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INTRODUCTION 

Statement of Problem 

"That one per son' s meat may be another ' s poison can be especially 

trying when the two individuals are connected by a placental circula

tion" (Editorial , Lancet , 2:1961). Thus , exogenous agents , such as 

drugs , when administer ed to the pregnant female may affect her fetus . 

About the seventh post- fertilization day in the human female , the early 

embryo becomes implanted in the uterine wall and placental function 

begins . There is then the unique situation of a small semi- independent 

creature intimately linked to the physiologic functions and pharmaco

logic activities in another older individual . 

Despite scattered comments in the medical literature over the past 

century regarding prenatal intoxication as a cause of congenital malfor

mations , it has only been during the past few decades that concerted 

effort has been made to characterize these effects . For obvious rea

sons most of the production and evaluation of gross malformations have 

been conducted in lower animals . That positive findings in such animal 

experiments should generate concern for similarly exposed human fetuses 

remains controversial . 

When drugs or other chemicals reach the fetus during the most 

critical period of organogenesis, there may be (a) no measurable effect, 

(b) toxicity may be so marked that the embryo is killed or aborted in 

which case it may be a teratogen at a lower dose , (c) gross anatomic 
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defects may be produced, or (d) some permanent, subtle metabolic or 

functional defect may be induced. 

Thalidomide is, of course, a prime example of a human teratogen 

substantiated on the basis of many well documented cases (Larsen, Hole, 

MacKenzie, 1963; Hagan, 1965; Otterland, 1965) . In addition to various 

limb deformities such as phocomelia, thalidomide produced ear defects, 

imperforate anus, intestinal atresias (absence of a normal body orifice), 

hemangiomata (a benign tumor made up of new-formed blood vessels), and 

heart defects in some patients. Combinations of these deformities have 

been reported in the absence of thalidomide exposure but never in the 

epidemic proportions as noted in the late 1950's and early 1960's . It 

is amazing that thalidomide babies bear a striking resemblance to the 

inherited Holt-Oram syndrome which is characterized by facial hemangio

mata, heart defects, and phocomelia (Lenz, 1971). 

The study of chromosomal damage as a result of drug intake is rela

tively new as compared to other aspects of drug action in animals and 

humans. It was not until 1956 that Tjio and Levan reported the true 

diploid complement of human somatic cells. It was their improvement in 

the basic techniques for chromosome study that opened the door for a 

tidal wave of new methods and discoveries. Interest shifted from normal 

karyotypes to the study of abnormal chromosomal complements, including 

changes in both chromosome number and morphology, and the factors that 

influence such aberrations. 

A method of evaluating the cytogenic effect of chemicals in man 

and laboratory animals involves the demonstration of induction of chro

mosomal damage in somatic tissues, which is now being extensively 
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examined . It must be recognized that somatic cell chromosome abnormali

ties represent, in many instances , the only effect known for a variet y 

of agents on the genetic material of human cells (Neel and Bloom, 1969). 

Because of the sensitivity of human lymphocyte chromosomes to exogenous 

agents, this system appears to be practical for the systematic screen

ing of new drugs and environmental contaminants . 

During the past few years, many investigator s have been examining 

patients with certain disorders and congenital malformations for the 

presence of possible chromosomal aberrations. A primary concern with 

chromosomal aberrations is the possibility that they may (a) act as an 

indicator system for non-observable mutagenic changes in somatic cells 

not grossly altered, or (b) the chromosome aberrations observed may be 

involved in the initiation of the disorder or the malformation. 

To date, there are almost no data which permit precise statements 

relating a particular chromosome aberration, that is a gap, break, frag

ment, dicentric, ring, rearrangement, or translocation to a particular 

disorder or malformation; or a specific spectrum of these chromosome 

aberrations to a predictable incidence of a specific disorder or mal

formation in human or other mammals. Nonetheless, a number of relation

ships have been postulated between chromosome aberration and certain 

disorders and malformations. To briefly mention a few, these relation

ships would include neoplasia, certain inherited disorders as Bloom's 

syndrome, Fanconi's syndrome and ataxia-telangiectasia, and the con

genitally malformed live birth infants and the abortuses. 

Perhaps the most extensive evidence relating chromosome changes in 

somatic cells to specific biological effects in man appears to be in the 
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area of neoplasia. Studies in recent years have demonstrated that by 

the time many mammalian neoplasms reach macroscopic size, it is charac

terized by chromosome alterations (Nowell, 1965; Conen, 1967). They 

further observed that the entire neoplasm often consisted of a single 

clone of cells showing the same alteration in karyotype and usually with 

related chromosome changes. Yet, it is debatable whether the chromosome 

changes observed in mammalian neoplasms are primary or secondary phenome

na, and whether they are involved in the initiation of the tumor or only 

in its subsequent progression or perhaps if any relationship at all exists. 

Recent years have witnessed perhaps an unexpected development in 

human genetics: that certain inherited disorders which at first glance 

seem totally unrelated to chromosome changes, are now associated with an 

increased incidence of chromosomal breakage (Levitan and Montagu, 1971). 

Two such inherited disorders in particular which have been implicated 

in several studies are Bloom's syndrome and Fanconi's syndrome (German, 

Archibald, and Bloom, 1965; Hecht et al. 1966; Baikie, 1966) and a more 

limited study involving ataxia-telangiectasia (Hecht et al. 1966) . It 

is indicated that in these rare human disorders (Bloom's syndrome, Fan

coni's syndrome, and ataxia-telangiectasia syndrome) in which there is 

a constitutional propensity for increased spontaneous chromosomal aber

rations in leukocyte cultures, there is an increase also in the incidence 

of leukemia and lymphoma (Hecht et al. 1966; Baikie, 1966) . 

German et al. (1965) reported seven individuals with a rare syndrome, 

very similar to Bloom's syndrome described in 1954 which was characterized 

by congenital telangiectatic erythema, low birth weight and stunted growth. 

They reported a high frequency of chromosomal breakage and rearrangement 
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was found in cultured blood cells from six of the seven individuals 

with this rare syndrome . As of that time, April, 1965, only 19 in

stances of this apparently genetically determined disorder were known , 

and malignant neoplasia had developed in three (German et al . (1965). 

Three of the sixteen families involved had affected siblings , and in 

five there was parental consanguinity . 

Fanconi ' s syndrome is characterized by a variety of blood changes 

as pancytopenia , panmyelopathy, aplastic anemia or familial thrombocy

topenia in addition to the pigmentary changes in the skin and malforma

tions of the heart , kidney and extremities . This condition was first 

described in 1927 in three brothers with pancytopenia and multiple 

congenital malformations . Schroeder et al. (1964) examined two bro

thers with Fanconi ' s disorder and found a high incidence of chromosome 

breakage and translocation. Later in 1966, Bloom and associates r e

ported a variety of structural aberrations and a specific type of 

polyploidy, endoreduplication, observed in the chromosomes of ten of 

twelve patients with the Fanconi type of disorder. 

Another study has found increased chromosomal breakage in ataxia

telangiectasia, whose features are progressive defect in muscular co

ordination of cerebellar origin, telangiectases, especially of the 

conjunctiva, and proneness to respiratory tract infection . Hecht et 

al . (1966) studied lymphocyte cultures taken from 3 individuals with 

ataxia-telangiectasia and found a high frequency of chromosome break

age. 

Reports indicate that approximately one to five percent of live 

birth infants are congenitally grossly malformed , and approximately 



one percent show chromosomal aberrations (Warkany and Kalter, 1961; 

Kennedy, 1967; Shaw, 1970). Mcintosh et al . (1954) reported that at 
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the end of one year of age, this percentage of malformations is doubled 

by discovery of malformations not manifest at birth . The presence of 

an extra small chromosome or extra chromosomal material in mongolism 

was among the first congenital malformations in human to be associated 

with chromosome aberrations (Jacobs et al. 1959; Book et al . 1959) . The 

most frequent chromosomal aberration in mongolism is the presence of a 

G21 trisomy i . e. an extra chromosome in the G-group . Mongolism also 

referred to as Down ' s syndrome or G21 trisomy syndrome, is a pathologic 

state whose most constant features are mental retardation and a more or 

less characteristic facial appearance. 

Approximately twenty-five to thirty-three percent of all detected 

spontaneous abortions in the first trimester of pregnancy are chromo

somally abnormal (Carr, 1967; Nelson, Vaughan, and McMay, 1969; Dhadial, 

Machin and Tait , 1970; Shaw, 1970). It is not evident from presently 

available data what percentage, if any, of the spontaneous abortions 

are drug induced . 

These associations raise the question as to whether congenital 

malformations induced by teratogens also are associated with chromoso

mal aberrations . With this in mind, the problem set forth is to at

tempt to correlate cytogenetic effects (chromosomal aberration and 

mitotic index) with gross anatomical anomalies induced by several 

semi-synthetic and synthetic narcotic analgesics, for example dihydro

morphinone (dilaudid), diacetylmorphine (heroin), and methadone; and 

a diazo dye, trypan blue, in the developing fetal hamster when 
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administered to pregnant hamsters during the critical period of fetal 

organogenesis. A consideration for selecting these drugs in the present 

study was (a) to correlate the teratogenic effect with the cytogenic 

effect within a given series of compounds whose structures are similar 

(semi-synthetic and synthetic narcotic analgesics) and (b) to compare 

these data with the data obtained from trypan blue, whose structure is 

totally different from the semi-synthetic and synthetic narcotic anal

gesics. 

The semi-synthetic compounds related to the naturally occurring 

opium alkaloid morphine, are dihydromorphinone, an oxidation product 

of morphine and diacetylmorphine, a diacetylated derivative of morphine 

(Fig. 1). They have in common, unlike the synthetic compound methadone, 

a phenanthrene nucleus (Fig. 2). However, this phenanthrene nucleus 

can be modified or even eliminated without loss of the analgesic activi

ty. It appears that the analgesic activity depends upon a piperidine 

grouping, gamma-phenyl-N-methylpiperidine, (Fig . 3) which is part of 

the structure of morphine, dihydromorphinone and diacetylmorphine and 

can be approximated by methadone (Fig. 4). This capability of the 

methadone molecule would explain its structural and pharmacologic simi

larity to morphine and the semi-synthetic compounds. 

Morphine and its derivatives are strong analgesics, respiratory 

depressants and smooth muscle stimulants . These compounds produce a 

major effect on the central nervous system. In addition, they also are 

capable of producing a state of drug dependence . Morphine and its 

surrogates exert in man a narcotic action manifested by analgesia, 

drowsiness, changes in mood, and mental clouding. The psychological 



FIG . 1. Morphine, dihydromorphinone and diacetylmorphine 
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FIG. 2 . Phenanthrene nucleus 
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FIG . 3. Gamma-phenyl-N-methylpiperidine 



FIG. 4 . Methadone 
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effects are reported to outlast the analgesic effect by many hours. It 

is interesting to note that the analgesic effect of the semi-synthetics, 

dihydromorphinone and diacetylmorphine, are more potent than the natural 

alkaloid itself, morphine, while methadone maintains the same potency 

as morphine. 

Dihydromorphinone and methadone are presently employed clinically 

as analgesics, and methadone has a unique application in the therapy of 

morphine and heroin dependence. Heroin, a highly euphoriant and anal

gesic drug is no longer used clinically because of its great dependence 

producing liability. They all are reported to be teratogenic in ham

sters (Geber and Schramm, 1969b; Geber, 1970). 

Trypan blue, a diazo dye and a complex derivative of benzidine 

(Fig. 5), was utilized in the present study as a reference drug since 

it is a well established teratogen (Gillman et al. 1948; Turbow, 1966). 

In addition to having a chemical structure totally unrelated to the 

semi-synthetic and synthetic narcotic analgesics, trypan blue was 

selected also because (a) it is a compound possessing no analgesic or 

therapeutic effects, and (b) it possesses as reported no behavior- al

tering properties. However, evidence indicates the same types of in

duced congenital malformations of the central nervous system are pro

duced by both types of drugs (Geber and Schramm, 1969b; Geber, 1970). 
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FIG. 5. Trypan blue 
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Review of the Related Literature ---
One of the earliest experiments to test whether a known teratogen 

could cause chromosomal aberrations was performed by Ingalls, Ingenito, 

and Curley (1963) . The teratogenic agent selected was 6-amino nico-

tinamide and cleft palate was the deformity to be induced. Embryo 

tissue cultures were initiated one day and six days after injection 

into pregnant female mice . Polyploidy and chromosome fragmentation 

were greater in fetal cultures from treated mice than in the control 

cultures . Bone marrow preparations from the mothers demonstrated simi-

lar results. Fetal cultures initiated six days after maternal injection 

contained 61.3 percent normal cells, 9.1 percent polyploidy, and 29.6 

percent chromosome fragmentations, whereas, cultures initiated one day 

after injection showed 41 . 7 percent normal cells, 47.5 percent poly-

ploidy and 10 . 8 percent chromosome fragmentations. The control cul-

tures contained 3.6 percent cells with chromosomal abnormalities. 

Borenfreund, Krim, and Bendich (1964), reported that hydroxyla-

mine and certain of its derivatives (N-methylhydroxylamine, N-hydroxy-

urethane, N-hydroxyaminoacetic acid, hydroxyurea, and hyponitrous acid) 

induced fragmentations, translocations and rearrangements in fetal 

chromosomes of the mouse and Chinese hamster. Whereas only a few 

chromosomal changes were observed 24 hours after addition of the agents, 

the frequency of chromosomal aberrations markedly increased 48 and 72 

hours after treatment. Since these agents induce main-chain cleavage 

of isolated deoxyribonucleic acid (DNA) in solution, it was believed 

that the observed chromosome morphological aberrations are due to a 

direct attack on the DNA of the chromosome. 
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Azathioprine (Imuran), a derivative of 6-mercaptopurine, is widely 

used as an immuno-suppressive agent particularly in patients receiving 

organ transplants. From animal administration studies, azathioprine 

has been found to be a potent teratogen in mice and rabbits , producing 

a variety of fetal malformations some of which are similar to those 

seen with thalidomide ingestion . 

Pregnant New Zealand white rabbits received a single 15 mg/kg 

intraperitoneal injection of azathioprine on the eleventh day of gesta

tion (Ripps, Kozma , and Moore, 1970) . Direct preparations of maternal 

bone marrow and whole body homogenates or bone marrow from their fetuses 

were examined during various time intervals, ranging from 6-72 hours 

after treatment . Both dams and fetuses showed a markedly increased in

cidence of chromosomal aberrations, compared to the controls . Chromatid 

breaks were more frequent but fragments, dicentrics and complex exchange 

figures were seen also. The incidence of fetal chromosome aberrations 

was greatest between 12 and 72 hours . Maternal chromosomes showed evi

dence of damage as early as six hours after treatment . By one week 

after drug administration, the incidence of structural abnormalities 

was not significantly higher than the controls. 

Another group of pregnant animals was permitted to go to term (30-

32 days) and the fetuses showed 76 percent external malformations in

cluding cleft palate, phocomelia and amelia. All of the affected 

animals died within 72 hours after birth. 

As Ripps and colleagues point out in their paper , their results 

are in striking contrast to the situation in humans where the small 

number of pregnancies known to have occurred in women during azathioprine 
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therapy have all resulted in anatomically and immunologically normal 

offspring. However, azathioprine produces a variety of chromosomal 

aberrations in adult humans, but no fetal chromosomal aberrations have 

been reported. 

Soukup, Takacs, and Warkany (1965), examined the chromosome 

changes in 13-day rat embryos after exposure to teratogenic doses of 

irradiation in vitro and in vivo. Numerous and severe malformations 

were produced in rat fetuses from mothers irradiated with 200 rads and 

300 rads . In one experiment, 31 of 33 fetuses exhibited external mal-

formations when allowed to go to term after receiving 200 rads of irra-

diation. After receiving 400 rads almost all the offspring were recog-

nized as abnormal when examined on the 16th day or later. 

Irradiated cultures (300, 400, and 600 rads) of rat embryonic cells 

in vitro exhibited a majority of chromosome-type aberrations (the in-

volvement of both chromatids) with a minority of chromatid-type aberra-

tions (the involvement of one chromatid). Dicentrics, rings and ex-

change figures were observed also. In in vivo only a low percentage 

(1-7 percent) of abnormal fetal metaphase figures was observed after 

200 and 300 rads had been administered to the pregnant rats on day 13 

of gestation. The percentage of abnormal metaphases was greatly in-

creased (60-61 percent) when fetal chromosomes were examined 6-12 hours 

after irradiation with 400 rads . The level of chromosomal abnormali-

ties dropped rapidly and all fetal cell cultures returned to essential-

ly normal after several days . 

Soukup et al. (1967) demonstrated teratogenic and chromosomal 

damage in rat embryos from mothers injected with a single dose of 
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nitrogen mustard (1 mg/kg), chlorambucil (8 mg/kg), or streptonigrin 

(0 .25 mg/kg) on day 11, 12 or 13 of gestation . A single dose of hy-

droxyurea (750 mg/kg) injected on day 13 produced teratogenic damage 

but failed to produce chromosomal aberrations; the same results were 

obtained with thalidomide when fed to pregnant rabbits in a concentra-

tion of 200 mg/kg from day 8 to 13 of gestation. Embryos were examined 

for chromosome aberration in squash or "direct method" preparations at 

various time intervals following administration of the teratogen . Em-

bryos from rats treated with a teratogenic dose of nitrogen mustard or 

chlorambucil showed approximately 20 percent abnormal metaphase figures 

and streptonigrin produced less than 10 percent chromosomal aberrations. 

The maximum number of fetal chromosome aberrations appeared within 24 

hours following the final injection. The vast majority of abnormal 

metaphase figures disappeared within 48 hours after the last injection. 

Roux, Emerit, and Taillemite (1971) , studied the teratogenic and 

cytogenetic effects of thalidomide, rubidomycin, and trypan blue . For 

thalidomide experiments, rabbits of the Fauve Bourgogne stock were used 

and Wistar rats were used for the rubidomycin and trypan blue studies. 

For cytogenetic studies, chromosome-breaking properties of the sub-

stances were first tested in vitro, on human blood cultures . In vivo 

studies were performed (1) on the blood (rats) or bone marrow (rabbits) 

of treated pregnant females and (2) in embryos examined 2 hours after 

the last application of the substance tested . A significant increase 

of teratogenic and chromosomal anomalies was found in the embryos in 

the three experiments. Among the teratogenic effects were cardiovascu-

lar, urogenital, and brain defects . Breaks and fragmentations were 
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the major chromosomal anomalies observed. 

Pregnant Swiss mice were injected intraperitoneally with 100 mg/kg 

of trypan blue, a well established teratogen, on day 9 of gestation 

(Joneja and Ungthavorn, 1968). The pregnant mice were sacrificed at 

various time intervals (day 10 , 11 or 13 of gestation) after admini

stration of the dye for gross morphological and chromosomal examinations. 

Analyses of anaphase- telophase revealed a high incidence of mitot ic 

irregularities such as chromosome bridges and/or fragments in fetal 

cultures of the trypan blue treated females as compared to the untreat

ed controls. The cultures of the normal looking fetuses showed about 

one-half as many abnormal anaphase-telophase figures as the cultures 

of the malformed fetuses. Additionally, cultures from four of the 

malformed fetuses did not show any dividing cells which suggested to 

these investigators the possibility that in some cases, trypan blue may 

have an inhibitory effect on mitosis. The incidence of chromosomal 

aberration did not vary greatly at different time intervals after ad

ministration of the dye . 

Many types of studies dealing with sodium and calcium cyclamates 

and cyclohexylamine have been conducted on various species of animals. 

Some studies have indicated untoward effects while other studies have 

reported no effects using similar experimental procedures and animals . 

Effects on embryogenesis, teratogenicity , skeletal development, repro

ductive functions, or decreases in growth and food utilization in va

rious species have been claimed by: Tanaka (1964) using mouse embryos; 

Nees and Derse (1965 and 1967) using rats; Ghiani and Muratori (1969) 

using the chicken; and Becker and Gibson (1970) with the primigravid 
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Swiss mice. No harmful or deleterious effects on the above processes 

have been reported by the following investigators using the listed ani

mals; Kennedy , ~ al . (1969) , rabbits; Oser , Carson and Vogin (1968), 

rats; Fritz and Hess (1968), rats; Dalderup and Visser (1969), rats ; 

Taylor, et al. (1968), rats and dogs; and Khera, et al . (1971) , rats. 

Chromosome studies on human cells in vitro have shown the artifi

cial sweeteners, sodium and calcium cyclamate, (250-500 mg/ml) can in

duce chromosome breaks i n both leukocyte and monolayer cultures derived 

from the skin and carcinoma of the larynx (Stone et al . , 1969). Very 

few quadriradial or doubled fragments were seen . Chromosome breaks in 

the control cultures had an average value of 5.2 percent while the 

cultures containing the cyclamate had an average value of 11.0 percent. 

Dixon (1972) reported high concentrations of sodium and calcium 

cyclamate and cyclohexylamine (500, 400 and 100 mg/ml, respectively) in 

vitro were shown to cause a statistically significant increase of chro

mosomal aberrations in Chinese hamster cells after 72 hours of exposure. 

At low concentration (10 mg/ml) , only sodium cyclamate produced a sig

nificant number of breaks after extended periods of exposure . 

In the experiments of Ostertag, Duisberg, and Stlirmann (1965), HeLa 

cells were exposed for one hour to caffeine at 500-10,000 mg/ml, then 

washed and grown without caffeine for 24 hours and the chromosomes were 

examined . Breaks were found proportional to dose, the caffeine being 

active if added either before or during DNA replication . The investi

gators concluded from their results that the doses from "normal" use of 

coffee or tea could perhaps be mutagenic . A later report from the same 

group of investigators (Ostertag and Grief, 1967) confirmed that breaks 
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depended on the cell cycle phase, this time growing human white blood 

cells with one percent caffeine present in the culture media. The cell 

cycle is a sequence of events which occurs during the life cycle of a 

cell. In consists of: a period prior to DNA synthesis which is desig

nated as the G1 period, the period of DNA synthesis (S) and the period 

following DNA synthesis (G2), followed by the period of mitosis (M) . 

Ostertag and collaborators concluded that breaks occurred only if DNA 

synthesis occurred after drug addition to the media. 

The effect of caffeine at concentrations of 1o-2M to 10-4M on the 

mitotic rate of human lymphocytes from twelve normal subjects was 

examined in vitro (Timson, 1970). At 1o-2M the drug was cytotoxic and 

at 1o-3M caffeine reduced the rate of mitosis in all cultures . When 

administered at 1o-4M the drug was found to reduce the rate of mitosis 

in all four male donor cultures except one which had the same value as 

the control cultures. In lymphocyte cultures prepared from six females, 

the mitotic rate was increased. Thus, at a concentration of 1o-4M the 

effect of caffeine on the mitotic rate appeared to be related to the 

sex of the lymphocyte donor. 

Though controversial, several investigators have tested marijuana 

extracts for its teratogenic and/or genetic action in the developing 

fetus . Miras (1965) reported that rats had consumed food containing 

Cannabis extracts at a concentration of 0.2 percent for several months 

had a reduction in growth rate . These animals, upon being bred, showed 

a high incidence of reduction in fertility but their offspring appeared 

anatomically normal at birth. Post-partum maternal mortality was high. 

Persaud and Ellington (1967), injected 16 mg/kg of Cannabis resin 
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intraperitoneally into pregnant mice on days 1-6 of gestation. Com

plete resorption of the developing zygote was observed, whereas the 

same dose given only on day 6 of gestation caused a high incidence of 

fetal runts. No apparent fetal malformations were observed at either 

time. A later report by Persaud and Ellington (1968) showed that the 

resin of Cannabis sativa exerted teratogenic effects in rats when ad

ministered daily at a dose level of 4.2 mg/kg on days 1-6 of gestation. 

A high incidence of malformed fetuses, fetal resorption and a decrease 

in fetal size and weight was observed. 

Two reports by Geber and Schramm (1969a) supported the observations 

of Persaud and Ellington (1968) in that various malformed fetuses were 

observed from pregnant hamsters and rabbits treated with marijuana ex

tract (25-300 mg/kg and 250-500 mg/kg, respectively) during the period 

of organogenesis. 

Experiments performed by Borgen, David and Pace (1971), failed to 

demonstrate teratogenic effects when pregnant rats were injected subcu

taneously with various dose levels (0.01-200 mg/kg) of a synthetic 

marijuana extract, delta-9-tetrahydrocannabinol (69THC), during the 

first 20 days of gestation . Doses above 25 mg/kg caused a marked post

natal mortality of pups apparently due to inadequate maternal lactation. 

The major effects noted were on the female rather than on the progeny, 

and these appeared only with higher doses. 

Hecht and collaborators (1968), reported a case where a child born 

to parents who had taken lysergic acid diethylamide (LSD) prior to and 

during early pregnancy and smoked Cannabis before and throughout preg

nancy. In addition, the mother had taken dicyclomine hydrochloride, 
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doxylamine succinate, and pyridoxine hydrochloride during the first 

trimester for nausea . At birth, the infant was observed to have right 

terminal transverse acheiria (absence of hand). The stump had several 

vestiges, perhaps representing digits . Chromosomal studies of lympho-

cytes from the infant's mother were performed and showed no evidence of 

chromosome breakage. Chromosomal analysis of the infant was denied by 

the mother. 

Carakushansky, Neu, and Gardner (1969), described a similar case 

where the infant , whose mother was believed to have been exposed to 

lysergide and Cannabis during pregnancy, exhibited a terminal transverse 

deficit of portions of fingers on the left hand, and syndactyly of the 

right hand with shortened fingers . The second, third, and fourth fin-

gers of the right hand were webbed and abnormally short. The left hand 

showed absent nails and shortened fourth and fifth fingers. There was 

webbing between the second and third toes of the right foot and talipes 

equinovarns (a condition where only the sole and ball of the foot rests 

on the ground) of the left foot. Chromosome studies of peripheral leu-

kocytes from the baby were performed after birth. Thirty-one metaphases 

were examined and none showed evidence of chromosome breakage. Thirty 

cells were 46, 44 and one cell was 45, 44, G-(the absence of one of the 

G-group chromosome). 

8 Neu and co-workers (1970), added 6 THC to human leukocyte cultures 

to give final concentrations of 30, 35, 40 and 45 mg/ml of medium and 

observed the chromosomes. The presence of 68THC in the cultures re-

sulted in a decrease in the mitotic index at all concentrations . The 

mitotic index decreased with increasing concentrations of 68THC . There 
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was no increase in the number of breaks and/or gaps with 68THC as com

pared to those found in the control . Structural rearrangements wer e 

not observed . 

Of the several reports dealing with drug-induced chromosomal aber

rations and/or drug-induced teratogenesis, the literature is more ex

tensive with regard to lysergic acid diethylamide (LSD) . Probably, none 

of the psychoactive drugs or the so- called "drugs of abuse" has received 

as much publicity or has been so feared as LSD. The controversy over 

its potential harmfulness has reached into the levels of research, where 

a number of investigators reported it to be capable of inducing chromo

somal aberrations and teratogenic effects while others reported no chro

mosomal aberrations and found it to be non-teratogenic. 

In animals , some investigators (Alexander et al. 1967; Geber , 1967 ; 

Auerbach and Rugowski , 1967; Browning, 1968; Hanaway, 1969) have asso

ciated increases in prenatal loss , stillbirths and congenital anomalies 

with in utero exposure to LSD , while others have not (Fabro and Sieber, 

1968; Grace , Carlson and Goodman, 1968; Warkany and Takacs, 1968) . 

Finally , Cohen and Mukherjee (1968) and Skakkebaek, Philip and Rafael

sen (1968), demonstrated LSD induced damage in meiotic chromosomes of 

mice, a finding which could not be duplicated by Jagiello and Polani 

(1969). 

In experiments utilizing mice, Auerbach and Rugowski (1967) repor t

ed a relatively high frequency of brain defects in offspring examined 

at an early stage of gestation after the mother had received 0.04 mg/kg 

of LSD . Hanaway (1969) found apparent abnormalities only of the lens; 

and DiPaolo and Alexander (1968) , noted facial anomalies which occurred 



24 

also in the controls, but at a lower percentage. 

Cohen and Mukherjee (1968) and Skakkebaek ~ al . (1968), examined 

meiotic chromosomes in mice; both groups of investigators found a marked 

increase of chromosomal aberrations due to LSD despite the use of dif-

ferent concentrations of LSD (25 mg/kg and 1 mg/kg, respectively). 

Cohen and Mukherjee (1968), also examined bone marrow cells in mice and 

noted that LSD administered at a dose level of 25 mg/kg nearly quad-

rupled the control breakage frequency (14.7 vs. 4.0 percent) with a 

marked increase also in structural abnormalities . Jagiello and Polani 

(1969), by contrast, could not confirm aberrations in meiotic chromo-

somes of mice as a result of LSD treatment. 

Various studies with rats (West, 1962; Alexander et al. 1967) re-

vealed negative teratogenic effects with LSD. The Alexander et al. 

(1967), report was a little misleading in that no abnormalities were 

recorded although a few offspring were stillborn and an apparent re-

duction in litter size occurred, but no congenital malformations were 

noted. 

Later studies by Alexander et al. (1970), revealed that oral or 

subcutaneous administration of LSD to pregnant Wister-O'Grady rats re-

sulted in fetal damage in litters which was 3 to 4 times higher than 

in controls given distilled water or saline. However, no unusual num-

her of specific deformities was observed. Treatment during the first 

seven days of pregnancy was found to be most effective in inducing ab-

normal offspring but treatment later in pregnancy was ineffective. 

Uyeno (1972), subcutaneously administered a single dose, at dif-

ferent concentrations of lysergic acid diethylamide to rats on the 
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fourth, sixth, eighth or tenth day of gestation. The percentage of 

females that produced no offspring was calculated at each dose level 

and the results indicated that the disrupting effects of LSD on repro

duction are dose related. However, when 15-25 mg/kg of LSD was admini

stered on the tenth day of gestation, the percentage of abnormal off

spring born of the treated females was significantly greater than those 

born of the control females. 

One primate study (Kato ~ al. 1970), involved serial chromosome 

examinations of six pregnant rhesus monkeys. Four of the monkeys were 

given injections of LSD (0 . 125-1.0 mg/kg) and two monkeys served as 

controls. Three of the four pregnant rhesus monkeys and one offspring 

of an LSD-treated mother, showed temporary chromosome damage (breaks), 

with a return to normal after several weeks or months. This agrees with 

the findings of Hungerford and colleagues (1968) for humans . However, 

one of two control monkeys showed a similar degree of damage as did 

two offspring of the control mothers . Three of the four offspring of 

LSD-treated mothers died: two had facial malformities and were still

born; the third died one month after birth. The lone survivor of the 

LSD-treated mother did not show a significant increase in chromosome 

breaks and appeared normal. 

There are several reports comparing the teratogenic effect and 

chromosomal analysis in leukocyte cultures taken from humans after ex

posure to LSD and from unexposed controls. Many of these studies in

volve the teratogenicity and chromosomes of drug users , with ignorance 

of many factors such as dose or doses of LSD taken, purity of compound, 

unknown nutritional status of individual, exposure to infection, and 
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general living conditions . Furthermore, the majority of these users 

employed additional drugs as well , either before or at the same time as 

the LSD was taken . 

Additional human data consisting mostly of retrospective case re

ports showed congenital anomalies in infants whose parents admitted to 

the ingestion of LSD before or during pregnancy . One infant had fibular 

aplasia and absent tarsal , metatarsal and phalangeal bones in the right 

lower limb (Zellweger, McDonald and Abbo, 1967), another had absence of 

the right hand (Hecht et al. 1968) . The infant patient described by 

Carakushansky, Neu and Gardner (1969), had missing phalangeal bones in 

both hands, webbing of the toes , and talipes equinovarus of the left 

foot . Assemany, New and Gardner (1970), described an infant with miss

ing phalangeal bones in the third finger and third toe on the right side 

of the body. A patient reported by Eller and Morton (1970), had multi

ple congenital anomalies including a thoracolumbar rachischisis and 

bilateral club feet . In all previously mentioned cases, LSD was illi

citly ingested. In addition, the mothers as well as the fathers had 

been exposed to other drugs before and during pregnancy . 

Judd , Brandkamp and McGlothlin (1969) , carried out an exper iment 

in which three groups of subjects were compared: nine continuous heavy 

users of LSD , eight formerly heavy users who discontinued the use of 

LSD at least 15 months prior to the chromosome examination, and eight 

drug-free control persons who had never used LSD . The results failed 

to show significant differences in percent of chromosome breaks among 

the three groups. The continuous users exhibited the lowest percentage 

of breaks (0 . 32 percent) , the former users the highest percent (1 .80), 
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and the drug-free controls an intermediate valve (0.72 percent). 

Tjio, Pahnke and Kurland (1969), carried out a study involving 

chromosome examination of 32 patients before, and at least once after 

they were given pure LSD in a double-blind study. No statistically 

significant increase in chromosome aberrations after LSD administration 

was noted either for the low dose group (11 patients, one dose of LSD 

at 50 ~g) or for the high dose group (21 patients, one dose of LSD be

tween 250 and 450 ~g). In the high dose group the mean percentage of 

breaks before and after LSD treatment was 4.39 and 4.16 percent, re

spectively, and in the low dose group breakage was 4.05 and 9.26 per

cent, respectively. The combined total for both groups was somewhat 

lower before than after LSD (4.28 vs. 5.91 percent, respectively), but 

not significantly so . Unfortunately, 31 of the 32 patients received 

one or more drugs during their hospitalization before the pre-LSD blood 

samples were drawn. 

Three reports of persons examined after medical administration of 

LSD failed to find an increase in breaks or structural abnormalities 

even though large doses of the pure compound were administered (Bender 

and Siva Sankar, 1968; Sparkes, Melnyk and Bozzett, 1968; and Tjio et 

al. 1969). However, other reports did demonstrate an increase in 

breaks (Abbo, Norris and Zellweger, 1968; Nielsen et al. 1968); in one 

of these groups LSD alone had been used. 

Hungerford et al. (1968), performed experiments on three patients 

from whom blood cultures were set up one hour prior to LSD administra

tion. Known doses of LSD were administered, and further blood cultures 

were set up during the course of LSD treatment which extended over a 
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period of one month; and again one to six months after the last dose of 

drug had been injected. Three control subjects were matched to the 

patients according to age and sex . The controls showed a range of breaks 

from 1 to 7 percent. Hungerford and collaborators observed a number of 

structural abnormalities such as four dicentrics and one quadriradial in 

metaphases counted from three LSD subjects , but none in the metaphases 

from these same subjects counted before LSD administration, and none in 

the metaphases of the three control subjects . 

Jacobson and Berlin (1972) reported on a population of young adults, 

mothers and fathers, admitting to the use of LSD before and during preg

nancy and followed the outcome of the pregnancies. Major structural 

anomalies, usually of the central nervous system, or skeletal system, 

or both, occurred in 10 percent of the live births (8 of 83 infants). 

In pregnancies identified before the 12th week, there was a 43 percent 

incidence of spontaneous abortion; this is more than twice the accepted 

"normal" rate of 15- 20 percent. In eight serial pregnancies in six 

women, four (50 percent) resulted in abnormal fetuses in live birth 

children. 

Cohen ~ al. (1968) reported on the cytogenetic investigation of 

nine children exposed to LSD - 25 in utero, four children of other LSD 

users not exposed in utero, the mothers of these children, and six ad

ditional adults taking the drug . The comparison control group, matched 

for age and sex, consisted of 15 normal healthy individuals (six 

children and nine adults) who had not ingested the drug . A significant

ly elevated frequency of chromosomal damage was observed in all the 

individuals exposed to the drug as compared with the control. The 
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group of children from mothers using LSD prior to conception but not 

during pregnancy, exhibited a much lower frequency of chromosomal damage 

than the children exposed in utero. Among those individuals exposed to 

the drug, structural rearrangements were observed, six dicentric chromo

somes and two quadriradial formations. Two dicentrics and one quad

riradial were noted in the children exposed in utero, two dicentrics 

in a child whose mother was exposed prior to conception, and the remain

ing quadriradial and two dicentrics were in adults who had ingested the 

drug. It is important to note that all of the structural rearrangements 

were observed in the LSD group, while none were seen in the control 

group. In spite of obvious chromosomal aberrations, all of the indi

viduals were apparently healthy and showed no obvious birth defects. 



-- -- - --

MATERIALS AND METHODS 

Specimen Selection 

The golden hamster, Cricetus auratus, was selected as the experi

mental animal since it exhibits several reproductive features which make 

it an attractive animal for research in teratology . These features in

clude (1) the short gestation period of fifteen or sixteen days, (2) the 

large litter size with an average of ten or more fetuses, and (3) the 

ease of obtaining accurately timed mating which is important in the 

interpretation of the embryonic responses to teratogens. Furthermore, 

the golden hamster has responded to a wide range of teratogens as trypan 

blue (Gillman~ al . 1948 ; Ferm, 1958 ; Geber, 1969) , vinblastine and 

vincristine (Ferm, 1963), vitamin A (~~rio-Padilla and Ferm, 1965), 

salicylamides (La Pointe and Harvey, 1964), isoproterenol (Geber, 1969), 

morphine, heroin and methadone (Geber and Schramm, 1969b), lead (Ferm 

and Ferm, 1971), and sodium arsenate (Ferm, Saxon , and Smith, 1971). 

Animal Maintenance and Breeding 

Virgin golden hamsters were obtained from the Lakeview Colony and 

bred at 100-120 days of age in our laboratory with an average weight of 

135 grams. The hamsters were established in a room with light controlled 

by a time clock to provide light from 7:00 AM to 7:00 PM and darkness 

from 7:00 PM to 7:00 AM. Prior to and after breeding, the animals were 

placed in individual cages and Purina laboratory chow and tap water were 

available ad libitum. 

30 
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In order to determine the appropriate day for breeding, each female 

was examined every morning between 8 : 00 and 9:00 AM to determine the day 

of the four-day estrous cycle. The technique for the examination and the 

determination of the stages of the estrous cycle described by Orsini 

(1961), were employed. For examination, the females were held in one 

hand by the cervical and thoracic folds, the tail is pulled down and 

slight pressure is applied lateral to the vaginal orifice with the fingers 

to observe the type of secretion or discharge which is expelled. 

Day 1 of the cycle is characterized by the appearance of a slight 

stringy, translucent and clear discharge. During the evening of day 1, 

female hamsters usually show lordosis, a sign of being in heat revealed 

by stiff legs, flat back and tail pointed straight up which exemplifies 

her willingness to accept the male. If the female hamster is not in 

estrous, she will resist and attack the male within two to five minutes 

after she is placed in his cage. The animals were bred between 8:00 PM 

and 10:00 PM by placing the female in the cage with the male overnight 

and the following morning before 8 : 00 AM the female was returned to her 

cage. All hamsters left overnight to breed were considered pregnant and 

were treated as such. 

Day 2 is the most obvious indication of the four-day estrous cycle 

revealed by a thick, white opaque and smelly discharge. If the female 

was bred the previous night of day 1, a copulation plug may be present 

in the vaginal region during the morning of day 2 which is considered 

as day 1 of pregnancy. Following day 1 of pregnancy the female hamsters 

were not handled again until day 8 of pregnancy at which time the first 

injection was made. During the morning of day 3 in non-bred female 
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hamsters, a distinct slightly yellowish waxy plug is expelled from the 

vaginal orifice. On day 4 of the estrous cycle, examination shows no 

or very little moist and non- mucous discharge from the vagina. An 

individual record of every female hamster denoting each day of examina

tion was maintained . 

Experimental Treatment 

The pregnant hamsters were injected subcutaneously during the most 

critical period of fetal organogenesis during which time the fetuses are 

most susceptible to a teratogen. Therefore , on days 8, 9, and 10 of 

gestation 82 . 0- 94.0 mg/kg of dihydromorphinone hydrochloride (dilaudid) , 

213 . 0-260 . 0 mg/kg diacetylmorphine hydrochloride (heroin), 46 . 0-68 . 4 

mg/kg methadone hydrochloride, or 3.3-4.3 mg/kg trypan blue sulfate was 

administered to the pregnant hamsters in an experimental group, and 

saline was administered to a control group . The concentration of all 

drugs was calculated as the base. 

All drug concentrations were selected to give an adequate terato

genic effect based on the teratogenic dose-response data in Table 1. A 

dose range for each of the drugs was used in order to ensure the survi

val of the pregnant hamster and/or fetuses . Special concern was given 

to the survival of both the pregnant female and the fetuses with metha

done since a reliable dose-response relationship could not be established 

with the dose range utilized (46 . 0-68 . 4 mg/kg). Trypan blue, and to a 

lesser extent dihydromorphinone, presented some difficulty with fetal 

survival whereas maternal survival was not a problem. The appropriate 

concentration for the induction of fetal anomalies was the major concern 

with diacetylmorphine. 
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TABLE 1 . Teratogenic dose- response relationship for a single 

injection of dihydromorphinone, diacetylmorphine, 

methadone , and trypan blue in the fetal hamster 

Dose Fetuses Anatomical 
(mg/kg) per litter malformation 

Drug (average) (percent) 

Dihydromorphinone* 14. 0 11.7 0 
19 . 0 11.5 3 
39 . 0 11.9 14 
98.0 11.6 30 

125.0 10. 9 51 
137 . 0 10.8 46 
258 . 0 10 . 6 48 

Diacetylmorphine* 135 . 0 11.7 6 
157 . 0 12 . 0 5 
322 . 0 11.7 5 
460 . 0 10 . 0 5 
480 . 0 9.5 15 
670 . 0 10 . 0 20 

Methadone* 31.0 12. 3 3 
67 . 0 12 .1 12 
74 . 0 12 . 2 12 
86 . 0 7 . 9 41 
93 . 0 7.3 42 

108. 0 7 .1 72 
115 . 0 6.8 74 
180 . 0 0 . 5 100 

Trypan blue* 1.2 9.1 1 
2.1 8 . 4 4 
8.0 7.8 8 

20 . 3 7.2 20 
40.4 6 . 0 22 

Saline** 0 . 5 ml 12.2 0 

* Twenty litters analyzed for each designated dose 

**Sixty litters analyzed 
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The experimental drugs were dissolved in 1 . 0 ml sterile saline 

except trypan blue which was dissolved in 10 . 0 ml of sterile saline 

immediately before injection. The injections were administered on day 

8 between 9 : 30 AM and 10:30 AM, on day 9 between 3 :00 PM and 4:00 PM, 

and on day 10 between 8:30 PM and 10 :00 PM. The injections were given 

on three consecutive days to obtain the teratogenic effect on day 8 of 

gestation and to maintain, if any , the chromosomal aberrations until 

day 11 . At this time (day 11) , the fetuses were large enough to observe 

anatomical malformations with a dissecting microscope, and contain suffi

cient material for culturing. A 10-14 hour time period elapsed between 

the last drug administration and the time of sacrifice since it has been 

reported that a greater percentage of chromosomal aberrations can be 

observed when this time period exists (Soukup et al . 1965) . 

Preparation for Short Term Culturing and Fetal Examination 

The female hamsters were sacrificed on the morning of day 11 between 

7 : 00AM and 9:30AM by overetherization in an isolated room outside the 

main laboratory to prevent any effect of the ether fumes on the tissues 

being prepared for culturing . As soon as respiration had ceased in the 

pregnant hamster, the uterus was exposed by making a midline incision in 

the lower abdominal region extending through the thoracic region to de

flate the lungs by their exposure to atmospheric pressure to ensure death . 

From this point on the process was conducted using aseptic techniques 

with sterile equipment . The uterus was removed and placed in a specimen 

bottle containing 15 ml of the collecting solution (Hanks balanced salt 

solution with 400 units of penicillin and streptomycin mixture per 

milliliter) and then returned to the main laboratory. 
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The intact u t erus was carried through two separate washings in the 

collecting solution to remove blood and debris . During this time the 

number of uterine implantation sites was recorded and each scored as a 

viable fetus, a runt, dead or resorbed fetus . A viable fetus was one 

of normal size for eleven days of gestation, and pinkish in coloration. 

A runt fetus was considered to be approximately one-half the normal 

size. A dead fetus may be normal or less than the normal size but white 

in color . If the implantation site was observed as a firm clot of blood 

and tissue debris, it was referred to as a resorbed fetus. 

Each fetus was placed in a small sterile petri dish containing the 

tissue growth media (minimum essential medium (MEM), Hank ' s base forti 

fied with 10 m1 of a 10% fetal calf serum and 100 units of penicillin 

and streptomycin mixture per 100 m1 of MEM) and examined for anatomical 

features with a dissecting microscope. The examination included the 

determination of the presence or absence of a heart beat , gross anatomi

cal malformations as well as general body contour and other general 

characteristics . The fetuses were returned to the culture hood and pre

pared for direct tissue culturing. Both viable fetuses and runts were 

cultured. When possible ten fetal cultures were initiated from each 

litter. The whole fetus was finely minced in a petri dish with sterile 

forcep and scalpel. The suspension was transferred with a Pasteur pi

pette into a 15 m1 conical centrifuge tube and pipetted vigorously with 

a Pasteur pipette until a cloudy suspension was obtained . The suspen

sion was centrifuged at 800 rpm for 4 minutes after which the supernatant 

was decanted with the Pasteur pipette down to the cell button and dis

carded. Four m1 of the tissue growth media was added to each cell button 
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and resuspended with a Pasteur pipette . To the cell suspension, col

chicine was added in a final concentration of 40 ~gm per ml of tissue 

media to arrest the fetal cells in metaphase . The cell mass (button) 

was resuspended gently and incubated at 37°C for 4 hours. 

Preparation of Chromosomes 

After 4 hours of incubation, the cells were prepared for chromosome 

analysis using a modification of the technique of Moorhead, et al . (1960) . 

The suspension was centrifuged at 800 rpm for 4 minutes and then the 

supernatant was removed to 0.5 m1 with a Pasteur pipette . A 3 . 0 m1 

volume of a hypotonic solution (1:4 fetal calf serum and distilled water) 

prewarmed at 37°C was added to the remaining 0 . 5 m1 cell suspension and 

gently resuspended by pipetting and then incubated for 15 minutes at 

37°C. After incubation, the cells were resuspended with a Pasteur pi

pette and then centrifuged at 800 rpm for 5 minutes . The supernatant 

was decanted without disrupting the cell button. Again without dis

rupting the cell button, 3 m1 of freshly prepared Carnoy ' s fluid (3 : 1 

methanol : glacial acetic acid) was added and the cells allowed to fix 

at room temperature for 30 minutes. The cells were resuspended and 

centrifuged at 800 rpm for 5 minutes after which the supernatant was 

decanted and 3 m1 of freshly prepared Carnoy's fluid was added to the 

cells and resuspended , then allowed to fix for an additional 30 minutes. 

The cells were resuspended and centrifuged at 800 rpm for 5 minutes. 

The supernatant was decanted down to the cell button and the cells re

suspended in 0 . 5 m1 of freshly prepared Carnoy's fluid. Two to three 

drops of the cell suspension were placed on a pre-cleaned , pre-chilled 

slide and each slide was briefly flamed to enhance spreading. At least 
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four slides per fetal cell suspension were made and left overnight to 

dry. 

The following day, the slides were stained in a solution of 10% 

Giemsa blood stain, 4 ml of a 0.15 N ammonium hydroxide and 90 ml of 

distilled water for 10 minutes . They were destained in tertiary butyl 

alcohol, cleared in xylol and mounted with Permount (Fisher Scientific 

Company, Fair Lawn, New Jersey) . 

Analysis of Slides and Chromosome Examination 

Observations were made with a Nikon AFM model microscope with an 

automatic photomicrographic attachment . All slides were systematically 

scanned and adequate spreads of the well stained metaphase figures were 

selected at random using the low-power objective, lOx. The oil immer

sion objective (lOOx) was used for counting, examining and scoring of 

the individual chromosomes. 

When possible, a minimum of six fetuses per mother was included 

for chromosome examination and an average of 50 metaphases per fetus 

was recorded when available. Four slides per fetus were prepared and 

at least two are used to acquire the total metaphases for an individual 

fetus. All slides utilized for chromosome analysis were analyzed by 

employing a blind study technique . This was accomplished by taping a 

strip of paper over the coding of each slide so that the drug being 

analyzed could not be detected. Therefore, the chromosomal effect at

tributed to each of the drugs was revealed after the analysis of each 

slide. 

The golden hamster has a chromosome diploid number of 44. Chromo

some counts of less than 42 and more than 45 were not recorded unless 
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an aberration was observed . However , all adequately spread metaphases 

were observed until 50 suitable metaphases were obtained . 

Each chromosome was examined for such aberrations as gaps, breaks, 

fragments and structural rearrangements. Gaps were distinguished from 

breaks on the basis of displacement of the distal chromatid . A gap is 

a non-staining region in a chromatid (chromatid gap) or at the same 

level in two sister chromatids (isochromatid gap) with the alignment of 

the portion of the chromatid immediately proximal and distal to the gap . 

If the gaps were not at the same level in the two sister chromatids as 

they were in an isochromatid gap, they were scored as two separate 

chromatid gaps . A break was distinguished by the obvious nonalignment 

of the distal portion of the chromatid (chromatid break) or two sister 

chromatids (chromosome break). When it was not obvious where a break 

originated, it was termed a fragment . The fragment may be a single 

piece of chromatin termed a chromatid fragment or it may involve two 

sister non-connected pieces of chromatin, an acentric fragment . When 

the two pieces of chromatin are connected by a centromere, it is a 

centric fragment . However , they were simply scored as gaps, breaks and 

fragments and recorded collectively as chromosome aberrations. 

Chi-square tests were employed to analyze the differences between: 

(1) the number of metaphase cells with chromosome aberrations in the 

fetal cultures obtained from the control and each drug tre~ted hamster, 

(2) the number of chromosome aberrations observed in the malformed fe

tuses as compared to the anatomically normal appearing fetuses, (3) 

the number of malformed fetuses with less than fifty metaphase cells as 

compared to the number of anatomically normal appearing fetuses with 
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less than fifty metaphase cells . 

The t-test was used to analyze the difference between the average 

number of chromosome aberrations per fetus in the drug treated groups 

as compared to the average number of chromosome aberrations per fetus 

in the saline control . 

Determination of Fetal Mitotic Index 

To obtain the rate of fetal cell division, the mitotic index method 

as described by Priest (1969) was used . The mitotic index was determined 

by counting all dividing cells except those figures with 30 chromosomes 

or less and those chromosome spreads that contained more than the diploid 

number (44) that were too close to determine if they were from one cell 

or from the adjacent cell(s) . For analysis, a total of 1000 cells per 

fetus was counted using at least two slides. Approximately six fetuses 

per mother were analyzed for mitotic indices. A selected portion of each 

slide was analyzed routinely with the aid of a graduated vernier scale on 

the microscope stage . The number of dividing cells per 1000 cells per 

fetus was recorded and expr essed as a percentage. 

To test for differences in the mitotic index between the control 

and experimental groups the t-test was employed for analysis . The 

F-test was used to analyze the variation of the mitotic index within 

the litters of the control and experimental groups. 



RESULTS 

Behavioral changes were observed in the animals for approximately 

12- 15 hours following the administration of the synthetic and semi

synthetic narcotic analgesics , i.e . dihydromorphinone , diacetylmorphine 

and methadone. The first phase of behavioral alteration consisted of 

signs of excitement which lasted for a brief period of about 10-15 

minutes followed by 3-7 hours of decreased activity or sedation . The 

excitement phase was characterized by rapidly moving about in the cage 

and continuously turning in a circle , clockwise then counter-clockwise. 

Signs of depression or sedation were manifest by reclining in a cat

like position with body extended and legs folded underneath the body . 

This latter behavior is rarely observed in an untreated or control 

pregnant hamster. Often the pregnant hamsters lost control of body 

movements . They exhibited a marked degree of ataxia with legs slip

ping through the bottom of the cage and falling on one side of the 

body when attempting to walk. During quiet and immobile periods, the 

sedated hamsters assumed an outstretched position with legs hanging 

through the cage bottom. Periodically they would slowly turn clock

wise, then counter-clockwise in a circle while making intermittent 

attempts to climb the wall of the cage . There were no behavioral 

alterations observed following the administration of the diazo dye , 

trypan blue and saline (control) . 

Gross anatomical examination with a Nikon Stereo-zoom dissecting 

40 
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microscope of the 11 day fetuses showed a statistically significant 

increase in the number of malformed fetuses resulting from the ad

ministration of the semi-synthetic and synthetic narcotic analgesics 

and the diazo dye as compared to the control. The results presented 

in Table 2 indicate that the toxic effects produced during pregnancy 

by the drug injections were manifested by a high incidence of mal

formed fetuses and an increase in the incidence of fetal resorption 

with dihydromorphinone, methadone and trypan blue . A high incidence 

of fetal death was noted with the methadone and trypan blue injections . 

The fetal morphological abnormalities (Table 3) were predominant

ly those of the central nervous system and consisted of cranioschisis, 

exencephaly, and microcephaly. A relatively high incidence of exposed 

hearts was observed in fetuses from the methadone and trypan blue 

treated pregnant hamsters. The extent and range of fetal malformations 

represent only those types of malformations capable of being identified 

with a dissecting microscope. Therefore, the percentage of the ana

tomical malformations represent the minimal effects of the various 

drugs. In all probability the malformations would have been somewhat 

higher if detailed pathological studies had been performed. 

The golden hamster has a chromosome haploid number of 22 and a 

diploid number of 44. Those figures containing three or four, etc. 

times the haploid number were designated as polyploid figures and were 

rarely observed. They did not occur in the experimental groups in 

excess of those observed in the control groups. Chromosomal aberra

tions were not observed in any of the polyploid figures. Hypoploid 



Table 2. Fetal effects of the maternal administration of dihydromorphinone, 

diacetylmorphine, methadone, and trypan blue. 

No. Implantation Surviving Percent of 
Drug of sites per fetuses surviving fetuses Percent Percent 

(mg/kg) lit- litter per litter (average) resorption dead 
ters (average) (average) Normal Abnormal Runts fetuses 

Control (Saline)* 6 12 . 0 10 .8 98.5 1.5 1.4 8.3 
(4-17) (4-15) (64/65) (1/65) (1/72) (6/72) 

Dihydromorphinone 6 13.3 12.0 75.0 19.4** 5.5 10.0 
(87 .4) (10-15) (8-14) (54/72) (14/72) (4/72) (8/80) 

Diacetylmorphine 4 13 . 0 12.5 64.0 32.0** 4.0 3.8 
(240.0) (10-15) (9-14) (32/50) (16/50) (2/50) (2/52) 

Methadone 6 14.1 7.0 69.0 31.0** 20.0 30.5 
(56 . 6) (12-16) (1-15) (29/42) (13/42) (17/85) (26/85) 

Trypan blue 4 14.7 9.0 75 . 0 2s.o** 16.9 22.0 
(3 .8) (14-17) (8-10) (27/36) (9/36) (10/59) (13/59) 

*o.s ml of 0.9% Saline per pregnant hamster. 

**Chi square showed a significance at the 1 percent level. 



TABLE 3. Fetal congenital malformations induced~ dihydromorphinone, diacetylmorphine, 

methadone, and trypan blue. 

No. of 
fetuses Cranio- Exen- Micro- Exposed Multimal- Total mal-

Drug per litter schisis cephaly cephaly heart formation Other formations 
(average) (percent) (percent) (percent) (percent) (percent) (percent) (percent) 

Control (Saline)* 10.8 1.5 1.5 
(1/65) 

Dihydromorphinone 12.0 11.1 1.4 1.4 2.8 2.8 19.5 
(8/72) (1/72) (1/72) (2/72) (2/72) 6 

Diacetylmorphine 12.5 4.0 4.0 22.0 2.0 32.0 
(2/50) (2/50) (11/50) (1/50)'¥ 

Methadone 7.0 4.8 7.1 2.4 7.1 4.8 4.8 
(2/42) (3/42) (1/42) (3/42) (2/42) (2/42)x 

Trypan blue 9.0 2.8 5.5 2.8 11.1 2.8 25.0 
(1/36) (2/36) (1/36) (4/36) (1/36) 

*o.s ml of 0.9% Saline per pregnant hamster 

t:J.one fetal spina bifida, one fetal omphalocele 

'¥Abnormal body contour 

xOne fetal cranial defect, one abnormal body contour .j:-. 

w 
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figures, 42 chromosomes or less, were observed frequently in the ex

perimental as well as the control fetal cultures but are omitted from 

these data since they did not appear more frequently in the experi

mental cultures than in the control. Additionally, it is difficult to 

determine whether a cell has lost a chromosome due to technique or if 

it is truly a hypoploidy. However, hypoploid figures were included in 

the data if a chromosomal aberration was observed. 

The percentage of chromosome aberrations observed in the blind 

study of the 11-day hamster fetal cultures prepared approximately 

10-14 hours following the final administration of saline or each drug 

to the pregnant female are shown in Table 4. The chromosome aberra

tions consisted primarily of gaps and breaks, however, fragments and 

deletions were frequently observed. 

Chi square analysis of the data in Table 4 showed a significant 

increase in the proportion of metaphase cells with chromosome aberra

tions for all drugs when compared to the saline control. Dihydromor

phinone, diacetylmorphine and trypan blue produced an approximately 

2-3 fold increase in chromosome aberrations, 4.8 percent, 5 . 4 percent 

and 4.0 percent respectively, over the 1.6 percent chromosome aberra

tions observed in the control. These differences for dihydromorphi

none, diacetylmorphine and trypan blue were statistically significant 

at the 0 . 01 level of significance . Methadone produced 2.7 percent chro

mosome aberrations, which was less than a two-fold increase over the 

control, however, this was shown to be significant at the 0.05 level of 

significance. There was no significant difference in the percentage of 

malformed fetuses with chromosome aberrations when compared to the 



TABLE 4 . The blind study of the incidence of chromosomal aberrations in fetal cultures obtained from 

the control and experimental drug treated pregnant hamsters . 

Average Number of Number of Total number Percent of 
Drug dose litters fetal cultures of metaphases chromosomal 

mg/kg analyzed analyzed analyzed aberrations 

Saline 6 34 1716 1.6 (28/1716) 

Dihydromorphinone 87 . 4 6 36 1562 4.8 (75/1562)** 

Diacetylmorphine 240 . 0 4 28 1153 5 . 4 (63/1153)** 

Methadone 56 . 6 6 31 1499 2 . 7 (41/1499)* 

Trypan blue 3.8 4 24 1201 4 . 0 (48/1201)** 

*significant at the 5 percent level. 

**significant at the 1 percent level. 



percentage of anatomically normal appearing fetuses with chromosome 

aberrations . 
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There existed in those fetuses showing chromosome aberrations in 

the saline control an apparent "control" baseline number of chromosome 

aberrations per fetus . The number of chromosome aberrations per fetus 

was obtained by analyzing the number of cells with chromosome aberr a

tions in samples of approximately 50 cells undergoing metaphase from 

each fetus . This baseline level was computed to be 2.333 chromosome 

aberrations per fetus in the saline control and assumed to be of the 

same magnitude in all drug treated groups. 

Chi square analyses showed that dihydromorphinone and diacetyl

morphine significantly increased the level or average number of chromo

some aberrations per fetus but they did not significantly increase the 

proportion of fetuses with chromosome aberrations. In contrast, 

methadone and trypan blue significantly increased the proportion of 

fetuses showing this baseline level or average number of chromosome 

aberrations per fetus , but did not increase the number of chromosome 

aberrations within these fetuses. 

A comparison of the number of fetal cell cultures that produced 

less than 50 metaphase figures obtained from both control and experi

mental litters is shown in Table 5. A baseline figure of 50 readable 

metaphases per fetus was chosen as representative of the number of 

metaphases present which would give a representative or an acceptable 

assay of the mitotic activity per fetal culture . 

Slide analysis of 34 fetal cell cultures prepared from 6 control 

litters revealed 1 fetus showing less than 50 metaphases , i.e. 14 



TABLE 5. A comparison of the number of fetal cultures obtained from the control , dihydromorphinone , 

diacetylmorphine, methadone, and trypan blue treated pregnant hamsters that resulted in 

less than fifty metaphase cells. 

Number Percent of Percent of Percent of malformed Percent of normal 
Drug of malformed fetuses with less fetuses with less appearance fetuses 

fetuses fetuses than 50 metaphases than 50 metaphases with less than 
50 metaphases 

Control (Saline) 34 2 . 9 (1/34) 2.9 (1/34) 0 (0/1) 3.0 (1/33) 

Dihydromorphinone 36 33.3 (12/36) 25.0 (9/36)* 25 . 0 (3/12) 25.0 (6/24) 

Diacetylmorphine 28 50 . 0 (14/28) 28.5 (8/28)* 37 . 5 (5/14) 21.4 (3/14) 

Methadone 31 41.9 (13/31) 9.6 (3/31) 15 . 3 (2/13) 5.5 (1/18) 

Trypan blue 25 36 . 0 (9/25) 12.0 (3/25) 22 . 2 (2/9) 6.2 (1/16) 

*significant at the 5 percent level. 
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metaphase figures. This fetus is not the previously mentioned control 

malformed fetus . 

Six litters were prepared from the dihydromorphinone treated 

female hamsters for cell culturing . All fetuses in one of the litters 

exhibited metaphase figure counts of 4 or less . Two of the 6 fetuses 

analyzed in this same litter were malformed. In a second litter , there 

were 2 of 6 fetuses , 1 malformed and 1 normal , exhibiting less than 50 

metaphases, 29 and 39 metaphases respectively . In a third litter , 1 

of 6 fetuses exhibited a metaphase count of 32 . This fetus was normal 

in appearance. Therefore, 9 of the 36 fetal cultures analyzed from 

the dihydromorphinone treated hamsters exhibited 39 or less metaphase 

figures . Three of these 9 fetuses were malformed. 

Fetal cell cultures prepared from 4 diacetylmorphine treated 

pregnant hamsters also exhibited an overall decrease of metaphase 

figures below 50. In one litter of 6 fetuses examined, one malformed 

fetus exhibited 29 metaphases; in a second litter one malformed fetus 

exhibited only 6 metaphases; in a third litter a malformed fetus 

exhibited 27 metaphases , and in a fourth litter with 8 fetuses, 2 

malformed and 3 normal appearing fetuses exhibited a metaphase count 

of 19 or less. An overall summation of the diacetylmorphine treated 

female pregnant hamsters revealed that 8 of the 28 fetal cultures 

analyzed exhibited a metaphase figure count of 29 or less. Five of 

these 8 were malformed . 

There were 3 fetal cultures in 2 of 6 litters prepared from the 

methadone treated female hamsters that exhibited less than 50 meta

phases. In one litter , a normal appearing fetus among 6 fetuses 
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assayed exhibited 35 metaphase figures. In a second litter, 2 malformed 

fetuses among the 6 assayed exhibited less than 12 metaphase figures. 

A total of 31 fetal cultures were assayed and only 3 fetal cultures ex

hibited a metaphase count of 35 or less. Two of these 3 fetuses were 

malformed. 

It is interesting to note that fetuses exhibiting less than 50 

metaphase figures were found in all the types of congenital malforma

tions listed in Table 3, as well as the normal appearing fetuses . An

other interesting point is that of the 24 fetuses exhibiting less than 

SO metaphase figures, a heart beat was observed in 9 of the fetuses , 9 

fetuses exhibited no heart beat and no observation was made on the re

maining 6 fetuses. Additionally, of the total 153 fetuses analyzed a 

heart beat was observed in approximately one-half of the fetuses. This 

data would tend to indicate that many of the fetuses were alive at the 

time of culturing. However, there were fetuses in which no heart beat 

was observed but they did yield a metaphase count of 50 or more. Pres

ence or absence of heart beat was probably determined by the individual 

fetus ' response to the overdose of ether used to sacrifice the mother 

rather than whether or not the animal was alive before sacrifice. 

Chi square analyses showed there were no significant differences 

in the proportion of anatomically normal appearing fetuses showing 

less than SO metaphase cells when compared to the malformed fetuses 

showing less than 50 metaphase cells in any of the drug treated groups . 

However, dihydromorphinone and diacetylmorphine showed a significant 

difference in the number of fetuses exhibiting less than 50 metaphase 

cells compared with the saline control . In this respect, methadone 



and trypan blue showed no significant difference , although there was 

an arithmetical increase . 
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Since there was no malformed fetus in the saline control group with 

less than 50 metaphases no statistical analysis could be made to compare 

the drug treatment to control. However, the data indicate all drug 

treatment groups contained malformed fetuses with less than 50 meta

phases per cult ure . By way of contrast , this same relationship holds 

for normal appearing fetuses when the drug treated groups are compared 

to saline controls. However, chi square analysis revealed no signifi

cant difference in these relationships . In other words, a count of 

less than 50 metaphases was just as likely to occur in a normal appear

ing fetus as in a malformed fetus . 

The previously mentioned relationships give an indication as to 

the possible results of the mitotic index for each of the drugs . The 

fetal mitotic index, the rate of cell growth or pr oliferation, was de

termined by counting the number of dividing cells per 1000 cells count

ed per fetus and expressed as a percent . The fetuses from which the 

mitotic index was obtained are those fetuses on which chromosomal analy

sis was carried out . However, an additional two litters from the dia

cetylmorphine treated groups were employed for mitotic index analysis 

for which chromosomal analysis was not performed. The need of these 

two additional litters was indicated when statistical analyses were 

being carried out. 

The fetal mitotic index obtained from the saline control and each 

of the drugs is shown in Table 6. Included in the table is the average 

mitotic index obtained per litter and the range of mitotic index per 
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TABLE 6. Fetal mitotic index obtained from fetal cultures of 

control and experimental drugs 

Number of 
fetuses 

Drug analyzed Mitotic index 
per litter 

Control (Saline) 6 3.3 (195/6000) 
(2.1-4.4) 

6 2.8 (166/6000) 
(2.0-3.7) 

6 2. 4 (144/6000) 
(1.6-3.4) 

4 3.0 (120/4000) 
(1. 5-3. 8) 

6 3.3 (196/6000) 
(2 .4-5.3) 

6 2.6 (157/6000) 
(1.5-4. 0) 

Mean 2.9 (978/34,000) 
(2.4-3.3) 

Dihydromorphinone 6 0.4 (23/6000) 
(0.2-0.5) 

6 2. 9 (176/6000) 
(1.5-5.2) 

6 1. 2 (74/6000) 
(0 . 7-2.3) 

6 1. 9 (112/6000) 
(0.9-3.3) 

6 3.0 (178/6000) 
(1.6-4.8) 

6 4.1 (246/6000) 
(2.7-6.0) 

Mean 2.2 (809/36 , 000) 
(0.4-4 . 1)** 

Diacetylmorphine 6 1.4 (82/6000) 
(0.5-2.7) 

6 3.3 (199/6000) 
(2.0-4.7) 

6 0.5 (28/6000) 
(0.3-0.7) 

6 1. 3 (80/6000) 
(0.7-2.6) 
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TABLE 6. Fetal mitotic index obtained from fetal cultures of 

control and experimental drugs 

Number of 
fetuses 

Drug analyzed Mitotic index 
per litter 

Diacetylmorphine 6 1. 5 (90/6000) 
(Cont'd) (1.1-2 .1) 

6 1.1 (67 /6000) 
(0.6-1. 7) 

Mean 1.5 (546/36 , 000)* 
(0 . 5-3.3)** 

Methadone 1 2.0 (20/1000) 
(2 . 0) 

5 1.6 (81/5000) 
(0.9-2 . 4) 

6 2.4 (141/6000) 
(1. 7-2. 7) 

6 0.7 (40/6000) 
(0 . 0-1. 4) 

6 2.2 (129/6000) 
(1. 6-2. 9) 

6 1. 9 (115/6000) 
(1.4-2.3) 

Mean 1 .8 (526/30,000)* 
(0 . 7-2.4) 

Trypan blue 6 3.1 (183/6000) 
(1.4-6.0) 

6 3 . 4 (206/6000) 
(1.8-7 . 0) 

6 2.7 (161/6000) 
(0.5-5.0) 

6 2.2 (130/6000) 
(1.4-3 . 3) 

Mean 2.8 (680/24,000) 
(2.2-3.4) 

*Mitotic index decreased significantly 

**Litter variability of mitotic index increased significantly 
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fetus within the litter with a subsequent average mean of the mitotic 

index per drug. 

The mean value of the fetal mitotic index for dihydromorphinone, 

diacetylmorphine and methadone, 2.0, 1.5 and 1.8 respectively , was 

decreased as compared to the 2.9 observed in the saline control . The 

mean observed value for trypan blue 2 . 8 is approximately the same as 

the control. 

When applying the t - test analysis there was a significant decr ease 

in the fetal mitotic index found in diacetylmorphine and methadone 

litters at the 0 . 05 level of significance when compared to the saline 

control. The fetal mitotic index of dihydromorphinone litters was de

creased but not significantly from the control . 

Variations in the mitotic index were evident between the litters 

as well as between individual fetuses within each litter in both control 

and drug treated groups . In order to evaluate litter variability and 

compare this phenomenon in both control and drug treated groups , F- test 

analysis for the equality of two variances was carried out on each drug 

treated group and compared to saline control groups . The results in

dicated a significant increase in variability of the mitotic index 

within the litters of dihydromorphinone and diacetylmorphine when com

pared to saline controls . Methadone and trypan blue litters showed no 

significant difference from control values. 



DISCUSSION 

The objective of this study was to attempt to correlate drug- in

duced fetal gross anatomical malformations with fetal cellular effects , 

that is , chromosomal aberrations or mitotic index changes obtained after 

exposing pregnant hamsters to a teratogenic concentration of the semi

synthetic and synthetic narcotic analgesics and a diazo dye , trypan 

blue. The concentration of each of the drugs employed was given at a 

level to maintain survival of both mother and the fetuses, and at the 

same time , to produce an adequate teratogenic response for analysis . 

This thesis deals with the correlation of induced fetal gross 

malformations with induced fetal chromosome changes in the same fetuses . 

This in essence is the reason for the administration of each drug on 

days 8, 9 and 10 of gestation. The injection sequence was carried out 

in order to produce an adequate teratogenic response and to maintain 

any induced chromosome aberrations to day eleven of gestation, which 

was the day for chromosome preparation. On day 11, the fetal hamster 

is of sufficient size to be critically examined with a binocular dis

secting microscope for gross malformations . Additionally, the 11-day 

fetal hamster has been reported to show a high mitotic index and con

tain sufficient material for chromosome preparation (Kathryn Hansen, 

Thesis , 1971). 

The finding of teratogenicity of dihydromorphinone , diacetylmor

phine, methadone and trypan blue in the fetal golden hamster presented 

in the present investigation supports the reports by Geber and Schramm, 

1969b; Geber, 1970; Geber , 1969. In each study , the observed malforma-
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tions were limited predominantly to the central nervous system. It 

must be emphasized that only gross anatomical malformations observed 

with a binocular dissecting microscope are reported. This represents 

the minimal teratogenic manifestations of the drugs since a more de

tailed analysis was not performed. Therefore, it is conceivable that 

a teratogenic effect may have been produced in the anatomically normal 

appearing fetuses. 

Other than the previously cited studies, no additional reports 

concerning the teratogenic potential of dihydromorphinone and diacetyl-

morphine were found in the literature . Trypan blue has been shown to 

be teratogenic in several species such as the rat (Gillman et al. 1948; --
Turbow, 1966; Roux et al. 1971) mouse (Barber and Geer, 1964; Joneja 

and Ungthavorn, 1968) guinea pig (Hoar and Salem, 1961; Hoar and King, 

1967) rabbit (Ferm, 1956; Beaudoin and Ferm, 1961). The teratogenic 

effect of methadone in the fetal hamster as indicated in the present 

report does not agree with findings reported by Markham, Emerson and 

Owen (1971) where methadone hydrochloride did not produce a teratogenic 

response in rats or rabbits when administered a single oral dose in a 

concentration of 20 or 40 mg/kg. Reference to Table 1 indicates this 

range (20-40 mg/kg) would be expected to produce minimal effects in 

hamsters if the methadone is administered subcutaneously. The oral 

route is generally less effective for studying teratogenic potential 

of a compound and would therefore be expected to produce no results at 

the described dose levels . 

A statistically significant increase of chromosome aberrations was 

found in each of the drug treated groups as compared to the saline 
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control. However, when comparing the number of chromosome aberrations 

observed in the anatomically malformed fetuses with those observed in 

the anatomically normal appearing fetuses in each of the drug treated 

group, there was no significant difference. Again, as it was previous

ly stated , internal malformations may be present in the anatomically 

normal appearing fetuses . 

The increase of chromosome aberrations observed in the fetal ham

ster produced by trypan blue as presented in this thesis supports the 

finding of a chromosome aberration increase observed in fetal rats pro

duced by trypan blue (Roux et al, 1971) . 

An interesting and indeed a valid question which immediately comes 

to mind is , what is the significance or importance of the observed in

creased chromosome aberrations? This question becomes even more per

plexing since much of the literature contains data that indicate within 

hours, days, or even months following exposure to an agent, the chromo

some aberrations originally observed have returned to control levels 

(Soukup et al. 1965 and 1967; Hungerford et al. 1968 ; Ripps et al . 

1970; Kato et al . 1970; Jacobson and Berlin, 1972). 

An explanation of this phenomenon of the production or presence 

of chromosome aberrations and then their gradual disappearance at this 

point would only be speculative. However, it is an occurrence fre

quently reported which should not be overlooked or casually ignored . 

Therefore , additional discussion on this point is in order before a 

more concise conclusion can be reached. 

The eventual consequences of the presence of chromosome aberra

tions to the subject (human or animal) and its offspring cannot be 
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answered due to the lack of vital data on the fate of cells containing 

chromosome aberrations . It has been suggested that some chromosome 

aberrations may result in cell death, or at least reproductive death, 

that is inability to complete mitosis (Nowell, 1969; Moorhead et al . 

1971). If only a relatively small proportion of cell death occurs in 

the total cell population as a result of chromosome aberrations, then 

perhaps no serious consequences for either the pregnant female or its 

offspring occur. On the other hand, if the proportion of cells with 

chromosome aberrations is large, then the consequences may be serious 

in terms of the affected fetuses ' postnatal development and body 

functions . 

Probably more important are those chromosome aberrations which 

structurally and functionally alter the cell but still leave it capable 

of proliferation. The survival of such cells which have sustained 

chromosome aberrations may represent a threat to the affected subject 

as well as to future generations. 

According to much of the reported data in the literature, gaps 

and breaks are the most frequently observed chromosome aberrations , and 

in other reports they are the only ones that are observed. It can be 

initially postulated that in the mechanisn(s) which may be responsible 

for the production of gaps, these gaps may eventually become breaks . 

The occurrence of chromosome breaks may be an initial step in a pro

cess resulting in structural rearrangement of the genetic material . 

It is believed that most breaks "heal" by rejoining, resulting in 

either restitution of the original configuration, or other types of 

structural configurations as dicentrics, rings, etc. (Cohen et al. 
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1967; Hirschhorn and Cohen, 1968). 

Shaw 1970 reports that breaks must be followed by "healing" 

of the broken ends in order for the chromosomes to survive and be 

transmitted to daughter cells . If, however, breakage occurs at 

two sites, and is followed by the union of different chromosomal 

segments, then new chromosomes are formed. In this instance, some 

genetic information may either be lost, gained, or there could be a 

new arrangement of the old material with maintenance of a balanced 

genetic complement. In any case, if the newly formed chromosome 

rearrangements appear as dicentrics, rings, etc., they are easily 

observed when cells are examined for chromosome aberrations since 

they present strikingly abnormal configurations. On the other hand, 
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if the new chromosome rearrangement appears in the original or normal 

configuration, this type of chromosome aberration is usually not 

recognized unless the time consuming process of extensive karyo-

typing is performed. Even then, only major shifts in chromosome 

length or centromere position will be detected by the present cyto

logical methods. This difficulty in detecting such chromosome 

aberrations may explain why many investigators report the disappearance 

of chromosome aberrations after a period of time. 

If these new chromosome rearrangements are of an unstable type, 

they are ultimately lost in subsequent cell generations (Shaw, 1970; 

Moorhead et al., 1971) . However, if they are stable, they may produce 

serious consequences in the affected subject. Such stable types of 

chromosome aberration may be sequestered for years and may appear in 

future generations or perhaps in some biological disorder. 
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Cohen et al . (1967) reported that chromosome rearrangements pro

duced by breaks and subsequent incorrect healing result in structural 

anomalies , including balanced reciprocal translocations . Evidence 

already exists that segregation of such translocations results in 

chromosomal imbalance, leading to fetal wastage and a high percentage 

of offspring with congenital malformations and mental retardation 

(Cohen et al . 1967) . Since the carrier of such balanced transloca

tions is clinically normal , as are many of the offspring, the conse

quences of the chromosomal imbalance may not appear for several 

generations . 

In addition to chromosome aberrations , the mitotic index may 

be used as another means of indicating a drug ' s cytological effect. 

The statistically significant decrease in the mitotic index of the 

fetuses exposed to diacetylmorphine and methadone and the statisti

cally significant increase in variance of the fetal mitotic index 

of dihydromorphinone and diacetylmorphine exposed fetuses may have 

occurred due to cell death . The decrease in mitotic index as a 

result of cell death may be a manifestation of extensive chromosome 

aberrations, which further supports the idea that the death of 

damaged cells is thought to be one of the causes of the disappearance 

of chromosome aberrations . The chromosome aberration may be so 

severe that the cells die without ever entering mitosis. Epstein 

and Legator (1971), suggested that some cells may not die but are 

"damaged" such that they are made incapable of cell division, but 

survive in a post- mitotic state. 



Now the ultimate questions are (1) is there a relationship 

between induced congenital anatomical malformations and induced 

cytological effects as chromosome aberrations and/or decreased 

mitotic index, and (2) what significance, if any, does this have 

in the clinical application to humans. 

It is difficult to establish a precise relationship of 

induced chromosome aberrations with an induced malformation even 

though some reports have shown that such an association exists 

(Roux et al . 1971, Soukup et al . 1965 and 67 ; Ripps et al . 1970) . 
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A problem involved in evaluating the previously reported 

results in these references in relation to induced chromosome 

aberrations and induced malformations is that each of the reports 

involved chromosomal studies on a group of animals different from 

the group for which the teratogenic effect was determined, although 

the same species was employed . Therefore, it is difficult to 

determine what proportion or what percent of the animals showing 

chromosomal aberrations also exhibited malformations. 

However, in one report Ingalls et al. (1963) induced 

anatomical malformations (cleft palates) with a teratogen and 

performed chromosomal studies on the malformed tissue and found 

a significant increase of chromosome aberrations. This work does 

indicate a correlation between the induced anatomical malformation 

and induced chromosomal aberrations. 

In the present study, where the teratogenic effect and fetal 

chromosome studies were performed in the same group of fetuses, a 

statistically significant increase in chromosome aberrations was 
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found in each of the drug-treated groups as compared to the saline 

control. However, when comparing the chromosome aberrations observed 

in the malformed and the anatomically normal-appearing fetuses in 

each of the drug-treated groups, there was no significant difference. 

These relationships indicate that both the malformed and the anatomi

cally normal appearing fetuses may not lack malformations, but they 

were not observed with the technique employed for observation. 

It should be emphasized that the presence or absence of chromo

somal aberrations does not always indicate the presence or absence of 

genetic damage. The term "genetic damage" refers to an altered genome 

(one haploid set of chromosomes with their compliment of genes) re

gardless of mechanism producing the structure or functional abnormality 

in the organism. This abnormality, of course, may not be manifested 

until subsequent generations. 

Further generations should be examined for chromosomal aberrations 

and other structural or functional effects because a partial or per

haps even a distorted picture of the nature and degree of the effects 

produced in a single generation may be obtained. The nonviable con

ceptuses may screen out severe chromosomal abnormalities, leaving only 

minimal effects in survivors . But, on the other hand, some phenomena 

may occur only in later generations, as noted for congenital malforma

tions. 

Presently, findings would tend to suggest some type of association 

or relationship between chromosome aberrations and malformations. 

However, the data preclude making an absolute statement about the 

primary or secondary nature of any chromosome aberrations observed in 



relation to malformations . Perhaps the only acceptable statement 

which can be made at the present time is that some drugs are capable 

of inducing teratogenic effects as well as cytological aberrations , 

and that there is a partial activity overlap of chemicals for their 

teratogenicity and cytological aberration potential . 
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To make quantitative or even qualitative estimates of the 

relationship between a given dose level of an agent and the number 

and types of chromosome aberrations produced, the ultimate total 

genetic change and anatomic, biochemical, and functional aberra

tions which result will certainly be needed before any real value can 

be attached to the relationships. At the present time it is not 

possible to make any reasonable quantitative risk estimates relating 

a given dose of an agent in man to the probability of producing an 

offspring with a chromosomal aberration. To make such quantitative 

statements , and even qualitative estimates as to human risk, would 

have to be based largely on indirect evidence from in vitro systems 

and from other species . 

The problem of transposing experimental results from animals 

to humans is very difficult, due to considerable species differences, 

variation in species dosage, and differences between individual data 

from different laboratories. Therefore, all results must be criti

cally evaluated from these reference points before they can be said 

to apply to man. The fact is that although fetal deformity attribu

table to drugs is not rare in experimental animals, the rate of 

occurrence in man is unknown. 
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Some of the possible factors which complicate the task of evalua

ting drugs for potential teratogenicity in humans are the development 

of drug tolerance and accelerated elimination through accelerated 

metabolism. If a drug is given to the mother regularly too far in 

advance of the critical period for teratogenic effects, it is possible 

that tolerance will develop or metabolism will be markedly accelerated. 

Therefore, the test could fail to uncover the drug's full teratogenic 

potential. An example of this may be the thalidomide experience in 

which 80 percent of the pregnant women exposed to the drug during the 

period of fetal sensitivity delivered normal infants (Apgar, 1964). 

Probably, these women had developed some degree of tolerance and in

creased ability to detoxify the compound. 

The analysis of possible toxic, particularly genetic effects, 

of any chemical in human, may require many years of observations, and 

perhaps, several generations. For example, data on the effect of 

exposing the population of Hiroshima to radiation from the atomic bomb 

explosion are still being collected. The most recent paper of this 

study shows a statistically significant increase in late cancer cases 

among that part of the population less than ten years of age at the 

time of exposure (Jablon et al. 1971) . This observation differs from 

the impression ten years ago . 



-

SUMMARY 

1. The subcutaneous administration of dihydromorphinone, diacetylmor

phine, methadone and trypan blue produced an effective teratogenic 

response in fetal hamsters which was statistically significant at 

the 1 percent level when compared with the saline control. 

2. All experimental drugs produced a significant increase in the pro

portion of metaphase cells with chromosomal aberrations; dihydro

morphinone, diacetylmorphine, and trypan blue increases were sig

nificant at the 5 percent level and methadone was significant at 

the 1 percent level when compared with the saline control. 

3. Dihydromorphinone and diacetylmorphine significantly increased the 

number of chromosome aberrations per fetus within those fetuses 

showing chromosome aberrations when compared with the saline con

trol. Methadone and trypan blue did not increase the number of 

chromosome aberrations per fetus but significantly increased the 

proportion of fetuses with chromosome aberrations when compared 

with the saline controls. Dihydromorphinone and diacetylmorphine 

also increased the proportion of fetuses with chromosome aberra

tions, but not significantly, when compared with the saline con

trols. 

4. When comparing the proportion of anatomically normal appearing 

fetuses with and without chromosome aberrations with the mal

formed fetuses with and without chromosome aberrations, there 
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were no significant differences . The relationship indicates that 

chromosome aberrations are as likely to be present in a normal 

appearing experimental fetus as they are to be present in a mal

formed fetus . 

5 . The proportion of anatomically normal appearing fetuses with less 

than 50 metaphase cells per fetus did not differ significantly from 

the proportion of malformed fetuses with less than 50 metaphase 

cells. However, when comparing the proportion of fetuses with 

less than 50 metaphase cells from each drug, dihydromorphinone and 

diacetylmorphine significantly increased the number of fetuses 

with less than 50 metaphase cells at the 5 percent level when com

pared with the saline control . Methadone and trypan blue showed 

no significant differences. 

6. Diacetylmorphine and methadone significantly decreased the fetal 

mitotic index at the 5 percent level when compared with the saline 

controls. The mitotic index was decreased but not significantly 

in the dihydromorphinone fetuses when compared with the saline 

controls . Trypan blue had no apparent effect on the mitotic 

index. 

7. Dihydromorphinone and diacetylmorphine had a widely varying ef

fect on the fetal mitotic index between different litters which 

was statistically significant when compared with methadone, try

pan blue and the saline controls. 
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