has been explored extensively. Increased density was demonstrated in various
tumours, such as rat gliomas, human gliomas or astrocytomas, human colon adeno-
carcinomas and human ovarian and prostatic carcinomas; in contrast, peripheral benzo-
diazepine receptors were absent in renal carcinomas (Katz et al., 1988: Ferrarese et al.,
1989; Gorman er al., 1989; Katz et al., 1989, 1990). The localization of these binding
sites in the mitochondria raises the possibility that they might be involved in inter-
mediary metabolism and in respiratory control; hence quantitative and/or qualitative
changes in their function might bring about important alterations in cellular bio-.
chemistry. However, the available data are fragmentary and do not allow assessment of
the role of peripheral benzodiazepine receptors in tumour formation.

(d) Effects on the immune system

The effects of diazepam on the immune functions have been studied both in vitro and
in vivo with conflicting results: both stimulatory and inhibitory effects have been
demonstrated. Diazepam injected one day after immunization stimulated the humoral
immune response of mice to sheep red blood cells, probably as a result of T cell-
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dependent antigen binding to peripheral benzodiazepine receptors on macrophages
(Ferrarese et al., 1993). The presence of peripheral benzodiazepine receptors on the mito-
chondrial and plasma membranes of peripheral lymphocytes was demonstrated immuno-
cytochemically. Compounds that act exclusively on central GABAergic receptors do not
exert immune functions (Ferrarese er al., 1992). Further studies in vitro demonstrated
that binding of ‘diazepam-binding inhibitor’ and diazepam to the peripheral benzo-
diazepine receptors is involved in monocyte chemotaxis and enhances the production of
interleukin-1 and tumour necrosis factor-o (Ruff et al., 1985; Taupin et al., 1991). In
contrast, diazepam at micromolar concentrations, which can be achieved therapeutically
in blood, hibited phagocytosis and killing of Candida albicans cells by human poly-
morphonuclear cells and monocytes in virro (Covelli et al., 1989). At similar concen-
trations, diazepam also suppressed the activity of natural killer cells isolated from human
peripheral blood against erythroleukaemia target cells, suggesting the possibility of
impairment of antiviral and antitumour defence in humans taking diazepam (Stepien
etal., 1994). However, it is also possible that the demonstrated elevated levels of
‘diazepam-binding inhibitor’ in stress and anxiety are responsible for the reduced density
of peripheral benzodiazepine receptors on lymphocytes and mediate, together with the
increased levels of adrenal steroids, the immunosuppressive effects of stress (Ferrarese
etal., 1993). Hence, although the involvement of peripheral receptors in immuno-
modulation can be considered as proven, the role of diazepam versus ‘diazepam-binding
inhibitor’ remains to be elucidated (Zavala & Lenfant, 1987).

4.3 Reproductive and prenatal effects

4.3.1 Humans

The maternal metabolism of diazepam during pregnancy is discussed in Section 4.1.1.

Three kinds of developmental consequences of diazepam treatment during pregnancy

can be differentiated:

(i) Congenital abnormalities, i.e., the possible classical teratogenic effect of diaze-
pam used mainly in the first trimester of gestation.

(i) Short-term functional alterations that are manifested postnatally and are related
mainly to diazepam treatment in the perinatal period.

(iii) Long-term postnatal developmental (including behavioural) effects which in
general are connected with diazepam intake in the second and third trimesters of
gestation, i.e., after the development of specific brain receptors for benzo-
diazepines.

(a) Possible teratogenic effect
The possible teratogenic effects are considered according to the circumstances of
exposure of the mother.

Undefined exposure circumstances

The data of the Finnish Register of Congenital Malformations (1967—71) showed a
significant association between oral clefts and maternal intake of antianxiety drugs
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(Saxén, 1975). Extended analysis of the Finnish case—control material (Saxén & Saxén,
1975) indicated significantly greater use of benzodiazepines (diazepam, oxazepam,
nitrazepam or chlordiazepoxide) in the first trimester by the mothers of affected children
(14 versus 5) among 232 children with isolated cleft palate and 226 matched controls
(p < 0.05). Benzodiazepine use was greater, but not significantly so, in 232 children with
isolated cleft lip with or without cleft palate than in 230 matched controls (11 versus 4).
[The Working Group noted that benzodiazepines were not differentiated and that con-
founding factors such as maternal illness and use of other drugs were not controlled.]

In the Metropolitan Atlanta Congenital Defects Program monitoring the incidence of
birth defects since 1967, Safra and Oakley (1975) found, by interviews of 49 women
who had infants with cleft lip with or without cleft palate, a history of diazepam
ingestion in the first trimester in seven, and in nine of 229 mothers of children with other
congenital abnormalities (relative risk, 4.1; 95% CI, 1.5-11.5). The other abnormalities
included Down’s syndrome, tracheo-oesophageal fistula and/or atresia, small-bowel,
rectal and anal atresia, omphalocele, diaphragmatic hernia and limb reductions. The
corresponding relative risk estimate for cleft palate alone was 0.9 based on one exposed
infant. Later, Safra and Oakley (1976) considered the results of their previous study to be
inconclusive because there was no association between secular trends in the prevalence
at birth of children with cleft lip with or without cleft palate and in drug sales.

In a hospital-based study in Norway, Aarskog (1975) evaluated retrospectively 12
(1 exposed in the first trimester) cases with cleft palate and 99 (6 exposed in the first
trimester) cases with cleft lip with or without cleft palate born in 1967-71 and 362 (9
exposed in the first trimester) controls born in 1972-75. The number of subjects exposed
to diazepam in the first trimester was significantly higher in the combined group with
oral clefts than that of controls. [The Working Group noted that the validity of the study
1s uncertain in view of the different study periods for cases and controls. Moreover, cleft
lip with or without cleft palate is etiologically distinct from isolated cleft palate.]

Czeizel (1976) conducted an ad-hoc population-based study using data from the
Hungarian Congenital Malformation Registry for the period 1970-75. Of 413 cases with
cleft lip with or without cleft palate, 121 cases with cleft palate alone and a control series
comprising 843 cases with neural-tube defects, 20 (4.8%), 2 (1.7%) and 37 (4.4%),
respectively, had mothers who reported having received diazepam treatment in the first
trimester of pregnancy. The differences were not statistically significant. -

Subsequently, Czeizel (1988) analysed the data-set of the Hungarian Case—Control
Surveillance System of Congenital Abnormalities for 1980—-84. Approximately 15% of
pregnant Hungarian women used diazepam in the 1980s (Czeizel & Racz, 1990).
Maternal diazepam use in the first, second and third months of pregnancy did not differ
significantly between 355 cases with isolated cleft lip with or without cleft palate, 167
cases with isolated cleft palate and similar numbers of matched healthy controls. A pros-
pective follow-up study was based on women who visited genetic counselling clinics
between 1973 and 1980 following exposure to potentially hazardous environmental
factors during early pregnancy. Of 546 women, 33 had ingested benzodiazepines, mainly
diazepam,; their 26 liveborn babies had no congenital abnormality.
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Rosenberg et al. (1983) compared the use of diazepam during the first four lunar
months of pregnancy in 445 infants with cleft lip with or without cleft palate, in 166
infants with cleft palate alone and in 2498 controls with congenital abnormalities other
than oral clefts from the birth defect surveillance system in Boston, MA, and
Philadelphia, PA, United States, and Toronto, Canada, in 1976—82. The relative risk,
adjusted for several confounding factors, was 0.8 (95% ClI. 0.4-1.7) for cleft lip with or
without cleft palate and 0.8 (0.2-2.5) for cleft palate alone.

In a prospective study of 33 249 pregnant women, in the Birth Defects Study of the
National Institute of Child Health and Human Development and Kaiser-Permanente in
the United States, Shiono and Mills (1984) found no increase, based on 854 cases, 1n the
relative risk for oral clefts associated with exposure to diazepam during the first trimester
(relative risk, 1.2; 95% CI, 0.17-9.0).

Exposure by attempted suicide

Two retrospective studies were carried out in Budapest and the surrounding area in
1960-79 (Czeizel et al., 1984, 1988) and 1980-84 (Czeizel & Lendvay, 1987; Lendvay
& Czeizel, 1992) and one prospective study between 1985 and 1986 (Czeizel &
Lendway, 1987) in self-poisoned pregnant women. [The Working Group calculated that,
in these two studies, 46 pregnancies ended in births to mothers who had used diazepam
for self-poisoning. Relatively low doses (25-45 mg) were used by 3 women, while
higher doses of 50-95 mg were used by 11, 100-145 mg by 20 women, 150-195 mg by
3 women and more than 200 mg by 7 women. Of the children, only one was affected by
congenital abnormality (Fallot tetralogy). Since the expected rate of congenital abnorma-
lities was about 6.5% (Czeizel er al., 1993), it appears that single, extremely high doses
of diazepam did not cause an increase in the rate of detectable defects in the offspring. ]

Gunnarskog and Killén (1993) observed that, of 70 infants born in Sweden to
mothers exposed to psychoactive drugs as a result of suicide attempts during the organ-
forming period, 20 of whom were exposed to benzodiazepines, none had a congenital ab-
normality. [Specific drugs were not mentioned. ]

Psychotherapeutic exposure

Several studies relate to the offspring of women who had psychiatric disorders for
which they received high doses of benzodiazepines throughout pregnancy.

Laegreid et al. (1987) reported seven cases exposed to benzodiazepines. All offspring
had intra- and extrauterine growth retardation, facial dysmorphism and central nervous
system dysfunctions. Of five cases with maternal exposure to diazepam, one had sub-
mucous cleft of the hard palate and secondary hydronephrosis, another was affected with
submucous cleft hard palate and a third one with microcephaly and left renal aplasia.
These cases resembled, but were not identical to, the fetal alcohol syndrome but abuse of
alcohol was denied by all the mothers. All the mothers had received 30-75-mg daily
doses of benzodiazepines throughout pregnancy, in some cases confirmed by the exami-
nation of stored blood samples for diazepam. Laegreid er al. (1989) reported two new
cases with similar findings.
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In addition, Laegreid et al. (1990) carried out a population-based study of surviving
live births born in 1985-86 in Gothenburg, Sweden. Twenty-five children were identified
with one or more of (a) embryopathy-fetopathy not otherwise specified, (b) oral clefts,
(c) defects of the central nervous system and (d) urinary tract malformations. It was
possible to analyse maternal plasma in 18 of these cases (three were reported in previous
papers) and eight samples were found to be benzodiazepine-positive, including seven for
diazepam. A control series of 109 children was selected using paired sampling. Of 60
controls for whom blood analysis could be carried out, two were positive, both for
diazepam. The difference in the proportion exposed to diazepam was highly significant.

Laegreid er al. (1992a) studied psychotropic drug use in the mothers of all 73
perinatally dead infants in the city of Gothenburg, Sweden, in 1985-86 and in control
mothers of 73 surviving infants. Serum samples obtained in early pregnancy were
screened for benzodiazepines. Eighteen case-mothers had used psychotropic drugs
(benzodiazepines in nine) during pregnancy as documented from case-notes, compared
with seven control mothers (benzodiazepines in three). The association between benzo-
diazepine drug use and perinatal death was significant (p = 0.03), but confounding due to
psychiatric disorders and other drug use could not be excluded.

Bergman er al. (1990) evaluated the follow-up of the children of 4640 mothers in
1971-86 for their exposure to diazepam, oxazepam or nitrazepam during pregnancy.
Only six of the pregnant women appeared to be regular benzodiazepine users (two
diazepam, two oxazepam, one nitrazepam and one diazepam plus nitrazepam) and none
of their six children had abnormalities.

Later, Bergman et al. (1992) examined benzodiazepine use during pregnancy in
104 339 women whose deliveries were recorded by the United States public health
insurance system, Medicaid, during 1980-83. Of 80 pregnant women who had received
10 or more benzodiazepine prescriptions (63 diazepam, 36 chlordiazepoxide, 8 lora-
zepam, 13 flurazepam), three experienced fetal death and two infants were found to have
lethal congenital abnormalities. Records of 64 surviving children could be linked to these
80 pregnancies (11 survivors could not be located), and six children had congenital
abnormalities of various types. These defects differed from the pattern described by
Laegreid er al. (1987, 1989, 1990); in particular, there were no oral clefts.

(b)y  Short-term functional alterations

There are case reports of floppy infant syndrome (namely hypotonia, hyporetlexia,
apnoeic spells, reluctance to feed, a risk for inhalation of feeds, impaired metabolic
responses to cold, hypothermia, low Apgar rating at birth) associated with diazepam
treatment of pregnant women at doses of 30 mg or more within the 15 hours before
delivery (Owen et al., 1972; Cree et al., 1973).

Acute withdrawal effects (namely depressed respiration, hypothermia and feeding
difficulties) have been documented in neonates exposed to diazepam in utero for long
pertods (Cree et al., 1973). The time of onset of the symptoms, their severity and
duration were related to the dosage and fetal kinetics (including elimination) of the drug
(Mazzi, 1977; Mac New & Finnigan, 1980).
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(¢) Human long-term postnatal studies

The behavioural development of 101 children (and their 117 siblings) of pregnant
women who attempted suicide has been studied (Lendvay & Czeizel, 1992). Forty-two of
the mothers had used diazepam during pregnancy. Some of the children had behavioural
alterations which could be explained mainly by their familial and social problems.

Laegreid et al. (1992b,c) examined the neurodevelopment of 17 children born to 16
mothers who used benzodiazepines throughout pregnancy: 15 used diazepam (5-30 mg
daily) or oxazepam (15-60 mg daily) alone or in combination and one mother used lora-
zepam. The results were compared with those for 29 children born to mothers without
any known use of psychotropic drugs. A neurological investigation was performed on the
second day of life. Significant differences in the frequency of pre- and perinatal compli-
cations and in neurobehaviour were found between the two groups. The benzodiazepine-
exposed children recovered from their lower mean birth weight at an early stage, whereas
their slightly decreased head circumference at birth remained lower. Gross motor deve-
lopment was retarded at six and 10 months, but was nearly normal at 18 months.
Impaired fine motor functions were found on all follow-up occasions (at six, 10 and 18
months of age).

The cases studied by Laegreid et al. (1990, 1992b,c) were followed up prospectively
in late infancy and found to have a general delay in mental development up to 18 months
of age associated with prenatal exposure to benzodiazepines (Viggedal er al., 1993). [The
Working Group noted that all the mothers in the benzodiazepine group had psychiatric
disorders, and these have an important negative effect on children’s development (Cox,
1988). In addition, neuropsychological symptoms are frequent among children of abusers
of psychoactive substances (Deren, 1986; Van Baar ef al., 1989).]

4.3.2 Experimental systems

Few experimental data are available concerning the effect of diazepam on repro-
duction. The incidence of abnormal sperm heads was significantly higher in mice after a
daily oral dose of 0.5 mg diazepam (Kar & Das, 1983; Sram & Kocisova, 1984).

Guerriero and Fox (1977) found a significant decrease in mating performance, with
depressed birth weights, among Swiss-Webster mice given a diet containing 500 mg/kg
diazepam.

In A/J mice given a single intramuscular dose of 100 mg/kg diazepam on day 14 of
pregnancy, the frequency in the offspring of both cleft lip with or without cleft palate and
cleft palate only was 3.4% (Walker & Patterson, 1974). The authors observed that this
was lower than the frequency of spontaneous occurrence of these defects reported in
other series.

Miller and Becker (1975) treated Swiss-Webster mice with 50, 100, 140 or 500 mg/kg
bw diazepam by gastric instillation once daily for three days on gestation days 8—10 or
days 11-13 or for one day only between days 8 and 15 or with 280 or 400 mg/kg bw for
one day only between days 11 and 14. The highest dose was associated with a maternal
mortality rate of 50%. When 140 mg/kg bw diazepam was administered on day 13, there
was 21% fetal resorption. The incidence of cleft palate was significantly increased in the
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offspring of mice treated with 140 mg/kg bw diazepam on days 11, 12 and 13, and with
single-day administrations of 400 mg/kg bw on days 11-14 and 500 mg/kg bw on days 9
and 1'1-15.

Tocco et al. (1987) reported an increase in the frequency of cleft palate in Swiss-
Webster and AJ mice following two-day dosing with 400 mg/kg bw diazepam by gastric
instillation on days 13.5 and 14.5. Maternal mortality was high (50% or more) but no
increase in resorption was observed.

In rats, no abnormality was caused by oral administration of 20 or 80 mg/kg bw
diazepam per day on days 615 of gestation (Beall, 1972). Saito et al. (1984) did not find
a significant increase in any abnormalities after oral administration of 100 mg/kg bw
diazepam on gestation days 8—14 in Sprague-Dawley rats.

In hamsters, exencephaly, cleft palate and limb defects were detected after a single
oral dose of 30, 50, 70 or 100 mg on days 8 and 10 or single intravenous injections of
10 mg diazepam on day 11. There was no dose-related effect (Shah et al., 1979). A
single intraperitoneal injection of 120-980 mg/kg bw diazepam on day 8 of gestation
induced a dose-related increase in the frequency of fetal malformations in hamsters,
mainly exencephaly or cranioschisis, at doses of 280 mg/kg and above (Gill ef al., 1981).

No structural abnormality was observed in the offspring of two rhesus monkeys
treated orally with diazepam (0.5-3.2 mg/kg bw) twice daily during the second and third
trimesters, nor in those of three monkeys treated during the third trimester only (Jerome
et al., 1981). [The Working Group noted that there was no treatment during the first
trimester. ]

Specific receptors for benzodiazepines develop at the beginning of the fetal period in
the central and peripheral nervous systems of rats (Braestrup & Nielsen, 1978).
Behavioural studies have demonstrated pronounced effects in rodents following exposure
to diazepam during late gestation. In rat models, prenatal exposure to diazepam and other
benzodiazepines resulted in behavioural deficits in pups (Kellogg er al., 1980), such as
learning and memory disabilities (Gai & Grimm, 1982), the absence of acoustic startle
reflexes and the impairment of conditioned avoidance response (Kellogg, 1992) which is
dependent on the time of treatment (Frieder et al., 1984). However, diazepam prevented
the adverse effects of maternal restraint stress in postnatal development and learning in
rats (Barlow ef al., 1979).

A chick embryotoxicity screening test did not show any teratogenic effect of
diazepam (Peterka et al., 1992).

4.4  Genetic and related effects (see also Table 6 for references and Appendices |
and 2)

44.1 Humans

The first published report of a possible association between exposure to diazepam and
chromosomal aberrations in the lymphocytes of patients using the drug as a tranquillizer
(four patients) or for its muscle-relaxing properties (19 patients) was that of Stenchever
et al. (1970). These patients were compared with eight controls. Although there was no
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Table 6. Genetic and related effects of diazepam

Test system Result’ Dose’ Reference
(LED/HID)
Without With
€xogenous  exogenous
metabolic metabolic
system system
SAD, Salmonella typhimurium, DNA repair - NT 400 Waskell (1978)
SAOQ, Salmonella typhimurium TA100, reverse mutation - - 500 Waskell (1978)
SAQ, Salmonella typhimurium TA100, reverse mutation - - 2500 Balbi et al. (1980)
SAO, Salmonella typhimurium TA100, reverse mutation - - 500 Preiss et al. (1982)
SAOQ, Salmonella typhimurium TA100, reverse mutation - ~ NG Matula & Downie
(1983) (abstract)
SAS, Salmonella typhimurium TA1535, reverse mutation - - 2500 Balbi et al. (1980) o
SAS, Salmonella typhimurium TA1535, reverse mutation - - 500 Preiss et al. (1982) g
SA7, Salmonella typhimurium TA1537, reverse mutation - - 2500 Balbi et al. (1980) g3l
SA7, Salmonella typhimurium TA1537, reverse mutation - - 500 Preiss et al. (1982) ;
SAS, Salmonella typhimurium TA1538, reverse mutation - - 500 Preiss et al. (1982) <
SA9, Salmonella typhimurium TA98, reverse mutation - - 500 Waskell (1978)
SA9, Salmonella typhimurium TA98, reverse mutation - - 2500 Balbi et al. (1980)
SA9, Salmonella typhimurium TA9S, reverse mutation - - 500 Preiss et al. (1982)
SA9, Salmonella typhimurium TA9S8, reverse mutation - - NG Matula & Downie
(1983) (abstract)
SCR, Saccharomyces cerevisiae, reverse mutation - NT NG Matula & Downie
(1983) (abstract)
SCH, Saccharomyces cerevisiae, mitotic recombination and gene - NT NG Matula & Downie
conversion (1983) (abstract)
SCN, Saccharomyces cerevisiae, aneuploidy - NT 250 Whittaker ez al. (1990)
SCN, Saccharomyces cerevisiae, aneuploidy - NT 300 Albertini (1990)
ANN, Aspergillus nidulans, aneuploidy - NT 200 Crebelli et al. (1991)
URP, Unscheduled DNA synthesis, rat primary hepatocytes - NT 0.5 Swierenga et al. (1983)
(abstract)
URP, Unscheduled DNA synthesis, rat primary hepatocytes - NT 1000 Williams et al. (1989) ~



Table 6 (contd)
Test system Result* Dose’ Reference
(LLED/HID)
Without With
€xogenous  exogenous
metabolic metabolic
system system
G9H, Gene mutation, Chinese hamster lung V79 cells, hprt locus in vitro - - 250 Rohrborn et al. (1984)
: (abstract)
GIA, Gene mutation, rat primary hepatocytes, hprt locus in vitro - - 50 Swierenga er al. (1983)
: (abstract)
MIA, Micronucleus test, Chinese hamster (CI-1) cells in vitro + NT 20 Antoccia et al. (1991)
MIA, Micronucleus test, Chinese hamster lung V79 cells in vitro + NT NG Bonatti ez al. (1992)
MIA, Micronucleus test, Chinese hamster pulmonary (Luc 2) cells in vitro  + NT 10 Lynch & Parry (1993)
MIA, Micronucleus test, Chinese hamster lung V79 cells in vitro + NT 100 Seelbach et al. (1993)
CIC, Chromosomal aberrations, Chinese hamster lung CHL cells in vitro - ? 1000 Matsuoka et al. (1979)
CIC, Chromosomal aberrations, Chinese hamster lung CHL cells in vitro - NT 125 Ishidate er al. (1988)
CIC, Chromosomal aberrations, Chinese hamster (CHE-3N) cells in vitro ? NT 100 Lafi & Parry (1988)
AlA, Polyploidy, Chinese hamster (Don) cells in vitro + NT 100 Satya-Prakash er al.
(1984)
AIA, Aneuploidy, Chinese hamster (Don) cells in vitro NT + 100 Hsu er al. (1983)
AIA, Aneuploidy, Chinese hamster (CHE-3N) cells in vitro (hypodiploidy)  (+) NT 100 Lafi & Parry (1988)
AIA, Aneuploidy, primary Chinese hamster embryonic cells in vitro + NT 10 Natarajan et al. (1993)
AIA, Aneuploidy, Chinese hamster pulmonary (Luc 2p4) cells in vitro + NT 10 Warr et al. (1993)
(hypodiploidy and polyploidy)
*, c-Mitoses, Chinese hamster (Cl-1) cells in vitro + NT 60 Antoccia et al. (1991)
TCL, Cell transformation, BHK 21-C13 cells in vitro - + 130 Réhrborn et al. (1984)
X (abstract)
SHF, Sister chromatid exchange, human fibroblast cell line in vitro - NT 28.5 Sasaki et al. (1980)
MIH, Micronucleus test, human lymphocytes in vitro - NT 75 Migliore & Nieri
(1991)
MIH, Micronucleus test, human fibroblasts in vitro + NT 25 Bonatti et al. (1992)
MIH, Micronucleus test, human lymphocytes in vitro + NT 30 Ferguson er al. (1993)

L
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Table 6 (contd)

Test system Result’ Dose’ Reference
(LED/HID)
Without With
€X0genous  exogenous
metabolic metabolic
system system
CHF, Chromosomal aberrations, human primary fetal fibroblasts in vitro - NT 50 Staiger (1969)
CHF, Chromosomal aberrations, human fibroblast cell line in vitro - NT 25 Staiger (1969)
CHF, Chromosomal aberrations, human fibroblast cell line in vitro - NT 28.5 Sasaki et al. (1980)
CHL, Chromosomal aberrations, human lymphocytes in vitro - NT 50 Staiger (1970)
CHL, Chromosomal aberrations, human lymphocytes in vitro - - NG Rohrborn er al. (1984)
(abstract)
AlIH, Aneuploidy, human primary fibroblasts in vitro - NT 50 Staiger (1969)
AIH, Aneuploidy, human fibroblast.cell line i vitro - NT 25 Staiger (1969)
AIH, Aneuploidy, human lymphocytes in vitro (hypodiploidy) + NT 25 Sbrana et al. (1993)
*, c-Mitoses, human lymphocytes in vitro + NT 50 Sbrana er al. (1993)
DVA, DNA strand breaks, rat liver in vivo - 285pox1 Carlo et al. (1989)
DVA, DNA strand breaks, rat liver in vivo - 57pox15 Carlo et al. (1989)
MVM, Micronucleus test,- mouse bone marrow in vivo (+) 22 pox1 Kar & Das (1979)
MVM, Micronucleus test, mouse bone marrow in vivo + 20 pox2 Das & Kar (1986)
MVM, Micronucleus test, mouse bone marrow in vivo - 150ip x 1 Adler et al. (1991)
MVM, Micronucleus test, mouse bone marrow in vivo - 30ipx1 Leopardi e al. (1993)
MVM, Micronucleus test, mouse bone marrow in vivo (+) 10x 1V Marrazzini et al. (1994)
CBA, Chromosomal aberrations, Chinese hamster bone marrow in vivo - 300 po x 10 Schmid & Staiger
(1969)
CBA, Chromosomal aberrations, rat bone marrow in Vivo - 500 po x 10 Neda er al. (1977)
CBA, Chromosomal aberrations, mouse bone marrow in Vivo (+) 75ip x 7 Petersen er al. (1978)
(abstract)
CBA, Chromosomal aberrations, mouse bone marrow in vivo - 0.85ipx 1 Degraeve er al. (1985)

(abstract)
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Table 6 (contd)
Test system Result Dose’ Reference
(LED/HID)
Without With
€xogenous  exogenous
metabolic metabolic
system system
CBA, Chromosomal aberrations, mouse bone marrow i Vivo - 0.85ipx22 Degraeve er al. (1985)
(abstract)
CBA, Chromosomal aberrations, mouse bone marrow in vivo (+) 1000 po x 28 KociSovd & Sram
_ ' (1985) (abstract)
CBA, Chromosomal aberrations, rat bone marrow in vivo - 500 po x 10 Ishimura ez al. (1975)
‘ (abstract)
CBA, Chromosome aberrations, mouse bone marrow in vivo - 100 ip x 1 Xu & Adler (1990)
CBA, Chromosomal aberrations, mouse bone marrow in vivo - 10x 1/ Marrazzini et al. (1994)
CGG, Chromosomal aberrations, mouse spermatogonia treated in vivo, - 0.85ipx 22 Degraeve er al. (1985)
spermatagonia observed (abstract)
CCC, Chromosomal aberrations, mouse spermatocytes treated in vivo, - 0.85ip x 22 Degraeve et al. (1985)
spermatocytes observed (abstract)
DLM, Dominant lethal test, mouse in vivo +) 22pox 15 Kar & Das (1979)
DLM, Dominant lethal test, mouse in vivo - 0.85 ip x 40 Degraeve et al. (1985)
(abstract)
DLM, Dominant lethal test, mouse in vivo - 1000 po x 28 Srdm & Kocigova
(1985)
*, c-Mitoses, mouse bone marrow i vivo - 1501p x 1 Miller & Adler (1989)
AVA, Polyploidy, mouse bone marrow in Vivo - 100 ip x 1 Xu & Adler (1990)
AVA, Aneuploidy, mouse secondary spermatocytes in vivo (+) 150 ip x 1 Miller & Adler (1992)
AVA, Aneuploidy, mouse bone marrow in vivo - 30ipx 1 Leopardi er al. (1993)
AVA, Aneuploidy, mouse secondary spermatocytes in vivo - 30ipx 1 Leopardi er al. (1993)
AVA, Aneuploidy, mouse oocytes in vivo - 150ip x 1 Mailhes & Marchetti

(1994)

VL
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Table 6 (contd)

Test system Result’ Dose” Reference
(LED/HID)
Without With :
eX0genous  exogenous
metabolic metabolic
system system
AVA, Aneuploidy, male mouse germ cells in vivo + 150 ip x 1 Gassner & Adler
(1995)
AVA, Aneuploidy, mouse bone marrow in vivo (+) 10x 1 Marrazzini et al. (1994)
SLH, Sister chromatid exchange, human lymphocytes in vivo - 0.2 pox1 Husum er al. (1985)
SLH, Sister chromatid exchange, human lymphocytes in vivo + NG Huong et al. (1988)
CLH, Chromosomal aberrations, human lymphocytes in vivo - 0.5 po x 1¢ Cohen et al. (1969)
CLH, Chromosomal aberrations, human lymphocytes in vivo - 0.3 pox 1" Stenchever et al. (1970)
CLH, Chromosomal aberrations, human lymphocytes in vivo - 0.30ivx 1] White et al. (1974)
CLH, Chromosomal aberrations, human lymphocytes in vivo + NG Huong et al. (1988)
CLH, Chromosomal aberrations, human lymphocytes in vivo - 24pox 1 van Bao er al. (1992)
MVH, Micronucleus test, human lymphocytes in vivo - 24pox | van Bao et al. (1992)
AVH, Aneuploidy, human cells in vivo (hypodiploidy) + 24pox |’ van Bao et al. (1992)
*, Inhibition of tubulin assembly in vitro - 712 Brunner et al. (1991)
*, Inhibition of tubulin assembly in vitro + 285 Wallin & Hartley-Asp
(1993)
ICR, Inhibition of intercellular communication, Chinese hamster lung + 1.25 Trosko et al. (1982)
(V79) cells in vitro
ICR, Inhibition of intercellular communication, rat liver epithelial cells - 10 Wilder &
Liitzelschwab (1984)
ICR, Inhibition of intercellular communication, mouse hepatocytes in vitro  + 25 Diwan et al. (1989)
ICR, Inhibition of intercellular communication, Chinese hamster lung ? 20 Toraason er al. (1992)
(V79) cells in vitro
ICH, Inhibition of intercellular communication, human hepatoma cellular - 10 Rolin-Limbosch e al.

carcinoma cell line (SK-HEP-1)

(1987)

WNVddZVvida
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Table 6 (contd)
Test system Result" Dose” Reference
(LED/HID)
Without With
€X0genous  exogenous
metabolic metabolic
system system
SPM, Sperm morphology, mouse in vivo + 20 pox 15 Kar & Dass (1983)
SPM, Sperm morphology, mouse in vivo + 200 po x 28 Kocisova & Srdm
(1985) (abstract)
BFA, Urine of mouse, Ames test, Salmonella typhimurium TA100 + + 200 po x 1 Batzinger et al. (1978)
BFA, Urine of mouse, Ames test, Salmonella typhimurium TA98 + + 200 po x 1 Batzinger et al. (1978)
BFA, Urine of mouse, Ames test, Salmonella typhimurium TA100 - 200 Matula & Downie
(1983) (abstract)
BFA, Urine of mouse, Ames test, Salmonella typhimurium TA98 - 200 Matula & Downie
(1983) (abstract)
* Metabolites from canine gastric mucosa in vitro, Ames test, Salmonella NT + NG Rice et al. (1981)
typhimurium TA98
* Metabolites from human gastric mucosa in vitro, Ames test, Salmonella ~ NT + NG Rice eral. (1981)

typhimurium TA98

*Not shown on profile
‘ +, positive; (+), weak positive; —, negative; NT, not tested; ?, inconclusive

" LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, ig/mL; in-vivo tests, mg/kg bw/day; NG, dose not given

‘ Kinetochore-positive
? Negative for polyploidy
* Size ratio of micronuclei to main nucleus indicates aneuploidy induction

’ Both intraperitoneal and oral routes were used when no useful indication concerning the most effective route was available from the literature.

¢ Average daily dose from six patients treated for 36—-72 months

" Average daily dose from 23 patients teated for 0.5-36 months. One patient had a significant increase in cells with breaks following treatment

(30 mg/day x 18 months)

' Average estimated dose from 25 self-poisoned individuals. Increase in hypodiploidy but not polyploidy 6—12 h after poisoning; no increase 3 and 30

days after poisoning

9L
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overall difference between the groups, three patients had elevated levels of chromosomal
aberrations and one of these in particular showed chromosomal breakage in 15.3% of the
cells examined, but, on re-examination six months after discontinuing the drug, only
control levels of damage were found.

With regard to sister chromatid exchange, Torigoe (1979) studied 20 epileptic
children (10 boys, 10 girls; age, 4-23 years) who had taken two to six anticonvulsant
drugs for one to 18 years and 20 controls (10 boys, 10 girls; age, 615 years) who did not
receive any drugs for at least six months; they found no significant difference between
control subjects and epileptic patients. In the study of Husum ef al. (1985), the peripheral
lymphocytes of 34 persons (18 men and 16 women undergoing minor surgery) were
examined before and 2-5 h after oral administration of a single 0.2 mg/kg bw dose of
diazepam; possible effects of smoking were taken into account and no indication of the
induction of sister chromatid exchange was found. In contrast with these observations, a
cytogenetic investigation (Huong et al., 1988) of 18 self-poisoned pregnant and 16 self-
poisoned non-pregnant women and 31 controls (16 pregnant and 15 non-pregnant) found
statistically significant differences in frequencies of sister chromatid exchange per cell
between the third and seventh day after poisoning (pregnant: control, 8.55 + 1.08:
poisoned, 10.30 + 1.63, p < 0.01; non-pregnant: control, 9.13 + 1.32; poisoned, 11.26 +
2.31, p < 0.05). In the same population, a very highly significant difference in the
prevalence of chromosomal aberrations between self-poisoned women and controls
(pregnant: control, 4.03%; poisoned, 9.56%, p < 0.001: non-pregnant: control, 5.99%;
poisoned, 14.38%, p <0.001) was also found; moreover, the frequency of chromatid
aberrations was significantly lower in pregnant relative to non-pregnant women
(p <0.05). In contrast, the studies of White et al. (1974) on 20 patients given a single 20-
mg intravenous injection of diazepam and of van Bao et al. (1992) on 25 patients 6-12 h,
3 days or 30 days after self-poisoning with diazepam failed to confirm the induction of
chromosomal aberrations in vivo in human lymphocytes. The latter, however, reported
that hypodiploidy (but neither hyperdiploidy nor polyploidy) was observed in the indi-
viduals studied 6-12 h after self-poisoning; the effects were not observed at later
sampling times. [The Working Group noted that cytogenetic changes in lymphocytes
disappeared six days after poisoning.]

4.4.2  Experimental systems

No studies have demonstrated bacterial DNA damage or mutagenicity due to
diazepam itself.

No genetic effects were observed in single studies for mitotic recombination and gene
conversion, in two studies for aneuploidy [no dose-dependent increase] with Saccharo-
myces cerevisiae or in a single study for chromosome malsegregation with Aspergillus
nidulans.

Diazepam did not induce unscheduled DNA synthesis in primary cultures of rat
hepatocytes in two studies or mutation at the hprt locus of Chinese hamster V79 cells or
rat primary hepatocytes in vitro. Micronuclei were induced in vitro in Chinese hamster
cell lines in four studies but the increase in chromosomal aberrations was judged to be
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inconclusive in two studies (one in the presence of an exogenous metabolic activation
system) and negative in another study.

All studies with Chinese hamster cells aimed at the detection of aneuploidy in vitro
were positive: moreover, in all of the micronucleus tests in which they were examined,
the micronuclei contained kinetochore(s). Two studies out of four which scored for
chromosome numbers detected a significant increase in hypodiploidy but not in hyper-
diploidy. One study which tested the induction of polyploidy in Chinese hamster cells
was positive. Meiotic delay has been observed in mouse oocytes (Stenchever & Smith,
1981) and mitotic arrest has been demonstrated in Chinese hamster Don cells (Hsu et al.,
1983) and human fibroblasts (Andersson et al., 1981).

In a study at very low doses with human fibroblasts in vitro, diazepam did not induce
sister chromatid exchange, whereas a significant increase in micronuclei was observed at
higher dose levels. Two studies in human lymphocytes gave contradictory results. All the
studies in either human fibroblasts or lymphocytes aimed at the detection of chromo-
somal aberrations in vitro were negative. c-Mitosis and hypodiploidy (but not poly-
ploidy) were observed in single studies with human lymphocytes treated in vitro with
diazepam. One study reported the induction of large-sized micronuclei in human lym-
phocytes in vitro.

Diazepam caused inhibition of gap-junctional intercellular communication in two out
of five studies.

Urine of mice exposed in vivo to diazepam induced gene mutations in Salmonella
typhimurium TA100 or TA98 in one study but not in another; metabolites from dog and
human gastric mucosa incubated in vitro with diazepam induced a significant increase in
gene mutations in S. typhimurium TA9S.

Two mammalian studies indicated a lack of micronucleus induction in the bone
marrow of mice in vivo; however, three other similar studies were positive at lower dose
levels. [The Working Group noted that the authors reported induction of larger micro-
nuclei taking into account neither interanimal variation nor objective criteria for micro-
nucleus scoring.]

No increase in DNA single-strand breaks and/or alkali-labile sites was observed in the
liver of rats given a single dose (1 mmol/kg) or 15 successive daily doses (0.2 mmol/kg)
orally. However, predominantly negative results (seven negative studies and two
inconclusive) for the induction of chromosomal aberrations have been obtained in studies
of mouse or rat bone marrow. Aneuploidy, c-mitoses or polyploidy were not observed in
mouse bone marrow [the Working Group noted the inadequate presentation of the
results]. In mouse secondary spermatocytes, meiotic delay and aneuploidy were found at
higher concentrations (150 mg/mL; Miller & Adler, 1992) but not at a lower concen-
tration (30 mg/mL; Leopardi et al., 1993); the positive effect was due to an increase in
hyperploidy. At the same higher concentration, abnormalities of chromosome/spindle
segregation were also reported in male mouse germ cells.

As reported in abstracts, treatment of mice with diazepam increases the proportion of
sperm with abnormal head morphology.


kajo
Rectangle


DIAZEPAM 79

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Diazepam is the most widely used of the benzodiazepine pharmaceuticals. Produced
since the 1960s, it is prescribed for the treatment of anxiety and as a sedative, muscle
relaxant, and anticonvulsant.

5.2 Human carcinogenicity data

Studies investigating unspecified hypnotics or tranquillizers as well as diazepam
specifically have been included in this monograph because of the dominance of this
benzodiazepine among those prescribed. The risk for a variety of cancers, especially of
the breast, associated with diazepam use has been investigated in two cohort studies and
in six distinct and three related case—control studies.

In none of the two cohort or five case—control studies on benzodiazepine or diazepam
use in relation to breast cancer was a positive association found. One case—control study
of ovarian cancer reported an increased risk for diazepam use, that was not confirmed by
another study. This latter study reported no association between diazepam use and the
risk of several other types of cancer.

5.3 Animal carcinogenicity data

Diazepam was tested for carcinogenicity In one experiment in mice, in one experi-
ment in rats and in one experiment in hamsters by oral administration in the diet and also
in one limited study in gerbils. An increase in the incidence of hepatocellular tumours
occurred in male mice. No significant increase in the incidence of tumours was observed
in rats, hamsters or gerbils.

In one study in mice, oral administration of diazepam enhanced the occurrence of
hepatocellular tumours induced by N-nitrosodiethylamine. In two studies in rats initiated
with 2-acetylaminofluorene or 3’-methyl-4-(dimethylamino)azobenzene, there was no
promoting effect of diazepam. In gerbils initiated with N-nitrosodiethylamine, simulta-
neous administration of diazepam decreased the incidence of cholangiocarcinomas.

5.4 Other relevant data

Diazepam is absorbed rapidly and extensively in humans. A 30-fold range of peak
plasma concentrations is obtained when the same dose is given to different subjects.
Diazepam is metabolized initially to N-desmethyldiazepam (nordiazepam) and tema-
zepam, both of which may be converted to oxazepam. Diazepam clearance shows
marked inter-subject variability. The mean elimination half-life is about 32 h.

There is wide inter-species variability in diazepam metabolism. While formation of
N-desmethyldiazepam and temazepam occurs to some extent in all species studied,
hydroxylation in the 5-phenyl ring is the major pathway in rats.
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Diazepam has low acute and chronic toxicity for humans at therapeutic concen-
trations. The main adverse effects of chronic administration are psychological and
physical dependence and withdrawal phenomena. Specific organ toxicity of diazepam to
humans has not been observed.

The acute toxicity of diazepam to experimental animals can be considered as low. In
subchronic toxicity assays in dogs, high doses of diazepam induced mild toxic effects in
the blood, liver and gonads, while in rats, slight chemical-related histopathological
changes were observed in the kidneys and thyroid gland.

The effects of diazepam on the immune system have been investigated mainly in in-
vitro experiments with conflicting results: both stimulatory and inhibitory effects have
been demonstrated. There are no data on Immunosuppressing or immunomodulating
effects in humans.

In several cultured cell systems, diazepam inhibits cell proliferation.

No consistent association between orofacial clefts and diazepam has been identified
in humans. No increase in the prevalence at birth of congenital abnormalities has been
found associated with attempted maternal suicide using high doses of diazepam, in some
instances during the first trimester. While excesses of anomalies associated with regular
psychotherapeutic benzodiazepine use have been observed, the types of developmental
defects involved have not been consistent between studies.

High doses of diazepam induce cleft palate in mice, but not in rats. In hamsters, exen-
cephaly and limb defects are seen, as well as cleft palate.

In general, diazepam did not induce gene or chromosome mutations in bacteria, yeast
or cultured mammalian cells. In cultured mammalian cells, it induced micronuclei and
aneuploidy, and inhibited gap-junctional intercellular communication. There are contra-
dictory results on the induction of gene mutation in bacteria by the urinary metabolites of
treated mice.

In general, diazepam did not induce micronuclei, chromosomal aberrations, aneu-
ploidy, c-mitoses or polyploidy in bone marrow of mice in vivo. In rats in vivo, neither
chromosomal aberrations in bone marrow, nor DNA strand breaks or alkali-labile sites in
liver were found. In mouse spermatocytes, but not in oocytes, diazepam induced aneu-
ploidy.

Mechanistic considerations

Diazepam does not cause gene mutations or chromosomal aberrations. One of its
metabolites, oxazepam, increased the incidence of liver tumours (benign and malignant)
(see Monograph on oxazepam, pp. 119—123). However, it is not clear that levels of oxa-
zepam sufficient to induce hepatic effects are achieved in mice treated with diazepam.
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5.5 Evaluation'

There is evidence suggesting lack of carcinogenicity of diazepam to the breast and
inadequate evidence for carcinogenicity at other sites in humans.

There is inadequate evidence in experimental animals for the carcinogenicity of
diazepam.

Overall evaluation

Diazepam is not classifiable as to its carcinogenicity to humans (Group 3).

6. References

Aarskog, D. (1975) Association between maternal intake of diazepam and oral clefts (Letter to
the Editor). Lancet, ii, 921

Abernethy, D.R., Greenblatt, D.J, Divoll, M., Ameer, B. & Shader, R.I. (1983) Differential
effect of cimetidine on drug oxidation (antipyrine and diazepam) versus conjugation (aceta-
minophen and lorazepam): prevention of acetaminophen toxicity by cimetidine. J. Pharma-
col. exp. Ther., 224, 508-513

Ackermann, E. & Richter, K. (1977) Diazepam metabolism in human foetal and adult liver. Eur.
J. clin. Pharmacol., 11, 43-49

Adam, S. & Vessey, M. (1981) Diazepam and malignant melanoma (Letter to the Editor).
Lancet, ii, 1344 )

Adler, L.-D., Kliesch, U., van Hummelen, P. & Kirsch-Volders, M. (1991) Mouse micronucleus
tests with known and suspect spindle poisons: results from two laboratories. Mutagenesis, 6,
47-53

Albertini, S. (1990) Analysis of nine known or suspected spindle poisons for mitotic chromo-
some malsegregation using Saccharomyces cerevisiae D61.M. Mutagenesis, 5, 453-459

Alda, M., Dvordkova, M., PoSmurovd, M., Balikovi, M., Zvolsky, P. & Filip, V. (1987)
Pharmacogenetic study with diazepam in twins. Neuropsychobiology, 17, 4-8

American Hospital Formulary Service (1995) AHFS Drug Information® 95, Bethesda, MD,
American Society of Health-System Pharmacists, pp. 1591-1593

Andersson, L.C., Letho, V.-P., Stenman, S., Badley, R.A. & Virtanen, 1. (1981) Diazepam
induces mitotic arrest at prometaphase by inhibiting centriolar separation. Nature, 291, 247
248

Anthony, H.M., Kenny, T.E. & MacKinnon, A.U. (1982) Drugs in the aetiology of cancer: a
retrospective study. Int. J. Epidemiol., 11, 336-344

Antoccia, A., Degrassi, F., Battistoni, A., Ciliutti, P. & Tanzarella, C. (1991) In vitro micro-
nucleus test with kinetochore staining: evaluation of test performance. Mutagenesis, 6, 319—
324

'For definition of the italicized terms, see Preamble, pp. 22-25.



82 IARC MONOGRAPHS VOLUME 66

Argiielles, A.E. & Rosner, J. (1975) Diazepam and plasma-testosterone levels (Letter to the
Editor). Lancet, ii, 607

Arnold, E. (1975) A simple method for determining diazepam and its major metabolites in
biological fluids: application in bioavailability studies. Acta pharmacol. toxicol., 36, 335-
352

Baird, E.S. & Hailey, D.M. (1972) Delayed recovery from a sedative: correlation of the plasma

levels of diazepam with clinical effects after oral and intravenous administration. Br. J.
Anaesth., 44, 803-808

Balbi, A., Muscettola, G., Staiano, N., Martire, G. & De Lorenzo, F. (1980) Psychotropic drugs:
evaluation of mutagenic effect. Pharmacol. Res. Commun., 12, 423431

van Bao, T., Imreh, E. & Czeizel, A.E. (1992) Cytogenetic effects of diazepam in peripheral
lymphocytes of self-poisoned persons. Mutat. Res., 298, 131-137

Barlow, S.M., Knight, A.F. & Sullivan, F.M. (1979) Prevention by diazepam of adverse effects
of maternal restraint stress on postnatal development and learning in the rat. Teratology, 19,
105-110

Barnard, E.A., Stephenson, F.A., Sigel, E., Mamalaki, C. & Bilbe, G. (1984) Structure and
properties of the brain GABA/benzodiazepine receptor complex. Adv. exp. Med. Biol., 175,
235-254

Batzinger, R.P., Ou, S.-Y.L. & Bueding, E. (1978) Antimutagenic effects of 2(3)-tert-butyl-4-
hydroxyanisole and of antimicrobial agents. Cancer Res., 38, 44784485

Beall, J.R. (1972) Study of the teratogenic potential of diazepam and SCH 12041 (Letter to the
Editor). Can. med. Assoc. J., 106, 1061

Beischlag, T.V. & Inaba, T. (1992) Determination of nonderivatized para-hydroxylated meta-
bolites of diazepam in biological fluids with a GC megabore column system. J. analyt.
Toxicol., 16, 236-239

Bergman, U., Boethius, G., Swartling, P.G., Isacson, D. & Smedby, B. (1990) Teratogenic
effects of benzodiazepine use during pregnancy (Letter to the Editor). J. Pediatr., 116, 490
491

Bergman, U., Rosa, F.W., Baum, C., Wiholm, B.-E. & Faich, G.A. (1992) Effects of exposure o
benzodiazepine during fetal life. Lancet, 340, 694-696

Bertilsson, L. & Kalow, W. (1993) Why are diazepam metabolism and polymorphic S-me-
phenytoin hydroxylation associated with each other in white and Korean populations but not
in Chinese populations? (Letter to the Editor). Clin. Pharmacol. Ther., 53, 608-610

Bertilsson, L., Henthorn, T.K., Sanz, E., Tybring, G., Siwe, J. & Villén, T. (1989) Importance of
genetic factors in the regulation of diazepam metabolism: relationship to S-mephenytoin, but
not debrisoquin, hydroxylation phenotype. Clin. Pharmacol. Ther., 45, 348-355

Bertilsson, L., Baillie, T.A. & Reviriego, J. (1990) Factors influencing the metabolism of
diazepam. Pharmacol. Ther., 45, 85-91 -

Black, H.E., Szot, R.J., Arthaud, L.E., Massa, T., Mylecraine, L., Klein, M., Lake, R., Fabry, A,,
Kaminska, G.Z., Sinha, D.P. & Schwarz, E. (1987) Preclinical safety evaluation of the
benzodiazepine quazepam. Arzneimittel-Forsch., 37, 906-913

Bonatti, S., Cavalieri, Z., Viaggi, S. & Abbondandolo, A. (1992) The analysis of 10 potential

spindle poisons for their ability to induce CREST-positive micronuclei in human diploid
fibroblasts. Mutagenesis, 7, 111-114


kajo
Rectangle


DIAZEPAM 83

Braestrup, C. & Nielsen, M. (1978) Ontogenetic development of benzodiazepine receptors in the
rat brain. Brain. Res., 147, 170~173

British Medical Association/Royal Pharmaceutical Society of Great Britain (1994) British
National Formulary Number 27 (March 1994), London, pp. 141-142, 192

British Pharmacopoeial Commission (1993) British Pharmacopoeia 1993, Vols. | & I, London,
Her Majesty’s Stationery Office, pp. 212, 874-876

Brooksbank, B.W.L., Atkinson, D.J. & Baldzs, R. (1982) Biochemical development of the
human brain. III. Benzodiazepine receptors, free y-aminobutyrate (GABA) and other amino
acids. J. Neurosci. Res., 8, 581-594

Brunner, M., Albertini, S. & Wiirgler, F.E. (1991) Effects of 10 known or suspected spindle
poisons in the in vitro porcine brain tubulin assembly assay. Mutagenesis, 6, 65—70

Budavari, S., ed. (1995) The Merck Index, 12th Ed., Rahway, NJ, Merck & Co.

Carlo, P, Finollo, R., Ledda, A. & Brambilla, G. (1989) Absence of liver DNA fragmentation in
rats treated with high oral doses of 32 benzodiazepine drugs. Fundam. appl. Toxicol., 1, 34—
41

Cavanagh, D. & Condo, C.S. (1964) Diazepam — A pilot study of drug concentrations in
maternal blood, amniotic fluid and cord blood. Curr. ther. Res., 6, 122-126

Chiba, K., Horii, H., Chiba, T., Kato, Y., Hirano, T. & Ishizaki, T. (1995) Development and
preliminary application of high—performance liquid chromatographic assay of urinary meta-
bolites of diazepam in humans. J. Chromatogr. B: biomed. Appl., 668, 77-84

Cohen, M.M., Hirschhorn, K. & Frosch, W.A. (1969) Cytogenetic effects of tranquilizing drugs
in vivo and in vitro. J. Am. med. Assoc., 207, 2425-2426

Cole, A.P. & Hailey, D.M. (1975) Diazepam and active metabolite in breast milk and their
transfer to the neonate (Short report). Arch. Dis. Child., 50, 741-742

Covelli, V., Decandia, P., Altamura, M. & Jirillo, E. (1989) Diazepam inhibits phagocytosis and
killing exerted by polymorphonuclear cells and monocytes from healthy donors. In vitro
studies. Immunopharmacol. Immunotoxicol., 11, 701-714

Cox, A.D. (1988) Maternal depression and impact on children’s development. Arch. Dis. Child.,
63, 90-95

Crebelli, R., Conti, G., Conti, L. & Carere, A. (1991) In vitro studies with nine known or
suspected spindle poisons: results in tests for chromosome malsegregation in Aspergillus
nidulans. Mutagenesis, 6, 131-136

Cree, J.E., Meyer, J. & Hailey, D.M. (1973) Diazepam in labour: its metabolism and effect on
the clinical condition and thermogenesis of the newborn. Br. med. J.,4,251-255

Czeizel, A.E. (1976) Diazepam, phenytoin and aetiology of cleft lip and/or cleft palate (Letter to
the Editor). Lancet, i, 810

Czeizel, A.E. (1988) Lack of evidence of teratogenicity of benzodiazepine drugs in Hungary.
Reprod. Toxicol., 1, 183—188

Czeizel, A.E. & Lendvay, A. (1987) In utero exposure to benzodiazepines (Letter to the Editor).
Lancet, i, 628

Czeizel, A.E. & Récz, J. (1990) Evaluation of drug intake during pregnancy in the Hungarian
case—control surveillance of congenital anomalies. Teratology, 42, 505-512



84 [IARC MONOGRAPHS VOLUME 66

Czeizel, A.E., Szentesi, 1., Szekeres, 1., Glauber, A., Bucski, P. & Molnar, C. (1984) Pregnancy
outcome and health conditions of offspring of self-poisoned pregnant women. Acfa paediat.
hung., 25, 209-236

Czeizel, A.E., Szentesi, I, Szekeres, 1., Molndr, G., Glauber, A. & Bucski, P. (1988) A study of
adverse effects on the progeny after intoxication during pregnancy. Arch. Toxicol., 62, 1-7

Czeizel, A.E., Intédy, Z. & Modell, B. (1993) What proportion of congenital abnormalities can
be prevented? Br. med. J., 306, 499-503

Danielson, D.A., Jick, H., Hunter, J.R., Stergachis, A. & Madsen, S. (1982) Nonestrogenic drugs
and breast cancer. Am. J. Epidemiol., 116, 329-332

Das, R.K. & Kar, R.N. (1986) Genotoxic effects of three benzodiazepine tranquilizers in mouse
bone marrow as revealed by the micronucleus test. Caryologia, 39, 193-198

Degraeve, N., Chollet, C., Moutschen, J., Moutschen-Dahmen, M. & Gilet-Delhalle, J. (1985)
Investigation of the potential mutagenic activity of benzodiazepines in mice (Abstract
no. 23). Mutat. Res., 147, 290

Deren, S. (1986) Children of substance abusers: a review of the literature. J. Substance Abuse
Treat., 3, 77-94

Derogatis, L.R., Feldstein, M., Morrow, G., Schmale, A., Schmitt, M., Gates, C., Murawski, B.,
Holland, J., Penman, D., Melisaratos, N., Enelow, AJ. & McKinney Adler, L. (1979) A
survey of psychotropic drug prescriptions in an oncology population. Cancer, 44, 1919-1929

Diwan, B.A., Rice, J.M. & Ward, J.M. (1986) Tumor-promoting activity of benzodiazepine tran-
quilizers, diazepam and oxazepam, in mouse liver. Carcinogenesis, 1, 189-794

Diwan, B.A., Lubet, R.A., Nims, R.W Klaunig, J.E., Weghorst, C.M., Henneman, J.R_, Ward,
J.M. & Rice, J.M. (1989) Lack of promoting effect of clonazepam on the development of
N-nitrosodiethylamine-initiated hepatocellular tumors in mice is correlated with its inability
to inhibit cell-to-cell communication in mouse hepatocytes. Carcinogenesis, 10, 1719-1724

Dollery, C., Boobis, A.R., Burley, D., Davies, D.M., Davies, D.S., Harrison, P.I., Orme, M.E.,
Park, B.K. & Goldberg, L.I. (1991) Therapeutic Drugs: Diazepam, Edinburgh, Churchill
Livingstone, pp. D§6-D91

El-Brashy, A., Aly, F.A. & Belal, F. (1993) Determination of 1,4-benzodiazepines in drug
dosage forms by difference spectrophotometry. Mikrochim. Acta, 110, 55-60

Erkkola, R. & Kanto, J. (1972) Diazepam and breast-feeding (Letter to the Editor). Lancet, i,
1235-1236

Erkkola, R., Kanto, J. & Sellman, R. (1974) Diazepam in early human pregnancy. Acta obstet.
gynec. scand., 53, 135-138

Farmindustria (1993) Repertorio Farmaceutico Italiano (Italian Pharmaceutical Directory), 7th
Ed., Milan, Associazione Nazionale dell’ Industria Farmaceutica, CEDOF S.P.A, pp. A-88—
A-89, A-1606—-A-1607

Ferguson, L.R., Morcombe, P. & Triggs, C.T. (1993) The size of cytokinesis-blocked micro-
nuclei in human peripheral blood lymphocyes as a measure of aneuploidy induction by Set A
compounds in the EEC trial. Mutat. Res., 287, 101-112

Fernandez, P., Hermida, 1, Bermejo, A.M., Lépez-Rivadulla, M., Cruz, A. & Concheiro, L.

(1991) Simultaneous determination of diazepam and its metabolites in plasma by high-
performance liquid chromatography. J. lig. Chromatogr., 14, 2587-2599


kajo
Rectangle


DIAZEPAM 85

Ferrarese, C., Appollonio, 1., Frigo, M., Gaini, S.M., Piolti, R. & Frattola, L. (1989) Benzo-
diazepine receptors and diazepam-binding inhibitor in human cerebral tumors. Ann. Neurol.,
26, 564-568

Ferrarese, C., Cavaletti, G., Alho, H.. Pierpaoli, C., Marzorati, C., Bianchi, G., Pizzini, G. &
Frattola, L. (1992) Subcellular location of peripheral benzodiazepine receptors in human
lymphocytes (Abstract no. 2219). Eur. J. Neurosci., Suppl. 5, 129

Ferrarese, C., Appollonio, 1., Bianchi, G., Frigo, M., Marzorati, C., Pecora, N, Perego, M.,
Pierpaoli, C. & Frattola, L. (1993) Benzodiazepine receptors and diazepam binding inhibitor:
a possible link between stress, anxiety and the immune system. Psychoneuroendocrinology,
18, 3-22

Frieder, B., Epstein, S. & Grimm, V.E. (1984) The effects of exposure to diazepam during
various stages of gestation or during lactation on the development and behavior of rat pups.
Psychopharmacology, 83, 51-55

Friedman, G.D. & Selby, J.V. (1990) Epidemiological screening for potentially carcinogenic
drugs. In: Hoigne, R., Lawson, D.H. & Weber, E.R.. eds, Risk Factors Jor Adverse Drug
Reactions. Epidemiological Approaches (Agents Actions Suppl. 29), Basel, Birkhiuser
Verlag, pp. 83-96

Gai, N. & Grimm, V.E. (1982) The effect of prenatal exposure to diazepam on aspects of post-
natal development and behavior in rats. Psychopharmacology, 78, 225-229

Gamble, J.A.S., Mackay, J.S. & Dundee, J.W. (1973) Plasma levels of diazepam (Letter to the
Editor). Br. J. Anaesth., 45, 1085

Gamble, J.A.S., Dundee, J.W. & Assaf, R.A.E. (1975) Plasma diazepam levels after single dose
oral and intramuscular administration. Anaesthesia, 30, 164-169

Garattini, S., Mussini, E., Marcucci, F. & Guaitani, A. (1973) Metabolic studies on benzo-
diazepines in various animal species. In: Garattini, S., Mussini, E. & Randall, L.O., eds, The
Benzodiazepines, New York, Raven Press, pp. 75-97

Gassner, P. & Adler, [.-D. (1995) Analysis of chemically induced spindle aberrations in male
mouse germ cells: comparison of differential and immunofluorescent staining procedures.
Mutagenesis, 10, 243-252

Gavish, M., Katz, Y., Bar-Ami, S. & Weizman, R. (1992) Biochemical, physiological, and
pathological aspects of the peripheral benzodiazepine receptor. J. Neurochem., 58, 1589—
1601

Gennaro, A.R., ed. (1995) Remingtom: The Science and Practice of Pharmacy, 19th Ed., Vol. 11,
Easton, PA, Mack Publishing Co., pp. 11571158

Gill, T.S., Guram, M.S. & Geber, W.F. (1981) Comparative study of the teratogenic effects of
chlordiazepoxide and diazepam in the fetal hamster. Life Sci., 29, 2141-2147

Goodman Gilman, A., Rall, T.W.. Nico, A.S. & Taylor, P., eds (1990) Goodman and Gilman 's.
The Pharmacological Basis of Therapeutics, 8th Ed., New York. Pergamon Press

Gorman, A.M.C., O’Beirne, G.B., Regan, C.M. & Williams, D.C. (1989) Antiproliferative
action of benzodiazepines in cultured brain cells is not mediated through the peripheral-typc
benzodiazepine acceptor. J. Neurochem., 53, 849-855

Green, U. & Ketkar, M. (1978) The influence of diazepam and thiouracil upon the carcinogenic
effect of diethylnitrosamine in gerbils. Z. Krebsforsch., 92, 55-62

Greenblatt, D.J., Allen, M.D., Harmatz, J.S. & Shader, R.1. (1980) Diazepam disposition deter-
minants. Clin. Pharmacol. Ther., 27, 301-312


kajo
Rectangle


86 IARC MONOGRAPHS VOLUME 66

Greenblatt, D.J., Harmatz, J.S., Friedman, H., Locniskar, A. & Shader, R.I. (1989) A large-
sample study of diazepam pharmacokinetics. Ther. Drug Monit., 11, 652—-657

Guerriero, F.J. & Fox, K.A. (1977) Benzodiazepines and development of Swiss-Webster mice.
Pharmacol. Res. Comm., 9, 187-196

Gunnarskog, J. & Killén, A.J.B. (1993) Drug intoxication during pregnancy: a study with
central registries. Reprod. Toxicol., 7, 117-121

Harlow, B.L. & Cramer, D.W. (1995) Self-reported use of antidepressants or benzodiazepine
tranquilizers and risk of epithelial ovarian cancer: evidence from two combined case—control
studies (Massachusetts, United States). Cancer Causes Control, 6, 130-134

Hillestad, L., Hansen, T. & Melsom, H. (1974) Diazepam metabolism in normal man. I1. Serum
concentration and clinical effect after oral administration and cumulation. Clin. Pharmacol.
Ther., 16, 485489

Hino, O. & Kitagawa, T. (1982) Effect of diazepam on hepatocarcinogenesis in the rat. Toxicol.
Lert., 11, 155-157

Hollister, L.E., Miiller-Oerlinghausen, B., Rickels, K. & Shader, R.I. (1993) Clinical uses of
benzodiazepines. J. clin. Psychopharmacol., 13 (Suppl. 1)

Hooper, W.D., Watt, J.A., McKinnon, G.E. & Reilly, P.E.B. (1992) Metabolism of diazepam
and related benzodiazepines by human liver microsomes. Eur. J. Drug Metab. Pharmaco-
kinet., 17, 51-59

Hsu, T.C, Liang, J.C. & Shirley, L.R. (1983) Aneuploidy induction by mitotic arrestants.
Effects of diazepam on diploid Chinese hamster cells. Mutat. Res., 122, 201-209

Huong, T.T.T., Szentesi, 1. & Czeizel, A.E. (1988) Lower prevalence of chromosome aberra-
tions and SCEs in self-poisoned pregnant women. Mutat. Res., 198, 255-259

Husum, B., Wulf, H.C., Niebuhr, E. & Rasmussen, J.A. (1985) SCE in lymphocytes of patients
treated with single, large doses of diazepam. Mutat. Res., 155, 71-73

IARC (1977) IARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man,
Vol. 13, Some Miscellaneous Pharmaceutical Substances, Lyon, pp. 57-73

IARC (1987) IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Suppl. 7,
Overall Evaluations of Carcinogenicity: An Update of IARC Monographs Volumes I to 42,
Lyon, pp. 189-191

[ddnpétn-Heikkild, J.E., Jouppila, P.1, Puolakka, J.O. & Vorne, M.S. (1971a) Placental transfer
and fetal metabolism of diazepam in early human pregnancy. Am. J. Obster. Gynecol., 109,
10111016

[danpédin-Heikkild, J.E., Taska, RJ., Allen, HA. & Schoolar, J.C. (1971b) Placental transfer of
diazepam-"C in mice, hamsters and monkeys. J. Pharmacol. exp. Ther., 176, 752-757

de la Iglesia, F.A._, Barsoum, N, Gough, A., Mitchell, L., Martin, R.A., Di Fonzo, C. &
McGuire, E.J. (1981) Carcinogenesis bioassay of prazepam (Vestran) in rats and mice.
Toxicol. appl. Pharmacol., 57, 39-54

Ishidate, M., Jr, Harnois, M.C. & Sofuni, T. (1988) A comparative analysis of data on the clasto-
genicity of 951 chemical substances tested in mammalian cell cultures. Mutat. Res., 195,
151-213

Ishimura, K., Sawai, M., Yamamoto, K., Neda, K. & Sata, H. (1975) Studies on the chromo-
somes of rat bone marrow cells treated with benzodiazepine derivative in vivo (Abstract).
Teratology, 12, 199


kajo
Rectangle

kajo
Rectangle


DIAZEPAM 87

Jerome, C.P., Golub, M.S., Cardinet, G.G., IIl & Hendrickx, A.G. (1981) Effects of acute and
chronic diazepam administration during pregnancy on neonate rhesus monkeys (Abstract).
Teratology, 23, 43A

Jommi, G., Manitto, P. & Silanos, M.A. (1964) Metabolism of diazepam in rabbits. Arch.
Biochem. Biophys., 108, 334-340

Jorgensen, N.P., Thurmann-Nielsen, E. & Walstad, R.A. (1988) Pharmacokinetics and distri-
bution of diazepam and oxazepam in early pregnancy. Acta obstet. gynecol. scand., 67, 493—
497

Kanto, J. (1975) Plasma concentrations of diazepam and its metabolites after peroral, intra-
muscular, and rectal administration. Correlation between plasma concentration and sedatory
effect of diazepam. Int. J. clin. Phramacol., 12, 427-432

Kanto, J., Erkkola, R. & Sellman, R. (1974) Perinatal metabolism of diazepam (Letter to the
Editor). Br. med. J., i, 641-642

Kaplan, S.A., Jack, M.L., Alexander, K. & Weinfeld, R.E. (1973) Pharmacokinetic profile of
diazepam in man following single intravenous and oral and chronic oral administrations. J.
pharm. Sci., 62, 1789-1796

Kar, R.N. & Das, R.K. (1979) Dominant lethality and micronuclei in mice treated with diaze-
pam. Nucleus, 22, 192—195

Kar, RN. & Das, R.K. (1983) Induction of sperm head abnormalities in mice by three tran-
quilizers. Cytobios, 36, 45-51

Katz, Y., Eitan, A., Amiri, Z. & Gavish, M. (1988) Dramatic increase in peripheral benzo-
diazepine binding sites in human colonic adenocarcinoma as compared to normal colon. Eur.
J. Pharmacol., 148, 483-484

Katz, Y., Moskovitz, B., Levin, D.R. & Gavish, M. (1989) Absence of peripheral-type benzo-
diazepine binding sites in renal carcinoma: a potential biochemical marker. Br. J. Urol., 63,
124127

Katz, Y., Ben-Baruch, G., Kloog, Y., Menczer, J. & Gavish, M. (1990) Increased density of
peripheral benzodiazepine-binding sites in ovarian carcinomas as compared with benign
ovarian tumours and normal ovaries. Clin. Sci. Colch., 78, 155-158

Kaufman, D.W., Shapiro, S., Slone, D., Rosenberg, L., Helmrich, S.P., Miettinen, O.S., Stolley,
P.D.,, Levy, M. & Schottenfeld, D. (1982) Diazepam and the risk of breast cancer. Lancet, i,
537-539

Kaufman, D.W., Werler, M.M_, Palmer, J.R., Rosenberg, L,, Stolley, P.D., Warshauer, M.E.,
Clarke, E.A., Miller, D.R. & Shapiro, S. (1990) Diazepam use in relation to breast cancer:
results from two case—control studies. Am. J. Epidemiol., 131, 483-490

Kellogg, C.K. (1992) Benzodiazepines and the developing nervous system: laboratory findings
and clinical implications. In: Zagon, 1.S. & Slotkin, T.A., eds, Maternal Substance Abuse
and the Developing Nervous System, New York, Academic Press, pp. 283-321

Kellogg, C.K., Tervo, D., Ison, J., Parisi, T. & Miller, R.K. (1980) Prenatal exposure to
diazepam alters behavioral development in rats. Science, 207, 205-207

van der Kleijn, E., van Rossum, J.M., Muskens, ETJM. & Rijnges, N.V.M. (1971) Pharmaco-
kinetics of diazepam in dogs, mice and humans. Actg pharmacol. toxicol., 3 (Suppl.), 109—
127

Kleinerman, R.A., Brinton, L.A., Hoover, R. & Fraumeni, J.F., Jr (1984) Diazepam use and pro-
gression of breast cancer. Cancer Res., 44, 1223-1225


kajo
Rectangle


88 IARC MONOGRAPHS VOLUME 66

Klotz, U., Avant, G.R., Hoyumpa, A., Schenker, S. & Wilkinson, G.R. (1975) The effects of age
and liver disease on the disposition and elimination of diazepam in adult man. J. clin. Invest.,
55, 347-359

Klotz, U., Antonin, K.H. & Bieck, P.R. (1976a) Comparison of the pharmacokinetics of
diazepam after single and subchronic doses. Eur. J. clin. Pharmacol., 10, 121-126

Klotz, U., Antonin, K.H. & Bieck, P.R. (1976b) Pharmacokinetics and plasma binding of
diazepam in man, dog, rabbit, guinea-pig and rat. J. Pharmacol. exp. Ther., 199, 67-73

Klotz, U., Antonin, K.H., Briigel, H. & Bieck, P.R. (1977) Disposition of diazepam and its
major metabolite desmethyldiazepam in patients with liver disease. Clin. Pharmacol. Ther.,
21, 430436

KociSov4, J. & Sram, R.J. (1985) The mutagenic activity of diazepam (Abstract no. 50). Mutat.
Res., 147, 304

Komiskey, H.L.., Rahman, A., Weisenburger, W.P., Hayton, W.L., Zobrist, R.H. & Silvius, W.
(1985) Extraction, separation and detections of “C-diazepam and "C-metabolites from brain
tissue of mature and old rats. J. analyt. Toxicol., 9, 131-133

Korttila, K. & Linnoila, M. (1975) Psychomotor skills related to driving after intramuscular
administration of diazepam and meperidine. Anesthesiology, 42, 685-691

Krueger, K.E. & Papadopoulos, V. (1990) Peripheral-type benzodiazepine receptors mediate
translocation of cholesterol from outer to inner mitochondrial membranes in adrenocortical
cells. J. biol. Chem., 265, 15015-15022

Krueger, K.E. & Papadopoulos, V. (1992) Mitochondrial benzodiazepine receptors and the
regulation of steroid biosynthesis. Annu. Rev. Pharmacol. Toxicol., 32,211-237

Kunert-Radek, J., Stepien, H. & Pawlikowski, M. (1994) Inhibition of rat pituitary tumor cell
proliferation by benzodiazepines in vitro. Neuroendocrinology, 59, 92-96

Laegreid, L., Olegdrd, R., Wahlstrom, J. & Conradi, N. (1987) Abnormalities in children
exposed to benzodiazepines in utero (Letter to the Editor). Lancet, i, 108—109

Laegreid, L., Olegard, R., Wahlstrom, J. & Conradi, N. (1989) Teratogenic effects of benzo-
diazepine use during pregnancy. J. Pediatr., 114, 126131

Laegreid, L., Olegard, R., Conradi, N., Hagberg, G., Wahlstrom, J. & Abrahamsson, L. (1990)
Congenital malformations and maternal consumption of benzodiazepines: a case—control
study. Dev. Med. Child Neurol., 32, 432441

Laegreid, L., Conradi, N., Hagberg, G. & Hedner, T. (1992a) Psychotropic drug use in
pregnancy and perinatal death. Acta obstet. gynecol. scand., 71, 451-457

Laegreid, L., Hagberd, G. & Lundberg, A. (1992b) The effect of benzodiazepines on the fetus
and the newborn. Neuropediatrics, 23, 18-23

Laegreid, L., Hagberg, G. & Lundberg, A. (1992c) Neurodevelopment in late infancy after
prenatal exposure to benzodiazepines — A prospective study. Neuropediatrics, 23, 60-67

Lafi, A. & Parry, J.M. (1988) A study of the induction of aneuploidy and chromosome aberra-
tions after diazepam, medazepam, midazolam and bromazepam treatment. Mutagenesis, 3,
23-27

Lendvay, A. & Czeizel, AE. (1992) A behavioural teratologic study on offspring of self-
poisoned pregnant women. Acta paediat. hung., 32, 347-369

Lensmeyer, G.L., Rajani, C. & Evenson, M.A. (1982) Liquid-chromatographic procedure for
simultaneous analysis for eight benzodiazepines in serum. Clin. Chem., 28, 2274-2278


kajo
Rectangle


DIAZEPAM 89

Leopardi, P., Zijno, A., Bassani, B. & Pacchierotti, F. (1993) In vivo studies on chemically
induced aneuploidy in mouse somatic and germinal cells. Mutar. Res., 287, 119-130

Linet, M.S., Harlow, S.D. & McLaughlin, J.K. (1987) A case—control study of multiple
myeloma in whites: chronic antigenic stimulation, occupation, and drug use. Cancer Res.,
47, 2978-2981

Loscher, W. (1982) Rapid gas chromatographic measurement of diazepam and its metabolites
desmethyldiazepam, oxazepam and 3-hydroxydiazepam (temazepam) in small samples of
plasma. Ther. Drug Monit., 4, 315-318

Lukey, B.J., Corcoran, K.D. & Solana, R.P. (1991) Pharmacokinetics of diazepam intra-
muscularly administered to rhesus monkeys. J. pharm. Sci., 80, 918-921

Lynch, A M. & Parry, J. M. (1993) The cytochalasin-B micronucleus/kinetochore assay in vitro:
studies with 10 suspected aneugens. Mutat. Res., 287. 71-86

MacDonald, A., Michaelis, A.F. & Senkowski, B.Z. (1972) Diazepam. In: Florey, K., ed.,
Analytical Profiles of Drug Substances, Vol. 1, New York, Academic Press, pp. 79-99

Mac New, B.A. & Finnegan, L.P. (1980) Identification of a benzodiazepine abstinence
syndrome (BAS) using a neonatal abstinence scoring system (Abstract no. 261). Pediatr.
Res., 14, 469

Mailhes, J.B. & Marchetti, F. (1994) Chemically-induced aneuploidy in mammalian oocytes.
Mutat. Res., 320, 87-111

Mandelli, M., Tognoni, G. & Garattini, S. (1978) Clinical pharmacokinetics of diazepam. Clin.
Pharmacokinet., 3, 72-91

Maiies, 1., Civera, J., Font, G. & Bosch, F. (1987) Spectrophotometric determination of benzo-
diazepines in pharmaceuticals by ion pairing. Cienc. ind. Farm., 6, 333-338 (in Spanish)

Mare, V. & Morselli, P.L. (1969) Effect of diazepam on plasma corticosterone levels in the rat
(Letter to the Editor). J. Pharm. Pharmacol., 21, 784-786

Marcucci, F., Guaitani, A., Kvetina, J., Mussini, E. & Garattini, S. (1968) Species difference in
diazepam metabolism and anticonvulsant effect. Eur. J. Pharmacol., 4, 467470

Marcucci, F., Guaitani, A., Fanelli, R., Mussini, E. & Garattini, S. (1971) Metabolism and anti-
convulsant activity of diazepam in guinea-pigs (Short communication). Biochem.
Pharmacol., 20, 1711-1713

Marrazzini, A., Betti, C., Bernacchi, F., Barrai, I. & Barale, R. (1994) Micronucleus test and

metaphase analysis in mice exposed to known and suspected spindle poisons. Mutagenesis,
9,505-515

Matsuoka, A., Hayashi, M. & Ishidate, M., Jr (1979) Chromosomal aberration tests on 29
chemicals combined with S9 mix in vitro. Mutat. Res., 66, 277-290

Matula, T.I. & Downie, R. (1983) Evaluation of diazepam and oxazepam in in vitro microbial
mutagenicity tests and in an in vivo promoter assay (Abstract no. Ee-23). Environ. Mutag., 5,
478

Maurer, H. & Pfleger, K. (1987) Identification and differentiation of benzodiazepines and their
metabolites in urine by computerized gas chromatography-mass spectrometry. J. Chro-
matogr., 422, 85-101



90 IARC MONOGRAPHS VOLUME 66

Mazue, G., Remandet, B., Gouy, D., Berthe, J., Roncucci, R. & Williams, G.M. (1982) Limited
in vivo bioassays on some benzodiazepines: lack of experimental initiating or promoting
effect of the benzodiazepine tranquillizers diazepam, chlorazepate, oxazepam and lorazepam.
Arch. int. Pharmacodyn., 257, 59-65

Mazzi, E. (1977) Possible neonatal diazepam withdrawal: a case report (Communication in
brief). Am. J. Obstet. Gynecol., 129, 586-587

McCarley, T.D. & Brodbelt, J. (1993) Structurally diagnostic ion-molecule reactions and colli-
sionally activated dissociation of 1,4-benzodiazepines in a quadrupole ion trap mass spectro-
meter. Analyt. Chem., 65, 23802388

Medical Economics (1996) PDR®: Physicians’ Desk Reference, 50th Ed., Montvale, NJ, Medical
Economics Data Production Co., pp. 1809-1810, 2169-2170, 2182-2184

Migliore, L. & Nieri, M. (1991) Evaluation of twelve potential aneuploidogenic chemicals by
the in vitro human lymphocyte micronucleus assay. Toxicol. in Vitro, 5, 325-336

Miller, R.P. & Becker, B.A. (1975) Teratogenicity of oral diazepam and diphenylhydantoin in
mice. Toxicol. appl. Pharmacol., 32, 53-61

Miller, BM. & Adler, 1.-D. (1989) Suspect spindle poisons: analysis of c-mitotic effects in
mouse bone marrow cells. Mutagenesis, 4, 208-215

Miller, B.M. & Adler, 1.-D. (1992) Aneuploidy induction in mouse spermatocytes. Mutagenesis,
7, 69-76

Morselli, P.L. (1977) Psychotropic drugs, benzodiazepines. In: Morselli, P.L., Drug Disposition
During Development, New York, Spectrum Publication, pp. 449-459

Morselli, P.L., Principi, N., Tognoni, G., Reali, E., Belvedere, G., Standen, S.M. & Sereni, F.
(1973) Diazepam elimination in premature and full term infants, and children. J. perinat.
Med., 1, 133-141

Mukhin, A.G., Papadopoulos, V., Costa, E. & Krueger, K.E. (1989) Mitochondrial benzo-
diazepine receptors regulate steroid biosynthesis. Proc. natl Acad. Sci. USA, 86, 9813-9816

Mura, P., Piriou, A., Fraillon, P., Papet, Y. & Reiss, D. (1987) Screening procedure for benzo-
diazepines in biological fluids by high-performance liquid chromatography using a rapid-
scanning multichannel detector. J. Chromatogr., 416, 303-310

Natarajan, A.T., Duivenvoorden, W.C.M., Meijers, W. & Zwanenburg, T.S.B. (1993) Induction
of mitotic aneuploidy using Chinese hamster primary embryonic cells. Test results of 10
chemicals. Mutat. Res., 287, 47-56

Nebert, D.W., Nelson, D.R,, Adesnik, M., Coon, M.J., Estabrook, R.W., Gonzalez, F.J.,
Guengerich, F.P., Gunsalus, I.C., Johnson, E.F., Kemper, B., Levin, W., Phillips, LR., Sato,
R. & Waterman, M.R. (1989) The P450 superfamily: updated listing of all genes and recom-
mended nomenclature for the chromosomal loci. DNA, 8, 1-13

Neda, K., Yamamoto, K_, Sato, H., Sawai, M. & Ishimura, K. (1977) In vivo cytogenetic studies
of 10-chloro-1 1b—(2—ﬂuoropheny1)—7—(2—hydroxyethyl)—2,3,5, I Ib-tetrahydrooxazolo-(3,2-d)-
[1,4]benzodiazepine-6-(7H)-one [MS-4101] on rat bone marrow cells. Folia pharmacol.
Jpn., 73, 651-656 (in Japanese)

Neville, C.F., Ninomiya, S.-L, Shimada, N., Kamataki, T., Imaoka, S. & Funae, Y. (1993)
Characterization of specific cytochrome P450 enzymes responsible for the metabolism of
diazepam in hepatic microsomes of adult male rats. Biochem. Pharmacol., 45, 59-65

Ochs, H.R., Greenblatt, D.J., Divoll, M., Abernethy, D.R., Feyerabend, H. & Dengler, H.J.
(1981a) Diazepam kinetics in relation to age and sex. Pharmacology, 23, 24-30


kajo
Rectangle


DIAZEPAM 91

Ochs, HR., Greenblatt, D.J., Roberts, G.-M. & Dengler, H.J. (1981b) Diazepam interaction with
antituberculosis drugs. Clin. Pharmacol. Ther., 29, 671-678

Ochs, H.R,, Greenblatt, D.J., Eckardt, B., Harmatz, J.S. & Shader, R.I. (1983) Repeated
diazepam dosing in cirrhotic patients: cumulation and sedation. Clin. Pharmacol. Ther., 33,
471-476

Owen, G., Smith, THF. & Agersborg, H.P.K., Jr (1970) Toxicity of some benzodiazepine
compounds with CNS activity. Toxicol. appl. Pharmacol., 16, 556-570

Owen, J.R, Irani, S.F. & Blair, A.W. (1972) Effect of diazepam administered to mothers during
labour on temperature regulation of neonate. Arch. Dis. Child., 47, 107-110

Papadopoulos, V., Nowzari, FB. & Krueger, K.E. (1991) Hormone-stimulated steroidogenesis
is coupled to mitochondrial benzodiazepine receptors. Tropic hormone action on steroid bio-
synthesis is inhibited by flunitrazepam. J. biol. Chem., 266, 3682-3687

Pawlikowski, M., Kunert-Radek, J., Radek, A. & Stepien, H. (1988a) Inhibition of cell proli-
feration of human gliomas by benzodiazepines in vitro. Acta neurol. scand., 77, 231-233

Pawlikowski, M., Lyson, K_, Kunert-Radek, J. & Stepien, H. (1988b) Effect of benzodiazepines
on the proliferation of mouse spleen lymphocytes in vitro. J. neur. Transm., 73, 161-166

Peat, M.A. & Kopjak, L. (1979) Screening and quantitation of diazepam, flurazepam, chlor-
diazepoxide and their metabolites in blood and plasma by electron-capture gas chromato-
graphy and high-pressure liquid chromatography. J. forensic Sci., 24, 46-54

Peterka, M., Jelinek, R. & Pavlik, A. (1992) Embryotoxicity of 25 psychotropic drugs: a study
using CHEST (Chick Embryotoxicity Screening). Reprod. Toxicol., 6, 367-374

Petersen, K.W., Sherwood, H.L. & Petersen, H.D. (1978) The cytogenetic effects of diazepam
and chlordiazepoxide (Abstract). Anat. Rec., 190, 620

Preiss, A.M., Scheutwinkel-Reich, M., Fiille, 1., Grohmann, H.G. & Stan, H.-J. (1982) Investi-
gation with the Salmonella/microsome test, of psychopharmaceuticals used in meat
production. Murat. Res., 104, 333-337

Reilly, P.E.B., Thompson, D.A_, Mason, S.R. & Hooper, W.D. (1990) Cytochrome P450I111A
enzymes in rat liver microsomes: involvement in C-hydroxylation of diazepam and

nordazepam but not N-dealkylation of diazepam and temazepam. Mol. Pharmacol., 37, 767—
774

Remandet, B., Gouy, D., Berthe, J., Mazue, G. & Williams, G.M. (1984) Lack of initiating or
promoting activity of six benzodiazepine tranquilizers in rat liver limited bioassays moni-
tored by histopathology and assay of liver and plasma enzymes. Fund. appl. Toxicol., 4.
152-163

Reynolds, J.AF.. ed. (1993) Martindale: The Extra Pharmacopoeia, 30th Ed., London, The
Pharmaceutical Press. pp. 584585

Rice, S.. Ichinotsubo, D.. Stemmermann, G., Hayashi, T., Palumbo, N, Sylvester, S., Nomura,
A. & Mower, H. (1981) Nitrosation reactions of stomach mucosal tissue of the human and
dog. In: Bruce, W.R., Correa, P., Lipkin, M., Tannenbaum, S.R. & Wilkins, T.D.. eds.
Guastrointestinal Cancer: Endogenous Factors (Bambury Report 7), Cold Spring Harbor,
Cold Spring Harbor Laboratory, pp. 185-203

Richards, J.G.. Schock, P.. Méhler. H. & Haefely, W. (1986) Benzodiazepam receptors resolved.
Experientia, 42, 121126



92 IARC MONOGRAPHS VOLUME 66

Rohrborn, G., Thiel, C., Heimbach, D., Manolache, M. & Gebauer, J. (1984) Effects of diaze-
pam in mutation test systems in vitro and in the BHK21 cell transformation assay (Abstract
no. I1.3D.20). Mutat. Res., 130, 260

Rolin-Limbosch, S., Moens, W. & Szpirer, C. (1987) Metabolic cooperation in SK-HEP-1
human hepatoma cells following treatment with benzodiazepine tranquilizers. Carcino-
genesis, 8, 1013-1016

Romkes, M., Faletto, M.B., Blaisdell, J.A., Raucy, J.L. & Goldstein, J.A. (1991) Cloning and
expression of complementary DNAs for multiple members of the human cytochrome
P4501IC subfamily. Biochemistry, 30, 3247-3255

Rosenberg, L., Mitchell, A.A., Parsells, J.L., Pashayan, H., Louik, C. & Shapiro, S. (1983) Lack

of relation of oral clefts to diazepam use during pregnancy. New Engl. J. Med., 309, 1282—
1285

Rosenberg, L., Palmer, J.R., Zauber, A.G., Warshauer, M.E., Strom, B.L_, Harlap, S. & Shapiro,
S. (1995) Relation of benzodiazepine use to the risk of selected cancers: breast, large bowel,
malignant melanoma, lung, endometrium, ovary, non-Hodgkin’s lymphoma, testis,.
Hodgkin’s disease, thyroid, and liver. Am. J. Epidemiol., 141, 1153-1160

Ruelius, HW., Lee, J.M. & Alburn, H.E. (1965) Metabolism of diazepam in dogs: transfor-
mation to oxazepam. Arch. Biochem. Biophys., 11, 376-380

Ruff, M.R., Pert, C.B., Weber, R.J.,, Wahl, L.M., Wahl, SM. & Paul, S.M. (1985) Benzo-
diazepine receptor-mediated chemotaxis of human monocytes. Science, 229, 1281-1283

Safra, M.J. & Oakley, G.P., Jr (1975) Association between cleft lip with or without cleft palate
and prenatal exposure to diazepam. Lancet, ii, 478-480

Safra, M.J. & Oakley, G.P., Jr (1976) Valium: an oral cleft teratogen? Cleft Palate J., 13, 198—
200 :

Saito, H., Kobayashi, H., Takeno, S. & Sakai, T. (1984) Fetal toxicity of benzodiazepines in
rats. Res. Comm. chem. Pathol. Pharmacol., 46, 437447

Sasaki, M., Sugimura, K., Yoshida, M.A. & Abe, S. (1980) Cytogenetic effects of 60 chemicals
on cultured human and Chinese hamster cells. Kromosomo I, 20, 574-584

Satya-Prakash, K.L., Hsu, T.C. & Wheeler, W.J. (1984) Metaphase arrest, anaphase recovery
and aneuploidy induction in cultured Chinese hamster cells following exposure to mitotic
arrestants. Anticancer Res., 4, 351-356

Saxén, 1. (1975) Associations between oral clefts and drugs taken during pregnancy. Int. J.
Epidemiol., 4, 3744

Saxén, I. & Saxén, L. (1975) Association between maternal intake of diazepam and oral clefts
(Letter to the Editor). Lancet, ii, 498

Sbrana, 1., D1 Sibio, A., Lomi, A. & Scarcelli, V. (1993) C-Mitosis and numerical chromosome

aberration analyses in human lymphocytes: 10 known or suspected spindle poisons. Mutat.
Res., 287, 57-70

Schmid, W. & Staiger, G.R. (1969) Chromosome studies on bone marrow from Chinese

hamsters treated with benzodiazepine tranquillizers and cyclophosphamide. Mutat. Res., 7,
99-108

Schmidt, D. (1995) Benzodiazepines: diazepam. In: Levy, R.H., Mattson, R.H. & Meldrum,
B.S., eds, Antiepileptic Drugs, 4th Ed., New York, Raven Press, pp. 705-724


kajo
Rectangle


DIAZEPAM 93

Schwartz, M.A. & Postma, E. (1968) Metabolism of diazepam in vitro. Biochem. Pharmacol.,
17, 2443-2449

Schwartz, M.A., Koechlin, B.A_, Postma, E., Palmer, S. & Krol, G. (1965) Metabolism of
diazepam in rat, dog, and man. J. Pharmacol. exp. Ther., 149, 423435

Schwartz, M.A., Bommer, P. & Vane, F.M. (1967) Diazepam metabolites in the rat: characte-
rization by high-resolution mass spectrometry and nuclear magnetic resonance. Arch.
Biochem. Biophys., 121, 508-516

Seelbach, A, Fissler, B., Strohbusch, A. & Madle, S. (1993) Development of a modified micro-
nucleus assay in vitro for detection of aneugenic effects. Toxic. in Vitro, 7, 185-193

Selby, J.V., Friedman, G.D. & Fireman, B.H. (1989) Screening prescription drugs for possible
carcinogenicity: eleven to fifteen years of follow-up. Cancer Res., 49, 5736-5747

Serfaty, M. & Masterton, G. (1993) Fatal poisonings attributed to benzodiazepines in Britain
during the 1980s. Br. J. Psychiatr., 163, 386-393

Shah, R.M., Donaldson, D. & Burdett, D. (1979) Teratogenic effects of diazepam in the hamster.
Can. J. Physiol. Pharmacol., 57, 556-561

Shiono, P.H. & Mills, J.L. (1984) Oral clefts and diazepam use during pregnancy (Letter to the
Editor). New Engl. J. Med., 311, 919-920

deSilva, JLAF., D’Arconte, L. & Kaplan, J. (1964) The determination of blood levels and the
placental transfer of diazepam in humans. Curr. ther. Res.. 6. 115-121

Society of Japanese Pharmacopoeia (1992) The Pharmacopoeia of Japan JP XII, 12th Ed..
Tokyo, p. 257

Sohn, D.-R., Kusaka, M., Ishizaki, T., Shin, S.-G, Jang, I.-J., Shin, J.-G. & Chiba, K. (1992)
Incidence of S-mephenytoin hydroxylation deficiency in a Korean population and the
interphenotypic differences in diazepam pharmacokinetics. Clin. Pharmacol. Ther., 52, 160—
169

Srdam, R.J. & KociSovd, J. (1984) Mutagenic activity of diazepam. Activ. nerv. sup. (Praha), 26.
251-253

Srém, RJ. & KociSova, J. (1985) Longterm diazepam does not induce dominant lethals in mice.
Activ. nerv. sup. (Praha), 27, 314-316

Staiger, G.R. (1969) Chlordiazepoxide and diazepam: absence of effects on the chromosomes of
diploid human fibroblast cells. Mutar. Res., 7, 109-115

Staiger, G.R. (1970) Studies of the chromosomes of human lymphocytes treated with diazepam
invitro. Mutat. Res., 10, 635-644 .

Stenchever, M.A. & Smith, W.D. (1981) The effect of diazepam on meiosis in the CF-1 mouse.
Teratology, 23, 279-281

Stenchever, M.A., Frankel, R.S. & Jarvis. J.A. (1970) Eftect of diazepam on chromosomes of
human leukocytes in vivo. Am. J. Obstet. Gynecol., 107, 456460

Stepien, H., Pawlikowska, A. & Pawlikowski. M. (1988) Effects of benzodiazepines on thymus
cell proliferation. Thymus, 12, 117-121

Stepien, H., Agro. A., Padol, 1. & Stanisz, A. (1994) Inhibitory effect of diazepam on human
natural Killer activity in vitro. Cvtobios, 77, 131-136

Sternbach, L.H. & Reeder, E. (1961) Quinazolines and . 4-benzodiazepines. 1V. Transfor-
mations of 7-chI()ro—Z-mclhylzunino—S-phcnyl—3H—I,4-hcn/,0diulepinc d-oxide. J. org. Chem..
26. 49364941



94 IARC MONOGRAPHS VOLUME 66

Sternbach, L.H., Reeder, E., Keller, O. & Metlesics, W. (1961) Quinazolines and 1,4-benzo-
diazepines. III. Substituted 2-amino-5-phenyl-3H-1,4-benzodiazepine 4-oxides. J. org.
Chem., 26, 4488-4497 ‘

Stoll, B.A. (1976) Psychosomatic factors and tumour growth. In: Stoll, B.A., ed., Risk Factors
in Breast Cancer, London, William Heinemann, pp. 193-203

St-Pierre, M.V. & Pang, K.S. (1993) Kinetics of sequential metabolism. II. Formation and
metabolism of nordiazepam and oxazepam from diazepam in the perfused murine liver. J.
Pharmacol. exp. Ther., 265, 1437-1445

Swierenga, S.H.H., Butler, S.G. & Hasnain, S.H. (1983) Activity of diazepam and oxazepam in
various mammalian cell in vitro toxicity tests (Abstract no. Cd-16). Environ. Mutag., 5, 417

Takatori, T., Tomii, S., Terazawa, K., Nagao, M., Kanamori, M. & Tomaru, Y. (1991) A
comparative study of diazepam levels in bone marrow versus serum, saliva and brain tissue.
Int. J. leg. Med., 104, 185—188

Taupin, V., Herbelin, A., Descamps-Latscha, B. & Zavala, F. (1991) Endogenous anxiogenic
peptide, ODN-diazepam-binding inhibitor, and benzodiazepines enhance the production of
interleukin-1 and tumor necrosis factor by human monocytes. Lymph. Cytokin. Res., 10, 7—
13

Thomas, J., ed. (1991) Prescription Products Guide 1991, 20th Ed., Victoria, Australian
Pharmaceutical Publishing Co. Ltd., pp. 306, 635-638, 692-693, 1411, 1697—1698

Tocco, D.R., Renskers, K. & Zimmerman, E.F. (1987) Diazepam-induced cleft palate in the
mouse and lack of correlation with the H-2 locus. Teratology, 35, 439-445

Toraason, M., Bohrman, J.S., Krieg, E., Combes, R.D., Willington, S.E., Zajac, W. &
Langenbach, R. (1992) Evaluation of the V79 cell metabolic cooperation assay as a screen in
vitro for developmental toxicants. Toxic. in Vitro, 6, 165-174

Torigoe, K. (1979) Sister chromatid exchange in children treated with anticonvulsant drugs.
Acta med. biol., 27, 65-72

Trosko, J.E., Yotti, L.P., Warren, S.T., Tsushimoto, G. & Chang, C.-C. (1982) Inhibition of cell-
cell communication by tumor promoters. Carcinogenesis, 7, 565-585

Tzonou, A., Day, N.E,, Trichopoulos, D., Walker, A., Saliaraki, M., Papapostolou, M. &
Polychronopoulou, A. (1984) The epidemiology of ovarian cancer in Greece: a case—control
study. Eur. J. Cancer clin. Oncol., 20, 1045-1052

Tzonou, A., Polychronopoulou, A., Hsieh, C.-C., Rebelakos, A., Karakatsani, A. &
Trichopoulos, D. (1993) Hair dyes, analgesics, tranquilizers and perineal talc application as
risk factors for ovarian cancer. Int. J. Cancer., 55, 408410

United States National Library of Medicine (1996) RTECS Database, Bethesda, MD

United States Pharmacopeial Convention (1994) The 1995 United States Pharmacopeia, 23rd
Rev./The National Formulary, 18th Rev., Rockville, MD, pp- 489-492

United States Tariff Commission (1964) Synthetic Organic Chemicals, United States Production
and Sales, 1963 (TC Publication 143), Washington DC, United States Government Printing
Office, p. 129

Unseld, E., Rama Krishna, D., Fischer, C. & Klotz, U. (1989) Detection of desmethyldiazepam
and diazepam in brain of different species and plants. Biochem. Pharmacol., 38, 2473-2478

Unseld, E., Fischer, C., Rothemund, E. & Klotz, U. (1990) Occurrence of ‘natural’ diazepam in
human brain. Biochem. Pharmacol., 39, 210212


kajo
Rectangle


DIAZEPAM 95

Van Baar, A.L., Fleury, P., Soepatmi, S., Ultee, C.A. & Wesselman, P.J.M. (1989) Neonatal
behaviour after drug dependent pregnancy. Arch. Dis. Child., 64, 235-240

Viggedal, G., Hagberg, B.S., Laegreid, L. & Aronsson, M. (1993) Mental development in late
infancy after prenatal exposure to benzodiazepines — A prospective study. J. Child Psychol.
Psychiat., 34, 295-305

Wilder, J. & Liitzelschwab, R. (1984) Effects of 12-O-tetradecanoylphorbol-13-acetate (TPA),
retinoic acid and diazepam on intercellular communication in a monolayer of rat liver
epithelial cells. Exp. Cell Res., 152, 66-76

Walker, B.E. & Patterson, A. (1974) Induction of cleft palate in mice by tranquilizers and
barbiturates. Teratology, 10, 159-164

Wallace, R.B., Sherman, B.M. & Bean, J.A. (1982) A case—control study of breast cancer and
psychotropic drug use. Oncology, 39, 279-283

Wallin, M. & Hartley-Asp, B. (1993) Effects of potential aneuploidy inducing agents on
microtubule assembly in vitro. Mutat. Res., 287, 17-22

Wang, J. K.T., Morgan, J. & Spector, S. (1984) Differentiation of Friend erythroleukaemia cells
induced by benzodiazepines. Proc. natl Acad. Sci. USA, 81, 3770-3772

Warr, T.J,. Parry, EM. & Parry, J.M. (1993) A comparison of two in vitro mammalian cell
cytogenetic assays for the detection of mitotic aneuploidy using 10 known or suspected
aneugens. Mutat. Res., 287, 29-46

Waskell, L. (1978) A study of the mutagenicity of anesthetics and their metabolites. Muzat. Res.,
57, 141-153

White, B.J., Driscoll, E.J., Tjio, J.-H. & Smilack, Z.H. (1974) Chromosomal aberration rates and
intravenously given diazepam. A negative study. J. Am. med. Assoc., 230, 414-417

Whittaker, S.G., Zimmermann, F.K_, Dicus, B., Piegorsch, W.W., Resnick, M.A. & Fogel, S.
(1990) Detection of induced mitotic chromosome loss in Saccharomyces cerevisiae — An
interlaboratory assessment of 12 chemicals. Mutat. Res., 241, 225-242

Wildmann, J., Mohler, H., Vetter, W, Ranalder, U., Schmidt, K. & Maurer, R. (1987) Diazepam
and N-desmethyldiazepam are found in rat brain and adrenal and may be of plant origin. J.
neural Transm., 70, 383-398

Wildmann, J., Vetter, W., Ranalder, U.B., Schmidt, K., Maurer, R. & Mohler, H. (1988)
Occurrence of pharmacologically active benzodiazepines in trace amounts in wheat and
potato. Biochem. Pharmacol., 37, 3549-3559

Wilkinson, G.R., Guengerich, F.P. & Branch, R.A. (1989) Genetic polymorphism of S-
mephenytoin hydroxylation. Pharmacol. Ther., 43, 53-76

Williams, G.M., Mori, H. & McQueen, C.A. (1989) Structure—activity relationship in the rat
hepatocyte DNA-repair test for 300 chemicals. Mutat. Res., 221, 263-286

Xu, W. & Adler, L.-D. (1990) Clastogenic effects of known and suspect spindle poisons studied
by chromosome analysis in mouse bone marrow cells. Mutagenesis, 5, 371-374

Yasumori, T., Nagata, K., Yang, S.K., Chen, L.-S., Murayama, N., Yamazoe, Y. & Kato, R.
(1993) Cytochrome P450 mediated metabolism of diazepam in human and rat: involvement
of human CYP2C in N-demethylation in the substrate concentration-dependent manner.
Pharmacogenetics, 3, 291-301



96 IARC MONOGRAPHS VOLUME 66

Zavala, F. & Lenfant, M. (1987) Benzodiazepines and PK 11195 exert immunomodulating
activities by binding on a specific receptor on macrophages. Ann. NY Acad. Sci., 496, 240-
249

Zhang, Y., Reviriego, I, Lou, Y.-Q., Sjoqvist, F. & Bertilsson, L. (1990) Diazepam metabolism
in native Chinese poor and extensive hydroxylators of S-mephenytoin: interethnic
differences in comparison with white subjects. Clin. Pharmacol. Ther., 48, 496-502


kajo
Rectangle


