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Two experiments were conducted to assess the effects

of paralysis and oligohydramnios on the development of

the rat fetus. Behavior was suppressed in utero by

subcutaneous injections of curare or puncture of the

amniotic membrane leading to oligohydramnios.

In Experiment 1, fetuses were treated with curare,

oligohydramnios, both, or a saline solution on days 18,

19, and 20 of gestation. On Day 21 females were

sacrificed and representative anatomical features of the

subject fetuses were measured.

In Experiment 2, fetuses were treated with curare,

oligohydramnios, both, or a saline solution on Day 18.

On Day 20 the females were surgically prepared for

observation of the fetuses, and the behavior of each



subject fetus was reported to assess long term effects of

the experimental treatments.

Although there were a number of anatomical anomalies

observed in Experiment 1, including lower body weight,

multiple congenital contractures, and skin tightness,

none of these features showed statistical significance

between experimental groups and a control group. However,

one variable, amniotic fluid volume, differed

significantly between experimental treatments and

controls. These findings provide confirmation of some of

the claims found in earlier research.

Results in Experiment 2 show a similar direction.

Although no significant anatomical differences were found,

fetuses in experimental groups presented contractures

after only one day of treatment, and body weight was

below expected for this developmental age. Behavioral

effects were evident for stretch and head movements in

the experimental groups. Overall, the activity of groups

treated with oligohydramnios, either alone or combined

with curare, was reduced as compared with controls.

The general results of this study suggest that

arresting fetal behavior at some point in development can

have lasting effects on fetal anatomy, and cause certain

birth defects.
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THE EFFECTS OF PARALYSIS AND OLIGOHYDRAMNIOS

ON MORPHOLOGICAL AND BEHAVIORAL CHARACTERISTICS OF THE

RAT FETUS IN UTERO

INTRODUCTION

Prenatal development has received increasing

attention from researchers in the last few decades. This

has resulted in the recognition of a vast number of

genetically and environmentally induced errors of

morphologic development.

Development usually follows genetic predetermined

patterns for each species, yet the processes are not

rigidly constrained; there is order without minute

precision (Poswillo, 1976). A look back in the history

of humanity shows that there have been errors of

morphogenesis recorded many times in literature,

painting, and sculpture (Warkany, 1980). Even now,

despite technological advances in biomedical research,

the complex mechanisms of birth defects in many

instances remain obscure.

Some 200,000 to 250,000 infants are born with birth

defects each year in the U.S.A. (Kretchmer, 1978), the

incidence of birth defects being 1 in 40 live births

(Poswillo, 1976). Some 1% to 2% of newborn infants have

a deformation such as altered foot position, or
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dislocation of the hip (Spranger, Benirschke, Hall, Lenz,

Lowry, Opitz, Pinsky, Schwarzacher, & Smith, 1982).

Various malformations can occur during embryonic

development. These are brought about by the action of a

multitude of agents, either by independent action or

acting in conjunction with an inherited susceptibility to

induce a malformation threshold situation (Poswillo, 1976).

Normal development depends on the correct balance of

proliferation, migration, and differentiation of cells.

Interference, by any means, with even one of these three

processes can initiate a sequence of deformation leading

to disturbances in all three and cause developmental

abnormalities at both cellular and morphological levels

(Poswillo, 1976; Spranger et al., 1982). The thalidomide

tragedy in the 1960's focused interest on exogenous,

rather than endogenous, causes of congenital malformations

(Kallen, Rahmani, & Winberg, 1984). Since then, a number

of other teratogenic agents have been identified and

associated with congenital anomalies. These include

alcohol, anticonvulsant drugs, maternal hyperthermia,

radiation, and folic acid antagonists (Berry, 1982). The

list of suspected agents is even longer and continues to

grow each year. Because of the ever increasing number

of teratogenic agents capable of inducing deformities in

the fetus, some researchers have turned from

identification of agents, to a search for mechanisms of

teratogenesis, as a more practical approach (Kretchmer,
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1978; Poswillo, 1976).

One of the teratogenic mechanisms that has received

increasing attention is the forces that compress the

fetus in the uterus, such as uterine malformation, and

the lack of amniotic fluid. These forces can produce

abnormalities of form, shape, or position of a part or

parts of the developing body (Spranger et al., 1982).

Another area of interest in prenatal research is

fetal movement in utero, and how this movement impacts

upon further development. The recognition that prenatal

movement has a vital role in behavior development has

been proposed by many authors since the times of

Hippocrates. "Prenatal behavior is an important factor

in the shaping, moulding, strengthening, and organization

of growth in neurons, muscles, and bones - the machinery

of behavior" (Hofer, 1981 p. 105). Any prolonged

interference with the possibility of the fetus to move

freely in its environment carries the probability of

producing abnormalities (DeMyer & Baird, 1969; Drachman

& Coulombre, 1962; Moessinger, 1983). Immobility in

utero can be produced by different underlying conditions:

lesions of nervous or muscular systems which paralyze the

fetus' spontaneous movements, or mechanical factors which

hinder free movement of the fetus by compression (DeMyer

& Baird, 1969; Moessinger, 1983; Moessinger, Blanc,

Marone, & Polsen, 1982; Spranger et al., 1982).

Immobilization of the fetus in utero has been
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implicated in causing a variety of specific morphological

abnormalities, such as limb anomalies - absence,

reduction,malpositioning (DeMyer & Baird, 1969; Drachman

& Coulombre, 1962; Graham, Miller, Stephan, & Smith,

1980; Miller, Graham, Higginbottom, & Smith, 1981; Roufa

& Martonosi, 1981); pulmonary hypoplasia (Bain, Smith, &

Gauld, 1964; Miller, Graham, et al., 1981; Moessinger,

1983; Perlman, Williams, & Hirsch, 1976; Symchych &

Winchester, 1978; Thomas & Smith, 1974; Vyas, Milner, &

Hopkins, 1982); short umbilical cord (Ballentyne,

Moessinger, James, & Blanc, 1978; Miller, Graham, et al.,

1981; Miller, Higginbottom, & Smith, 1981; Moessinger,

Bassi, Ballantyne, Collins, James, & Blanc, 1983); facial

anomalies (DeMyer & Baird, 1969; Moessinger et al., 1983;

Symchych & Winchester, 1978; Thomas & Smith, 1974);

multiple congenital contractures (Drachman & Coulombre,

1962; Hall & Reed, 1982; Roufa & Martonosi, 1981;

Swinyard, 1982); and intrauterine growth retardation

(Hill, Breckle, Wolfgram, & O'Brien, 1983; Jeffcoate &

Scott, 1959; Miller, Graham, et al., 1981; Moessinger,

1983; Moessinger et al., 1983; Thomas & Smith, 1974).

The development of abnormalities in man is often

observed post facto, many times only at the moment of

birth. Ethical and humanitarian issues prevent

researchers from studying the causal mechanisms of

dysmorphology in the human. However, animal models with

both spontaneous and induced defects can be investigated
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to elucidate the causal mechanisms of malformation.

These models can provide valuable information through

careful extrapolation of the findings to closely

comparable situations in man (Hall & Reed, 1982;

Moessinger et al., 1983; Poswillo, 1976). Indeed, animal

models haVe been used to study the effects of a variety

of teratogenic agents on the fetus, as they are exhibited

postnatally. Recent techniques, such as chemomyelotomy

and spinal transection, developed for the observation of

animal fetuses in utero without the need of anesthesia,

provide a powerful tool for the study of the actual

behavior of the fetus in its natural environment when

exposed to teratogenic agents (Kirby & Holtzman, 1982;

Smotherman, Woodruff, Robinson, del Real, Barron, & Riley,

1986).

Purpose

The purpose of this study is to investigate the

anatomical and morphological consequences of

immobilization of the rat fetus through neuromuscular

blockade, or compression, and to examine the patterns of

behavior exhibited by the fetus in utero when exposed to

these treatments.



6

Glossary

Ankylosis: stiffening or fixation of a joint as the

result of a disease process with fibrous and bony unions

across the joint (Illustrated Stedman's Medical

Dictionary).

Camptodactyly: permanent flexion of one or both

interfalangeal joints of one or more fingers (Illustrated

Stedman's Medical Dictionary).

Chemomyelotomy: surgical procedure by which permanent

paralysis of the lower body is produced through injection

of ethyl alcohol into the spinal cord at the thoraco-

lumbar level (Basmajian & Ranney, 1961; Smotherman,

Robinson, & Richards, 1984).

d-Tubocurarine (curare): neuromuscular relaxant used as

poison by South American indians (Humble, 1982) and

introduced into medical practice as an anesthetic in the

early 1940's. Curare reduces the responsiveness of

skeletal muscle fibers to nerve stimulation by acting as

a competitive antagonist to the neurotransmitter

acetylcholine (Ziskind & Dennis, 1978) or as an agonist

for the cholinergic receptor in rat embryos (Trautman,

1982).
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Deformation: an abnormal form, shape, or position of a

part of the body, caused by mechanical forces, which may

be extrinsic to the fetus (intrauterine constraint) or

intrinsic, such as fetal hypomobility caused by curare or

nervous system defect (Spranger et al., 1982) (see

malformation).

Etiology: study of causes of abnormal structure, form, or

function (Spranger et al., 1982) (see pathogenesis).

Intrauterine Growth Retardation (IUGR): also called small -

for- gestational age infant (or fetus), it refers to an

organism exhibiting lower body weight and size than

expected considering gestational age as well as other

variables such as uterine size, maternal weight and

height, amniotic fluid volume, etc. This concept

distinguishes premature infants from IUGR infants (Hill

et al., 1983).

Malformation: morphological defect of an organ, part of

an organ, or larger region of the body resulting from an

intrinsically abnormal developmental process. The

developmental potential of the organ is abnormal from

fertilization (Spranger et al., 1982) (see deformation).

Micrognathia: smallness of the jaw, especially of the

underjaw (Illustrated Stedman's Medical Dictionary).
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Multiple Congenital Contractures (MCC): occurrence of

fixed contractures in any joint prior to birth, in the

presence of an intact skeleton (Swinyard, 1982). Also

commonly referred to as arthrogryposis multiplex

congenita (AMC).

Oligohydramnios: pathological condition in which urinary

tract obstruction, renal dysfunction, or chronic amniotic

fluid leakage produces a severe lack of amniotic fluid

(Hill et al., 1983; Jeffcoate & Scott, 1959).

Pathogenesis: mechanisms leading to an abnormal structure,

form, or function, which can be brought about by

different etiological agents (Poswillo, 1976; Spranger

et al., 1982).

Polyhydramnios (hydramnios): pathological condition by

which an excess of amniotic fluid is present in the

amnion. It can result of digestive tract dysfunction in

the fetus, neural anomalies, fetal dwarfism, and other

causes (Jeffcoate & Scott, 1959; Wong & Filly, 1983).

Pulmonary Hypoplasia: underdevelopment of the lungs

resulting from a decreased number of cells (Spranger et

al., 1982).
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LITERATURE REVIEW

Fetal Movement In Utero

Movement of the fetus in utero begins early in many

species (Drachman & Coulombre, 1962). In humans,

spontaneous fetal movements begin before the second

missed menstrual period, proceeding in a cephalo-caudal

fashion. Initially, movements are uncoordinated, weak,

and stereotyped, involving all or several parts of the

body. Over the next two months, movements become more

integrated, stronger, and individualized (Hofer, 1981 p.

95).

Observation of human fetuses and newborns whose

movements have been restricted, and experimentation with

animal fetuses leading to a restriction in their activity

in utero have lead several authors to postulate that

fetal movement is a necessary condition for normal growth

and development (Drachman & Coulombre, 1962; Graham,

Miller, et al., 1980; Hill et al., 1983; Moessinger,

1983; Roufa & Martonosi, 1981).

Mechanisms of Immobilization

Restriction of fetal movement can be produced by
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intrinsic and extrinsic factors. Intrinsic factors

include neuropathic lesions or anomalies of the central

nervous system, and myopathic lesions, or muscular

dysfunction. Extrinsic factors include those provoked by

mechanical forces, such as an intrauterine mass,

deformation of the uterine cavity, or chronic leakage of

amniotic fluid. These phenomena result in compression or

constraint of the fetus in utero (Hall & Reed, 1982;

Swinyard, 1982).

Fetal akinesia, which is prolonged fetal

immobilization, has been suggested to act as pathogenesis

for a deformation sequence, the cause for fetal

immobility being manifold (Moessinger, 1983). Some of

the possible etiologies, as mentioned, could be intrinsic

neuromyopathies, or extrinsic restraint, either acquired

during fetal life, or inherited (Moessinger, 1983). The

medical literature reports different cases with varied

etiologies, such as neurogenic atrophy (Swinyard, 1982),

myasthenia gravis (Holmes, Driscoll, & Bradey, 1980), and

congenital myopathy (Hall & Reed, 1982). The phenotypes

of the fetuses or newborns reported are very similar,

suggesting that the anomalies may depend more on the

extent of the immobility and the time of onset, than on

its etiology (Mease, Yeatman, Pettett, & Merenstein,

1976; Moessinger, 1983).
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Fetal Abnormalities Associated with Paralysis

Neuromyopathies can be produced by viruses (rubella),

bacterias (tetanus), drugs (alcohol, curare), other

agents, and be genetically inherited (Hall & Reed, 1982;

Swinyard, 1982). Any of these etiological factors may

lead to muscle weakness or limb immobilization

(Swinyard, 1982). Nyoneuropathic factors such as

meningomyelocele, which is a protrusion of the membranes

and spinal cord through a defect in the vertebral column

(Illustrated Stedman's Medical Dictionary), may lead to

lower limb paralysis of the fetus and thus to club feet

(Spranger et al., 1982). It has been reported that

mothers with myasthenia gravis, a functional impairment

of motor end plates (Swinyard, 1982), myotonic dystrophy,

or multiple sclerosis, can give birth to infants showing

varying degrees of hypotonia, multiple congenital

contractures, and respiratory insufficiency (Hall & Reed,

1982).

Rigorous, controlled experimentation with

neuromuscular relaxants has not been attempted with

human fetuses for obvious reasons; however, case study

reports do appear in the medical literature. Jago (1970)

reported a case where a mother with tetanus was treated

with curare early in pregnancy. She gave birth to an

infant with multiple congenital contractures. Researchers

using animal models have used toxins, viruses, drugs,
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hyperthermia, and other teratogenic agents to induce

similar results to those encountered in the medical

literature (Hall & Reed, 1982). Several authors

(Drachman & Coulombre, 1962; Moessinger, 1983; Roufa &

Martonosi, 1981)have experimented with curare, a

neuromuscular relaxant which simulates myasthenia gravis,

obtaining fetuses with anomalies comparable to those

reported in infants of mothers with neuromyopathies.

The anomalies that result from human pathologies and

the experimentally induced defects in animals comprise

facial anomalies, multiple congenital contractures,

short umbilical cord, pulmonary hypoplasia, and

intrauterine growth retardation.

1) Facial anomalies:

Pena & Shokeir (1974) and Punnett, Kistenmacher,

Valdes-Dapena, & Ellison (1974) described a syndrome of

ankyloses, pulmonary hypoplasia and facial anomalies in

the human infant, that suggested an autosomal recessive

inheritance pattern, since no ascertainable environmental

agent could be found. Some of the facial abnormalities

described include low-set ears, hypertelorism, or

abnormal distance between the eyes, epicanthic folds,

that is folds in the palpebronasalis region, small

mandible, and depressed tip of the nose. Moessinger

(1983) presented an animal model for this syndrome, by

producing paralysis in rat fetuses through a subcutaneous
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injection of curare. Several of the typical

characteristics of the Pena & Shokeir syndrome were

present in the rat fetuses. Although no precise

measurements were taken, the author reported a different

appearance for the face, especially smaller mandible in

treated fetuses, as compared to controls.

Drachman & Coulombre (1962) used curare to produce

paralysis in chick embryos, but did not find other

teratologic malformations apart from arthrogryposis

multiplex congenita. Roufa & Martonosi (1981) report

similar findings, with no mention of facial abnormalities

in the chicks.

2) Multiple congenital contractures:

MCC was first described over one hundred years ago,

although it had been depicted in art work for centuries

(e.g., Ribera's painting "La Pied Bot"). Stern, in 1923,

used the term "arthrogryposis" to refer to this condition.

The name has been in common use since. However, Swinyard

(1982) considers that it does not reflect the basic

nature of the problem, since the term arthrogryposis

implies that the contractures are in flexion, whereas

they are frequently found in extension. Today the

accepted name for the condition is multiple congenital

contractures (MCC). Several other names have been given

to this anomaly, such as amyoplasia congenita,

pterygoarthromyodysplasia, arthrogryposis multiplex

congenita, and dysplasia-myo-osteo-articularis (Swinyard,
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1982). One of the most commonly found joint contractures

is clubfoot, also called talipes, varus, or equinovarus

(Poswillo, 1976).

It is suspected that anything causing decreased

movement or loss of limb mobility in the developing fetus

can lead to contractures of joints (Hall & Reed, 1982).

A number of causal mechanisms have been postulated:

muscle aplasia or hypoplasia, abnormality in muscle

function (myopathy), abnormality in nerve function

(neuropathy), connective tissue disturbance, fetal

compression, and amniotic bands. However, few specific

etiologic agents have been recognized in humans (Hall &

Reed, 1982; Swinyard, 1982). It does not appear that

hereditary or sporadic MCC occurs in the absence of

muscle weakness or mechanical restriction of muscle

movement. The contractures are a terciary event,

following neuropathy or myopathy, which can, in turn,

be produced by a variety of primary etiological agents,

such as toxic chemicals, viral infections, neuromuscular

blocking agents, or altered fetal environmental factors

(Swinyard, 1982). Only in the last 20 years have

studies attempted to define some environmental and

teratogenic agents associated with congenital contracture

of the joints (Hall & Reed, 1982).

Drachman & Coulombre (1962) produced MCC in chick

embryos by curarization. They found severe contractures

of the limbs, and although not tabulated, they also
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reported many examples of immobile wings and neck-joints.

Higher concentrations of curare and more prolonged

infusions resulted in more widespread and severe joint

involvement. Similar findings were reported by Roufa &

Martonosi (1981), adding that the wet weight of leg and

pectoralis muscles in curarized chicks was smaller than

in controls. The effects of curare were evident several

days after treatment has ceased, as indicated by muscle

paralysis and difficulties of the chicks to hatch

normally. Moessinger's (1983) study with rat fetuses

also produced MCC involving all four extremities, spine

and tail, after being curarized late in gestation through

subcutaneous injections.

Regarding case studies in humans, a woman treated in

the 28th week of gestation with curarene to control

status epilepticus, resulted sixteen hours later in a

delivery of a 920 g fetus, totally curarized, but with no

MCC, suggesting that the period of intrauterine

immobilization was not long enough to produce limb

fixation (Older & Harris, 1968).

Maternal alcohol consumption has been shown to

produce abnormal patterns of growth and morphogenesis in

the human fetus, mainly craniofacial, limb, heart,

genitalia, and central nervous system anomalies (Clarren,

Ellsworth, Sumi, Streissguth, & Smith, 1978). Hall &

Reed (1982) reported an infant born to a chronic alcoholic

mother, showing multiple congenital contractures. Human
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newborns may have been anesthetized prenatally due to

high maternal alcohol intake, causing among other results

a limitation of joint movement in the fetus. The lack of

movement produces improper development of joint cartilage

and muscle tendons (Hofer, 1981 p. 189), which in turn

results in joint anomalies, often seen in fetal alcohol

syndrome (Hall & Reed, 1982). Smotherman et al. (1986)

found that rat fetuses showed suppression of movement

four hours after a single maternal intubation with

ethanol, suggesting that many of the phenotypes

characteristic of fetal alcohol syndrome may be mediated

in part through fetal inactivity induced by alcohol

exposure in utero.

3) Intrauterine growth retardation:

Intrauterine growth retardation (IUGR) is one of the

features in the Pena & Shokeir syndrome in humans, and it

was also found to be present by reduced body weight in

rat fetuses paralyzed with curare for three days during

gestation (Moessinger, 1983). Roufa & Martonosi (1981)

also reported a smaller weight of leg and pectoralis

muscles in curare-injected chick embryos by reduction of

muscle mass, without major changes in the ultrastructure

of the muscle.
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4) Umbilical cord length:

As suggested by Moessinger's article (1981): "Short

cords, long cords... who cares," the umbilical cord

length of the human newborn has not been given much

attention until lately. There is a wide variation in the

length of the human umbilical cord, ranging from 22 cm to

130 cm; over 85% of the cords measure between 40 cm and

80 cm. The rate of cord growth decreases after the 28th

to 30th week of gestation (Miller, Graham, et al., 1981;

Moessinger et al., 1982).

Moessinger et al. (1982) have proposed that the

length of the umbilical cord is important for the

recognition of developmental anomalies. A short cord

could be indicative of decreased fetal activity, or

reduced intrauterine space, while a long cord may

indicate increased intrauterine space. These authors

produced paralysis by daily subcutaneous injections of

d-Tubocurarine in rat fetuses for three days late in

gestation. They reported that paralyzed fetuses had a

mean cord length representing only 85% of sham-operated

controls. In Pena & Shokeir syndrome, the findings of

polyhydramnios (large intrauterine space available for

fetal movement) and short umbilical cord in human

infants, suggests decreased fetal movement due to

intrinsic factors (Moessinger, 1983).
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5) Pulmonary hypoplasia:

Pulmonary hypoplasia has emerged as a relatively

frequent cause of respiratory distress at birth. The

major cause of death for 9.2% of all infants dying of

respiratory distress syndrome is pulmonary hypoplasia

(Blackburn, Bastin, Cooley, & McCloud, 1980). Low DNA

content in the lungs confirms hypoplasia, although it is

also suggested by low wet weight and organ/body weight

ratio (Moessinger, 1983). The pathogenesis of hypoplasia

remains unclear.

In Moessinger's study (1983) pulmonary hypoplasia

was noted at term in the rat fetuses, by lower wet lung

weight (67%) and lower lung/body ratio (84%) as compared

to controls, and was further confirmed by lower total

lung DNA content (84%).

The Amniotic Fluid

The amniotic fluid contained in the amnion is a

watery liquid with a composition similar to that of the

fetal extracellular fluid found during the first half of

pregnancy (Hill et al., 1983). The functions of the

amniotic fluid are both metabolic, at least early in

pregnancy, and mechanical, as protective cushion and

shock absorber for the fetus (DeMyer & Baird, 1969;

Miller, Graham, et al., 1981). Its origins are in the

amnion and fetal ectoderm in the first stages, and
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afterwards fetal urine becomes a major source of amniotic

fluid with the lungs playing a minor role in its

production (Hill et al., 1983; Jeffcoate & Scott, 1959;

Thomas & Smith, 1974). Amniotic fluid is removed along

two pathways: the amnion and the fetal alimentary tract,

with a possible role for lungs and skin (Jeffcoate &

Scott, 1959; Thomas & Smith, 1974).

Late in pregnancy, amniotic fluid volume is

controlled by fetal swallowing and voiding. Pathological

variations of polyhydramnios, that is, excess fluid, and

oligohydramnios, or reduced fluid, are determined by

change in the efficiency of the mechanisms for production

and disposal, or the loss of amniotic fluid through

amnion rupture (Jeffcoate & Scott, 1959; Miller, Graham,

et al., 1981; Thomas & Smith, 1974).

Oligohydramnios

The report of decreased amniotic fluid volume is a

rare one, perhaps because it tended to pass unnoticed

(Jeffcoate & Smith, 1959). Oligohydramnios is now easily

detectable ultrasonically. Hill et al. (1983) studying

an obstetric population of 1,408 patients with routine

ultrasound, found only six cases (0.43%) that satisfied

their strict criterion of absence of a pocket of amniotic

fluid 1 cm or more in greatest diameter. However, when
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using subjective decrease in amniotic fluid volume as a

marker, the disease process was detected by these authors

in a slightly larger population and at a less severe

stage.

In the first half of pregnancy, reduced amniotic

fluid almost inevitably causes abortion because

accumulation of fluid is essential to stimulate uterine

growth. Such growth is required to accomodate the fetus

(Jeffcoate & Scott, 1959). At 5 weeks' gestational age,

96% of the intra-amniotic volume is fluid (Miller, Graham,

et al., 1981). Depending on the time of onset of

oligohydramnios and its severity, it has been associated

with neonatal death and a variety of deformations due to

uterine fetal constraint and pulmonary hypoplasia

(Poswillo, 1966; Spranger et al., 1982; Thomas & Smith,

1974).

Mechanisms of Production of Oligohydramnios

The etiology of oligohydramnios is heterogeneous.

It can be a consequence of renal agenesis, urinary tract

obstruction, or chronic leakage of amniotic fluid

(Spranger et al., 1982). Renal agenesis and urinary

tract obstruction cause oligohydramnios by deficient or

null production and voiding of fetal urine into the

amniotic cavity (Jeffcoate & Scott, 1959; Spranger et al.
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1982; Vyas et al., 1982).

Another mechanism causing this pathogenetic event is

chronic leakage of amniotic fluid. Premature rupture of

the membrane has been consistently observed in cases of

oligohydramnios, when no renal or urinary tract failure

could be found in the newborn, even at postmortem

examination (Bain et al., 1964; Miller, Graham, et al.,

1981; Perlman et al., 1976; Thomas & Smith, 1974).

Studies in animals have produced experimental

oligohydramnios by puncture of the amnion at different

states of gestation (Ballentyne et al., 1978; DeMyer &

Baird, 1969; Moessinger et al., 1982; Poswillo, 1966;

Symchych & Winchester, 1978). Subsequent observations

of the fetuses showed an array of deformations,

strikingly similar to those seen in human newborns where

oligohydramnios was suspected or known to exist.

Fetal Abnormalities Associated with Oligohydramnios

Oligohydramnios is associated with a variety of

deformations produced by compression of the fetus in

utero (Spranger et al., 1982; Thomas & Smith, 1974). It

has also been observed in conjunction with pulmonary

hypoplasia (Bain et al., 1964; Gordon & Helms, 1982;

Mease et al., 1976; Moessinger et al., 1983; Perlman et

al., 1976; Symchych & Winchester, 1978; Thomas & Smith,
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1974; Vyas et al., 1982), a short umbilical cord (Herva &

Karkinen-Jaaskelainen, 1984; Miller et al., 1981;

Moessinger et al., 1982), and intrauterine growth

retardation (DeMyer & Baird, 1969; Hill et al., 1983;

Jeffcoate & Scott, 1959; Miller et al., 1981; Moessinger,

1983; Moessinger et al., 1983; Perlman et al., 1976;

Symchych & Winchester, 1978; Thomas & Smith, 1974).

1) Facial anomalies:

Potter, in 1946, described a characteristic facial

appearance in babies with renal nonfunction (Potter's

syndrome) including flattened ears in a low and slanting

position on the head, flattened nose, and abnormal

epicanthic fold. She attributed these and other

abnormalities directly to the condition of renal

nonfunction (Potter, 1974) arising from autosomal

recessive inheritance (Pena & Shokeir, 1974). Several

other authors have observed the Potter face in babies

affected by oligohydramnios but with no renal dysfunction,

suggesting an alternative hypothesis. Bain, Smith, &

Gauld (1964) investigated 20 perinatal deaths, finding

abnormal facial appearance together with epicanthic

folds, clubfoot, short toes in some cases, and possible

pulmonary hypoplasia as the cause of death in at least

five of the 12 live-born infants. Kidneys and urinary

tract were normal in all cases, as were the chromosome

analyses. Definite deficiency in amniotic fluid was
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mentioned in eight cases, probable deficiency could be

inferred in four, with no data on the rest. However,

antepartum leakage was revealed by closer scrutiny in 16

cases, and in three other cases there was a history of

continuous loss of blood. The authors drew attention to

the possibility of misinterpretation of diagnosis based

on these morphological features: two of the cases

presented had been clinically diagnosed as renal agenesis

although necropsy found no kidney or urinary tract

abnormality. They proposed that in prolonged leakage

of amniotic fluid, compression of the fetus may occur,

producing variable features in the infant depending on

the duration and extention of the leakage.

Poswillo (1966) studied the effects of puncture of

the amniotic sac prior to palate closure in the rat

fetus (day 15.5 of gestation), observing as a result a

variety of cleft palate, mandible and limb anomalies,

very similar to the abnormalities seen in humans. The

author showed evidence of craniocaudal compression in a

range of degrees, finding that the tongue of the rat

fetus was wedged between the palatal shelves, preventing

its closure. He found minor anomalies of shape in the

nasal cavities, and some degree of micronathia and

mandibular growth retardation. Wrinkling of the skin in

the head and body was severe. All these deformations and

dysplasias resemble the Pierre Robin syndrome - cleft
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palate, micrognathia, and glossoptosis, a downward

displacement of the tongue - which has been classified

as an intrauterine moulding defect. The lack of amniotic

fluid restricts fetal movement, especially the extension

of the cervical spine, the chin is compressed against the

chest, and the mechanical obstruction by the tongue

produces cleft palate (Poswillo, 1966). This mechanism

of pathogenesis has been suggested for both man and

animals (Hofer, 1981 p. 95).

Other researchers experimenting with oligohydramnios

(DeMyer & Baird, 1969) produced cleft palate in rat

fetuses on day 15.5 of gestation. Amnion rupture prior

to that day resulted in 100 percent mortality. Similar

findings were obtained by Symchych & Winchester (1978)

also in rat fetuses. Amniotic fluid drainage on day 16

produced 81 percent fetuses with cleft palate, while

rupture on day 17 resulted in no cleft palate. The

palate of the rat fetus does not close until day 16.5

(DeMyer & Baird, 1969).

Oligohydramnios has been proposed in the

pathogenesis of the nonrenal features of Potter's

syndrome by Thomas & Smith (1974), regardless of the

etiology of oligohydramnios. Facial deformations would

be secondary to fetal compression. Miller et al. (1981)

support this hypothesis of intrauterine compression,

proposing the term "amnion rupture sequence" to describe
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the overall pattern of abnormalities produced, including

craniofacial clefting seen in cases of limb/body wall

deficiency.

2) Multiple congenital contractures:

Oligohydramnios or chronic leakage of amniotic fluid

has been associated with multiple congenital contractures

(MCC) resulting in birth of infants with clubfoot,

camptodactyly, and scoliosis, or lateral curvature of the

spine, among other contractures (Bain et al., 1964;

Perlman et al., 1976; Poswillo, 1976; Thomas & Smith,

1974).

Experimental studies of oligohydramnios using rat

fetuses (Poswillo, 1966) produced deformities of the

limbs together with cleft palate and micrognathia. The

degree of limb deformity ranged from clubfoot to

intrauterine amputations and phocomelia (shortened limbs).

It was suggested that clubfoot resulted from postural

moulding, although both faulty genes and an unfavorable

fetal environment (oligohydramnios) may interact to

produce the environmental mechanical factors that are

involved in the establishment of this deformity (Poswillo,

1966).

3) Limb deficiency:

Associated with the problem of MCC, and often

appearing together, is limb deficiency, consisting of

absent (amelia) or shortened (phocomelia) limbs, and
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absent or shortened fingers, with a variety of minor

deformations such as absent toenails, hypoplasia of

thumbs, etc. (Kallen et al., 1984).

The mechanisms of pathogenesis of these limb

anomalies have been postulated to be intrauterine

immobility due to oligohydramnios (DeMyer & Baird,

1969); compression (Graham et al., 1980); and

hypervolemia and hypoxia due to fetal hypertension

(Poswillo & Sopher, 1971). The two major theories

of pathogenesis at this moment are rupture of the

amnion, and defect of the germinal disk at a very early

stage, leading to a defective body stalk and amnion

(Herva & Karkinen-Jaaskelainen, 1984). The suggestion

of early amnion rupture to explain limb deficiency by

compression is not new: Hippocrates and Aristotle

spoke of pressure as a cause of monstrosities.

However, the interest in genetic, chemical and microbial

teratogens has overshadowed compression as another

pathogenetic mechanism of congenital defects (Miller

et al., 1981).

Symchych & Winchester (1978) produced experimental

oligohydramnios in rat fetuses on day 16, finding

subsequently at term limb anomalies in 35% of the treated

fetuses, mainly partial syndactyly and resorption of

digits.
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4) Intrauterine growth retardation:

Jeffcoate & Scott (1959) found that oligohydramnios

retards fetal growth, regardless of its cause. This

fetal growth retardation is seen only late in pregnancy

and has been reported in association with oligohydramnios

by several investigators. Perlman et al. (1976) studied

pulmonary hypoplasia and oligohydramnios, and presented

three cases where birth weight at term or near term was

between 1720 g and 1800 g. Prenatal growth defficiency

indicated by birth weight of less than 2 sd for

gestational age, was observed by Miller, Graham, et al.

(1981) in 15 of the 16 cases of limb/body wall deficiency

secondary to intrauterine compression they reported, and

for which data was available.

Intrauterine growth retardation is difficult to

diagnose in utero: uterine size, maternal body fluid,

fetal position, placental location, and amniotic fluid

volume must be taken into account, as well as gestational

age (Hill et al., 1983). However, oligohydramnios is an

accepted marker of IUGR and can be easily detected by

ultrasound. A routine ultrasound examination performed

on obstetric patients on the second or early third

trimester of pregnancy, provided Hill et al. (1983) with

over 1,400 subjects. Only six cases of oligohydramnios

were identified following a strict criterion. Of those,

five infants were growth retarded. The authors proposed
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to assess the obstetric population with a less stringent

definition of oligohydramnios, regardless of gestational

age, as a screening procedure in IUGR.

Further support of the hypothesis of oligohydramnios

as a pathogenetic factor in IUGR has come from

experimental studies of oligohydramnios in rat fetuses.

Among other anomalies produced, experimental rupture of

the membranes resulted in smaller newborn rats compared

with normal controls (DeMyer & Baird, 1969; Moessinger et

al., 1983; Symchych & Winchester, 1978).

5) Umbilical cord length:

DeMyer & Baird (1969) first noted short umbilical

cord in experimental rat fetuses subjected to

oligohydramnios, but no measurements were given.

Moessinger et al. (1982) studied the umbilical cord

length as an index of fetal activity in rat fetuses.

Production of oligohydramnios by transuterine puncture

of the fetal membranes on days 15, 16, or 17 of gestation

resulted in significantly shorter cords in proportion

to the time of onset of oligohydramnios (65%, 71%, and

78% of littermate controls). Another experiment by

these authors allowed the fetuses to move freely in the

maternal abdominal cavity, with the placenta secured to

the uterus. Experimental rat fetuses in the extrauterine

pregnancy had cords measuring 147% of littermate controls.

These results support the contention that umbilical cord
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length is influenced by tensile forces and depends on

fetal motor activity and space available for movement.

The authors also explain the normal decrease in cord

length rate in late gestation since the fetus occupies

more of the intrauterine space, making it difficult for

the fetus to move the trunk freely and tense the

umbilical cord.

In human infants, Miller, Graham, et al. (1981)

analyzed 27 cases of limb/body wall deficiency secondary

to intrauterine compression. Data on the length of the

umbilical cord was available for 14 cases and each was

significantly shorter than average (60 cm).

6) Pulmonary hypoplasia:

The investigation by Bain et al. (1964) of 20

perinatal deaths associated with prolonged amniotic

fluid leakage revealed that the majority of the live-

born infants had respiratory difficulty, with suspected

pulmonary hypoplasia, although it was not possible to

confirm histologically. Since then, several authors

have observed that pulmonary hypoplasia and

oligohydramnios are often seen in conjunction (Miller et

al., 1981; Perlman et al., 1976; Thomas & Smith, 1974;

Vyas et al., 1982).

Experiments with rat fetuses have resulted in

pulmonary hypoplasia secondary to oligohydramnios

(Moessinger et al., 1983; Symchych & Winchester, 1978).
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Moessinger et al. (1983) produced an animal model of the

human condition of pulmonary hypoplasia by amniocentesis

on day 15 of gestation in rats. Lung weight and lung/

body weight ratio was significantly lower in treated

fetuses than in controls. Pulmonary hypoplasia was

further confirmed by measurement of total DNA content

and lung DNA/g fetal weight. The authors speculate that

prenatal prediction of pulmonary hypoplasia at birth,

following prenatal rupture of the membranes, could be

done by evaluating sonographically the existence of fluid

in the amniotic cavity.

The issue of oligohydramnios being associated with

pulmonary hypoplasia is also relevant for the now common

procedure of amniocentesis in pregnant women. Although

midtrimester amniocentesis has been considered to be a

safe procedure that does not significantly increase fetal

loss or risk (The National Institute of Child Health and

Human Development NICHD, National Registry for

Amniocentesis Study Group, 1976), factors like a large

needle and a larger number of needle insertions during

the tap could be associated with an increased incidence

of fetal loss. Also, it has been noted that

amniocentesis reduces fetal breathing movements for up to

48 hours after the procedure (Manning et al., 1977).

Vyas et al. (1982) found significantly decreased crying

vital capacity in infants after amniocentesis during
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pregnancy. It was suggested that reduction of amniotic

fluid volume may cause peripheral lung units to collapse

leading to failure of normal growth.

Observation of Behavior In Utero

The fetal behavior of rats in utero has been studied

by externalizing the uterine horns through a midline

laparatomy, and observing the fetuses through the thin

uterine wall (Angulo & Gonzalez, 1932; Narayanan,

Narayanan, & Browne, 1982). However, this procedure can

obstruct a clear view of the fetuses because of the

uterine wall, and it can also bias observation of

spontaneous behavior due to the effects of the general

anesthesia utilized (Smotherman, Robinson, & Richards,

1984).

It is possible to observe spontaneous behavior of

animal fetuses in utero by blocking or severing the

spinal cord of the pregnant female. This procedure

circumvents the use of general anesthesia, which would

depress fetal movement (Smotherman, Robinson, & Richards,

1984). The procedure of chemomyelotomy developed by

Basmajian & Ranney (1961) eliminates afferent stimuli

from the lower body and produces permanent paralysis

by injection of ethyl alcohol into the spinal cord at

the thoracic-lumbar level. After chemomyelotomy, the
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female is partially immersed in an isotonic saline

solution which simulates the intrauterine environment.

The fetuses can then be delivered from the uterine horns

into the bath for clearer observation (Smotherman,

Robinson, & Richards, 1984; Smotherman et al., 1984).

This procedure has been utilized by Smotherman,

Robinson, & Richards (1984) to observe fetal rat behavior

at different gestational ages (Days 17, 18, 19, and 20),

Smotherman & Robinson (1984) to assess adjustments of rat

fetuses to novel, familiar, aversive, and conditioned

stimuli presented in utero, and by Smotherman et al.

(1984) to assess the effects of acute and chronic

intubation of ethanol to pregnant rats on spontaneous

fetal behavior four hours later.
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METHOD

The objectives of this study were two. The first

was to assess anatomical and morphological changes in the

rat fetus when exposed to curare, oligohydramnios, or a

combination of these two treatments. The second was to

investigate the patterns of behavior exhibited by the rat

fetus in utero, when exposed to these experimental

treatments. Two independent experiments were designed to

investigate these topics.

Subjects

Adult female Sprague-Dawley rats (Simonsen

Laboratories, Gilroy, CA)were time-mated with Long-Evans

males to produce subject fetuses for the two experiments.

Females were maintained under constant room temperature

(22°C), regulated light cycle (12/12 hr light/dark), and

continuous access to food and water. Females were housed

in polycarbonate cages (32.7 x 37.8 x 9.5 cm) in groups

of three per cage. Vaginal smears were taken daily over

the four days of breeding, to identify the first day of

gestation. The first sperm-bearing smear was designated

Day 0 of pregnancy.
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Design

Four experimental groups were established. Fetuses

in Groups 1 and 2 received subcutaneous injections of

d-Tubocurarine to induce temporary paralysis of the rat

fetuses (Moessinger et al., 1982; Moessinger, 1983) at

specific times during gestation. The dose utilized was

2 mg/kg in .05 ml of isotonic saline. The dosage of

curare to inject was calculated in advance using a fetal

weight chart determined for this strain of rat fetuses

(W. P. Smotherman's laboratory, unpublished data). The

amniotic sac of Group 3 fetuses was punctured with a

gauge #20 needle. Fetuses in Group 4 received .05 ml

subcutaneous injections of a saline solution (Figure 1).

The four treatment groups had the following

particular characteristics:

Group 1: Fetuses were paralyzed with d-Tubocurarine

(curare) using a transplacental approach with a gauge

#30 needle in order to prevent amniotic fluid leakage.

This group was designed to examine the effects of

paralysis on the fetus.

Group 2: Fetuses selected for this group were

treated with curare using a gauge #30 needle via the

transmembraneous route, and the amniotic sac was

punctured with a gauge #20 needle. The procedure was

considered satisfactory when withdrawal of the needle was
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followed by continuous escape of amniotic fluid. The

purpose of this group was to examine the combined

influence of fetal paralysis and oligohydramnios.

Group 3: The amniotic sac of the fetuses was

punctured with a gauge #20 needle in order to produce a

continuous leakage of amniotic fluid, which indicated a

successful procedure. The objective for this group was

to assess the effects of oligohydramnios on the rat fetus.

Group 4: Fetuses received a subcutaneous saline

injection using a transplacental approach with a gauge

#30 needle, to prevent leakage of amniotic fluid. This

was the littermate control group.

Group 0: Fetuses were manipulated but not injected.

For Experiment 2, this was the littermate control group

(Figure 2).

General Procedures

On the day(s) established for treatment, the

pregnant rats were subjected to a midline laparatomy

under ether anesthesia. The uterine horns were exposed,

the fetuses in each horn were counted and their site and

number recorded on a drawing of the uterus for subsequent

identification. The subject fetuses were injected with

d-Tubocurarine or saline, the abdomen of the female was

sutured and the skin closed with stainless steel wound
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clips, and the animals were allowed to recover.

Specific Procedures

Experiment 1: Twelve females were used to provide

96 fetuses to be distributed in the four experimental

groups. Two fetuses per mother, one from each uterine

horn, were randomly selected for each one of the four

experimental groups. On days 18, 19, and 20 of gestation

the subject fetuses were exposed to the treatment

procedures as outlined above.

Experiment 2: Twenty four pregnant female rats

provided two subject fetuses each for observational

study in utero. The design was such that two different

experimental groups were represented within each litter.

Thus, six groups of four mothers each were created,

representing all the possible combinations of two

different treatments per mother, counterbalancing order

of observation and uterine horn position in order to

avoid systematic bias. For example, four females

contained fetuses from Groups 1 and 2; in two of these

females, Group 1 fetuses were in the left horn, and in

the other two females they were in the right horn. The

fetuses that received treatment were the ones closest

to the ovary in each uterine horn. The third fetus in

that horn received the same treatment as the first, to
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serve as an alternative subject. On day 18 of gestation,

the pregnant rats and subject fetuses were subjected to

the treatment procedure, as outlined in the General

Procedure section.

A modification of the injection procedure was used

in Experiment 2. Fetuses in Group 1 (curare) and 4

(saline) were injected directly through the uterine wall

without implicating the placenta, and the site of the

puncture was sealed with petroleum jelly to avoid leakage

of amniotic fluid.

Data Collection

Experiment 1: At term (the morning of Day 21), the

pregnant females were sacrificed and the fetuses

delivered by cesarean section to collect the data on all

fetuses.

The following measurements were taken:

a) Amniotic fluid volume: The amniotic sac was

punctured, the amniotic fluid was drained into a petri

dish, and measured to the nearest .01 ml with a

tuberculine syringe. The fluid drained is not only

amniotic in origin, but it also contains a small amount

of exocoele fluid, which is fluid contained in the

portion of the coelom external to the embryo, bordered

by chorionic mesoderm and the mesoderm of the amnion and
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yolk sac (Adolph, 1967).

2) Umbilical cord length: Constant tension was

applied to the cord by pulling horizontally on the

placental end until the fetus slid on the bottom of a

petri dish. Umbilical cord length was measured from the

placental plate to the abdominal wall to the nearest

0.5 mm, using fine calipers.

3) Body weight: Fetuses were weighed on an analytic

balance, and wet body weight was measured to the nearest

.001 g.

4) Placental weight: The placenta was weighed on an

analytic balance to the nearest .001 g (wet weight),

including fetal membranes but excluding umbilical cord.

5) Degree of morphological abnormalities: The

presence of somatic deformations was rated by an observer

who was blind to the treatment conditions of the subjects

observed. The three rated categories included (a) facial

anomalies (micrognathia, flattened nose, short mandible,

and other abnormalities; (b) skin anomalies (redundant

folds, tight, transparent skin, wrinkling); and (c)

multiple congenital contractures (forelegs, hindlegs,

neck, spinal cord, and tail). Each category was rated on

a nominal scale of 0 to 2, representing no anomaly (0),

slight (1), and pronounced anomaly (2).

6) Sex: The sex of each subject fetus was determined

by visual inspection of ano-genital distance. In the rat,
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the ano-genital distance of the male is approximately

2.0 to 2.5 times greater than this distance in the female.

7) Lung weight: Fetuses were sacrificed and

dissected on ice to determine wet lung weight to the

nearest .001 g (Olds & Olds, 1979).

Experiment 2: On Day 20 of gestation, the 24

pregnant females selected were prepared for the

observational study of the fetuses.

Since observation of spontaneous behavior of the

fetuses in utero could be hindered by the use of general

anesthesia administered to the mother, a chemomyelotomy

was performed by injecting ethyl alcohol into the spinal

cord of the female at the thoraco-lumbar level (Basmajian

& Ranney, 1961; Narayanan, Narayanan, & Browne, 1982;

Smotherman, Robinson, & Richards, 1984). Each female

was placed in a glass dessicator jar suffused with ethyl

ether until fully anesthetized. Ethyl ether is a

general anesthetic of short action, which is not

metabolized, and leaves the body through the respiratory

system with the same composition as it entered (Wilson,

Gisvold, & Doerge, 1977), having transient effects on

the fetuses. These effects disappear only 15-20 min

after withdrawal of the ether (Kirby, 1979).

The female was laid on a surgical board and a

portion of her back and lower abdomen was shaved with
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clippers. A small longitudinal incision (1 cm) was made

through the skin to expose the dorsal musculature in the

T12-L1 level of the spine. A 25 ga. hypodermic needle

was inserted between the two vertebrae, the tip being

driven laterally and nearly perpendicular to the spine,

and 0.1 ml of 100% ethyl alcohol (ethanol) was injected

into the vertebral foramen. The chemomyelotomy procedure

produced an irreversible spinal paralysis posterior to

the site of injection, thereby eliminating afferent

stimuli from the lower body. A successful preparation

was indicated by an immediate extension of the hindlegs

followed by several minutes of hyperventilation. The

dorsal incision was closed with stainless steel wound

clips.

Following the chemomyelotomy, a midline laparatomy

was performed to expose the uterus. The female was

secured in a plexiglass holding apparatus and her

hindquarters and abdomen were immersed at a 45 degree

angle in a temperature-controlled water bath (37.500)

containing an isotonic saline solution (Locke's

solution: Galigher & Kozloff, 1971). Both uterine horns

were externalized through the abdominal incision and

remained completely submerged in the solution. Wound

clips were used to partially close the incision around

the uterus to keep the intestines ir. place. The mother

and fetuses were then allowed to recover from the ether
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anesthesia and acclimate to the water bath for 20-30 min

before the first behavioral observation.

At the beginning of the first observational period,

the fetus nearest the ovary in one uterine horn was

delivered, preserving the integrity of the placental-

uterine attachment and the amniotic sac, and was allowed

to float freely in the water bath. In the event of

rupture of the amniotic membrane of the first fetus, or

disattachment of the placenta from the uterine wall, the

alternative treated fetus in the same horn was delivered

and observed. An observer, blind to the treatment

conditions, watched the spontaneous behavior of the

subject fetus for 10 minutes. The observer called the

events to a second person who entered the data on a

microcomputer adapted for use as an event recorder,

which maintained a continuous sequential record of

observed behavior. The computer also recorded elapsed

time during the observation, and following the

observation it provided a print-out of the frequency of

the different behavioral events. After the first

observation, the second subject fetus was delivered

from the other uterine horn, and observed for a second

period of 10 minutes, following the same procedure.

Seven categories of fetal behavior and two derived

categories were distinguished. The basic categories

were defined independently to reflect single head, leg,
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or whole body movement, thereby allowing several

simultaneous events to be recorded. More than one single

behavior occurring simulteneously was recorded as a

complex activity (Smotherman, Robinson, & Richards,

1984). The seven basic categories were defined as

follows:

1) Head: Any discernable movement of the head,

whether dorsal-vental, lateral, or rotary, relative to

the body.

2) Mouth: An opening and closing of the mouth, or

a movement of the tongue while the mouth is open.

3) Forelegs: Any flexor or extensor movement of one

or both forelegs originating at the shoulder, elbow,

wrist, or digits.

4) Hindlegs: Any flexor or extensor movement of one

or both hindlegs, originating at or distal to the pelvis,

or a movement of the entire pelvic region without

twisting or bending the spine.

5) Twitch: A momentary, spasmodic movement along

the flank of the body.

6) Curl: A body movement involving a lateral flexion

or torsion of the spine. Curls were distinguished from

hindleg movements in causing the posterior end of the

body to move to one side of the median sagittal plane.

7) Stretch: A body movement involving an extension

of the spine, causing the back to straighten or curve
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slightly and the pelvic region to extend above the

horizontal plane of the body.

The two derived categories of fetal behavior

reflected overall activity of the subject fetus, and were

defined as follows:

1) Whole Activity: The total number of times a fetus

was recorded as active, regardless of whether it

performed single or complex behavioral patterns (two or

more single behavioral events occurring simulteneously),

in a 10-min observational period. Each complex event,

involving several simultaneous actions, was scored as a

single bout of activity.

2) Component Activity: Total number of behavioral

movements, scoring single events and each simultaneous

action in complex activities separately, in a 10-min

observational period.

The activity of the mother during the observation

period was also recorded in a separate category - Mother

Active including any movement of the upper body or

forelegs of the restrained female that caused

movement of the uterus and fetuses under observation.

The recording of the seven categories of fetal

behavior and maternal activity during the observation

period resulted in a complete sequential record of

behavioral events during the 10 min session. The

condition of each subject fetus and the placental-
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uterine attachment was monitored and subjectively rated

at the beginning and end of the observational period.

After the observation of the two subject fetuses,

the female was sacrificed and the two treated fetuses on

each horn were delivered for anatomical and morphological

analyses. The two non-injected fetuses in the second

position in each horn (between the treated fetuses) were

also taken for analyses as littermate controls.

Using the same data collection procedures as in

Experiment 1, the following measurements were taken:

amniotic fluid volume, umbilical cord length, body weight,

and placental weight. The placenta was weighed with

umbilical cord and membranes, in order to allow for

comparison with normative data available for fetuses of

this age (Day 20) and strain (W. P. Smotherman,

unpublished data). The fetuses were also rated by an

observer blind to the treatment condition, as to the

presence or absence of multiple congenital contractures,

facial, or skin anomalies.

Data Analysis

Standard descriptive statistics were calculated for

the variables in both Experiment 1 and Experiment 2.

Since fetuses of multiple offspring cannot be

treated as single individuals or independent observations
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(Abbey & Howard, 1973), in order to avoid confounding

results, an average was taken of the anatomical values

for the fetuses that received the same treatment in a

given female. These means were then expressed as a

percentage of the saline control group (Experiment 1), or

non-injected fetuses (Experiment 2). Therefore, no more

than one data point from a given female was assigned in

any one treatment group.

For Experiment 1, a one-way analysis of variance on

the percentage data was used to test for significant

differences among the three experimental conditions

(curare, curare and oligohydramnios, and oligohydramnios).

A Chi-square test was used for the data obtained through

the scale of morphological anomalies, to test if there

was treatment effect on facial characteristics, skin

development, and joint position, in both Experiment 1

and Experiment 2.

In Experiment 2, the design did not provide saline

controls in each litter. Therefore, the non-injected

fetuses were used as the best available controls within

the litter. The percentages of the non-injected fetuses

were subjected to a one-way analysis of variance to test

for significant differences among the treatment groups

(curare, curare and oligohydramnios, oligohydramnios,

and saline solution).

Examination of the first litters in Experiment 1
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showed that several fetuses were dead, or severely

damaged and deteriorated. In view of this observation,

a rating system was developed to assess the general

condition of the fetuses, regardless of morphological

anomalies. Fetuses were assigned to one of two

categories: intact or damaged. The first category

included fetuses that seemed normal, and in good general

condition to the rater. The second category comprised

fetuses presenting hematomas, broken skin, decomposition,

or in state or reabsorption. A Chi-square test was used

to determine if there were significant differences

between the injected and non-injected groups.

A one-way analysis of variance was used on the

behavioral data to test for significant differences among

the four treatment conditions.

In all tests, an alpha level of p = .05 was used to

judge statistical significance.
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RESULTS

This study was designed to assess the outcome of

experimental treatments to produce paralysis through

curare, immobilization through oligohydramnios, and a

combination of these treatments. Experiment 1 analyzed

anatomical and morphological effects of the treatments on

the development of the rat fetus. Experiment 2 analyzed

the behavioral patterns exhibited by the rat fetuses in

utero, two days after exposure to the treatments.

Experiment 1

Comparisons of percentage values (experimental

mean/saline control mean) showed that there was an

overall effect across treatment conditions on amniotic

fluid volume F(2,31) = 6.93; p .01. Group 1 fetuses

(curare) presented volumes of amniotic fluid significantly

larger than Group 2 (curare and oligohydramnios) t(31) =

3.62; p .001, or Group 3 (oligohydramnios) t(31) = 2.58;

p .015.

There were no significant differences among treatment

groups for the other anatomical variables: umbilical cord

length, body weight, placental weight, and lungs weight.

Table 1 shows the mean values, SEM, number of litters
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Table 1. Anatomical Data Experiment 1.
Mean values, SEM, litters sampled, and percentage of
saline control of the
(term) of gestation of

Variable

four
the

treatment groups,
rat fetuses.

Group Mean SEM

at Day

n

21

% of
Group 4

Amniotic fluid volume (ml) 1 .09 .015 12 115.5
2 .02 .008 12 16.8*

3 .06 .023 11 43.6**
4 .11 .030 12

Umbilical cord length (mm) 1 30.1 .800 12 112.1
2 26.1 1.220 12 98.0

3 26.1 1.171 12 97.6
4 26.9 1.538 12

Body weight (g) 1 3.588 .162 12 104.8
2 3.447 .114 12 100.2

3 3.338 .149 12 95.8
4 3.475 .157 12

Placental weight (g) 1 .580 .029 12 91.3
2 .566 .034 12 89.9
3 .582 .032 12 89.8
4 .664 .050 12

Lungs weight (g) 1 .081 .006 11 100.3
2 .077 .005 12 95.8

3 .085 .007 12 103.6
4 .082 .006 12

P .01
p .05
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sampled, and mean percentage of saline controls for the

three experimental treatments.

No significant differences were found between

treatment groups with respect to skin, facial form, or

multiple congenital contractures. However, when compared

to non-injected fetuses, all four groups showed

significantly more skin anomalies X2(1) = 7.07; p .01.

Significant differences were obtained between the

injected and non-injected fetuses with regard to their

general condition. Injected fetuses appeared damaged

compared with non-injected fetuses X2(1) = 6.29; p .025.

Experiment 2

Anatomical and morphological measurements of the

fetuses showed no significant differences among the four

treatment groups (Table 2).

Fetal behavior was affected by treatment condition

in two specific categories of movement (Figure 3):

Stretch F(3,44) = 4.63; p .01, and Head F(3,44) = 2.90;

p .05. The frequency of stretching movements was

significantly reduced with respect to saline controls in

Group 2 (curare and oligohydramnios) t(44) = 2.84;

p .01, and in Group 3 (oligohydramnioz) t(44) = 3.12;

p .01. Groups 2 and 3 were also significantly lower in

this category than Group 1 (curare) t(44) = 2.0; p=.05
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Table 2. Anatomical Data
size,
Experiment 2.

and percentage

Group Mean SEM

of

n

control

% of
control

Mean values, SEM, sample
for 20-day-old rat fetuses.

Variable

Amniotic fluid volume (ml) 1 .03 .015 12 23.4
2 .11 .035 12 66.0
3 .04 .014 12 13.6
4 .05 .030 12 13.6
0 .23 .022 24

Umbilical cord length (mm) 1 25.5 .868 12 102.2
2 25.8 1.020 12 96.1
3 26.2 .887 12 104.0
4 26.3 .727 12 99.3
0 26.0 .517 12

Body weight (g) 1 3.791 .142 12 95.5
2 3.521 .232 12 97.0
3 3.714 .244 12 97.0
4 4.076 .192 12 96.8
0 3.939 .132 12

Placental weight (g) 1 .700 .028 12 97.9
2 .702 .033 12 96.3
3 .713 .039 12 98.0
4 .801 .029 12 102.4
5 .744 .024 12
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and t(44) = 2.3; p=.02, respectively.

Head movements were significantly decreased in the

oligohydramnios treatment (Group 3) with respect to

saline controls -t(44) = 2.91; p .01. No main effects of

treatment were evident for frequency of the other basic

categories of behavior: curl, forelimbs, hindlimbs,

twitch, and mouth. The two derived measures of general

activity - whole activity and compact activity - did not

reach statistical significance.
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DISCUSSION AND CONCLUSIONS

For Experiment 1, the results of the anatomical

measurements showed statistically significant differences

only for the amniotic fluid volume, where Group 1 (curare)

presented larger volume of amniotic fluid than Groups 2

(curare and oligohydramnios) and 3 (oligohydramnios).

This finding is in the same direction as previous

studies. Moessinger et al. (1982) produced paralysis in

the rat fetus with curare, and a combination of paralysis

and oligohydramnios by fetal puncture from Day 18 of

gestation to term. These authors reported lower levels

of amniotic fluid in both groups, as compared to saline

controls. However, they also reported polyhydramnios at

term in curarized fetuses, amniotic fluid amounting to

more than twice the level of the saline controls.

Although some evidence was found in Experiment 1 of

higher levels of amniotic fluid in curarized fetuses

(Group 1) compared to saline controls (115.5%), it was

not to the extent reported by Moessinger and his

collaborators. The amount of amniotic fluid of Group

4 (saline control) was within normal levels when compared

to normative data for this age and strain (Table 3).

The variation observed in amniotic fluid volume

could be due to the fact that there are drastic changes
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late in gestation in the viscosity and volume of amniotic

fluid in the rat fetus. Between 20 days 18 hours of

gestation and 21 days 0 hours, the fluid becomes

mucilaginous and scarce (Marsh, King, & Becker, 1963).

High viscosity makes the collection of amniotic fluid

more difficult; furthermore, the gestational age of the

rat fetuses at the time of data collection could be

different by as much as several hours for the various

litters. This difference in time could account for part

of the variation observed in amniotic fluid volume.

No other significant differences were obtained in

the other variables: umbilical cord length, body weight,

placental weight, and lungs weight (Table 1). Previous

experiments, basically similar to this one (Moessinger,

1983; Moessinger et al., 1982) reported significantly

shorter cords in fetuses curarized from Day 18 to term.

Table 1 shows that, compared to saline controls,

curarized fetuses in this study had a tendency towards

longer cords (112.1%). It is noteworthy that in all four

treatments the mean body weight at term was dramatically

lower as compared to the normative data (Tables 1 & 3).

The mean weight of the saline control group was

equivalent to normal body weight of fetuses at Day 19.5

of gestation. The placental weight shows a similar

reduction. These findings would suggest that the

surgical procedure, injections, and/or manipulations
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during three consecutive days produced a general arrest

in growth. However, in Experiment 2, body weight was

also affected with only one surgical intervention and

treatment of the fetuses, even in saline controls and

non-injected subjects, which showed an average weight

under the expected for Day 20 (Tables 2 & 3).

Although the rating of morphological anomalies

(skin, facial features, and joint contractures) showed

no significant differences among groups, it should be

noted that this was due to the fact that some fetuses

in the control group exhibited joint contractures and

other anomalies. It is stressed that the raters in this

experiment were blind to the experimental condition of

the subjects, a fact which is not reported in the

experiments done by Moessinger and collaborators (1982;

1983).

The trend of the findings suggests that among the

experimental groups, the combination of curare and

oligohydramnios produced MCC with more frequency than the

other treatments (13/23). Some of the injected fetuses

were damaged, presenting a purple body, tight, thin

skin that easily broke when manipulated, and in a few

cases partial decomposition. This finding was unexpected

even more so because the fetuses appeared normal when

observed through the uterine wall at the time of

treatment on Day 20 in Experiment 1. These results
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prompted the changes for Experiment 2 regarding the

procedure for injecting the fetuses.

Results from Experiment 2 produced no statistical

differences among treatments in any of the anatomical

measurements. As explained in the Methods section,

the procedure of injection was changed, therefore

reducing stress and manipulation of the fetuses.

Furthermore, the design of the second experiment included

only one surgical intervention on Day 18, as compared to

three consecutive surgeries on Days 18, 19, and 20 for

the fetuses in Experiment 1. Another difference between

the experiments was the fact that there was a reduced

number of fetuses per litter that received treatment in

Experiment 2. All these considerations lead to

anticipate less dramatic results in Experiment 2, as was

the case. Only two fetuses in the total sample,

including injected and non-injected controls (n = 144)

were rated as damaged, as compared to an average of 16

percent in the twelve litters used for Experiment 1.

Regarding morphological measurements, there were no

significant differences in the second experiment,

although it should be mentioned that the direction of

the anomalies encountered was as expected. Of the total

of 72 fetuses in Groups 1, 2, and 3, nine presented

multiple congenital contractures (Figure 4), as compared

to only one fetus among the 24 saline controls.
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Table 3. Normative Data. Amniotic fluid volume (AF),
umbilical cord length (UC), body weight (Body), and
placental weight (Placenta) of rat fetuses on days 18,
19, 20, and 21 of gestation (W. P. Smotherman, unpublished
data).

AF
(ml)

UC
(mm)

Body
(g)

Placenta
(g)

Day 18: Mean .53 21.0 1.664 .561

SEM .008 .29 .015 .014

Day 19: Mean .51 25.3 2.705 .641
SEM .010 .43 .037 .011

Day 20: Mean .19 27.5 4.447 .702
SEM .015 .51 .005 .014

Day 21: Mean .10 32.1 6.061 .763
.025 .63 .090 .018
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Figure 4. Term Fetus Presenting MCC. Note hindlimbs

crossed in an abnormal position, tail fixed in extension.
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Experiment 2 was designed to investigate the effects

of the treatment conditions - paralysis and

oligohydramnios - on the behavior of the fetuses in

utero. A temperature-controlled water bath containing

Locke's solution simulated the uterine environment. The

two basic behaviors significantly affected by the

treatments were stretch movements and head movements

in Groups 2 and 3 (oligohydramnios and curare, and

oligohydramnios).

Earlier data on fetal behavior in the simulated

intrauterine environment (Smotherman, Robinson, &

Richards, 1984) showed that stretch movements appear

on Day 20 of gestation. The present finding, added to

the results of lower ody weight, would further suggest

that there might have been a general delay in

development of the rat fetuses, not only physically

but also behaviorally. Another possible explanation

for these results would be that the fetuses in Groups 2

and 3 were compressed in the amniotic sac for three

days, adopting a fixed posture of the trunk, and unable

to move. The prolonged fixation of the body might have

been responsible for the suppression of stretching

movements. The reduction of head movements in the

oligohydramnios condition (Group 3) relative to saline,

could also be related to the fixation of the trunk and

neck due to compression, and therefore an inability of
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the musculature involved to function.

Although the treatments did not produce dramatic

changes in anatomical measurements as compared to non-

injected controls, and there were no significant

differences among groups in morphological changes, it

is interesting to note that there was a lasting effect

behaviorally.

Prenatally there might be no evidence of

morphological damage because of exposure to

oligohydramnios during gestation; however, there might

be differences postnatally, which could be behaviorally

mediated. Differences in behavior due to oligohydramnios

could exist even if the treatment is transitory, in the

sense that the puncture could be naturally closed and

production of amniotic fluid could resume. Moessinger

et al. (1982) showed that there is a certain amount of

recovery from the oligohydramnios treatment, and although

the levels dropped to near zero after puncture on Day 15

in their study, four days later the average of the

treated group had reproduced some of the fluid lost.

Recommendations for Future Research

The aim of this study was to find predictors,

through an animal model, to assess when a fetus is at

risk. Some researchers have focused on anatomical and
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Figure 5. Day 20 Rat Fetus in Water Bath. Representative

photograph of a fetus exhibiting mouth and foreleg

movements.
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morphological measurements such as amniotic fluid volume

and umbilical cord length, to predict when the rat fetus

is at danger in utero (Miller, Higginbottom, & Smith,

1982; Moessinger, 1983; Symchych & Winchester, 1978).

This study adds another variable that could be considered

as a predictor of risk: behavior of the fetus in utero.

Not only overall behavior might be affected by some

teratogenic agent or mechanism, but specific behaviors

could suffer in relation to the gestational age of the

fetus. If this were true, there would appear as a

necessity to have more detailed studies of the development

of behavior in utero, including specific patterns at

different gestational ages. The new technique employed

in Experiment 2 for the observation of rat fetuses in

the simulated intrauterine environment is a step forward

to attain this goal, which could be further expanded.

Technological advances such as ultrasonography,

could make possible to undertake this type of normative

study in humans. As there are normative studies of

postnatal behavior in newborns and infants, an attempt

could be made at developing norms for prenatal behavior.

This study obtained information regarding treatment

at a certain age in the development of the rat fetus, and

measurements and observation of the effects at term or

near term. It would be necessary to manipulate the

fetuses at different times in development, and observe
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the behavior exhibited at different ages posterior to the

treatment. Intervention at a certain age could produce

an effect in the behavior of the fetus not immediately

evident, but observable at a later stage of development.

Although observations on Day 15 show that spontaneous

movement at that age is not frequent (Smotherman,

Robinson, & Richards, 1984), treatment of the fetuses

at that gestational age might produce an effect in the

behavior exhibited at a later developmental age.

In view of the mortality and damage observed in the

fetuses that underwent three days of surgery and treatment

in Experiment 1, further research could independently

investigate the effects of surgery, exposure to general

anesthesia, and manipulation of the fetuses, on their

physical and behavioral development.

In conclusion, this study suggests that paralysis

by curare and immobilization by oligohydramnios could

produce an arrest of fetal behavior in the rat fetus,

which would in turn have lasting consequences on fetal

anatomy and cause certain birth defects.
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