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the objective of this research was to etudy the effects,

if any, of acute hypoglycenia on skeletal developnent in rat

enbryos. Hypoglycepia was produced by two nethods; fasting

and fasting plus protanine zinc ineulin injections.

Groups of pregnant Holtzman rats were fasted for forty-

eight houre at varying tine intervale during early gestation.

the nost critical period for fasting uas deternined to be

days nine to eleven postcoital, the najor effect being re-

tardation of ossification. However, anonalies such as 6uper-

numerary ribs and duplicated vertebral centra yere also ob-

served sore often than usual.

The experinent involving fasting plus ineulin in-

jections resulted in variatione in ossification rate sinilar

to those with fasting alone, but there wae an increased

frequency of duplicated vertebral centra and supernuperarJr

ribs.
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Runner (fg5g) etudied the effects of acute hypoglycepia

on tsice enbr¡ros. He concluded that hypoglycenia produced ite

effects on the enbryo by interrupting the tricarboxylic acid

cycle thereby depleting aYailable Bubstrate. Runner Proposed

that the nornal funetioning of the tricarboxylic acid cycle

uas critical for the fornation of precartilaginouÊ¡ tseÊenchyneo

The objective of this research uas to etudy the effecte

of acute hypoglycenia on the skeletal developnent of rat eEbrJros.

Hypoglycenia was produced by two nethods. A single 48 hour period

of fasting ra6 inposed on pregnant rats, for varying tinee during

early geÊtation. 1o produce Bore severe hypoglycenia, protanine

zinc insulin was adninietered to fasting pregnant aninals.

Runner (fgSg) observed that sone drug6 which stressed

carbohJrdrate netabolisn, produced an additive effect when adnin-

istered during a fasting etate in nice. In this researcht insulin

was adninistered during fasting to deternine if an additive effect

occurs in rats.

Although it is unlikety that pregnant woBen would fast

thenselves for approrinately three neeks, it is poesible that

nauaea occuming during tbe first two months of pregnancy nay

result in a depletion of carbohydrate stores. This effect nay

aecentuate the teratogenicity of a drug taken during this tine

period while the sonan is unarare of her pre$nancf,r
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Effect of Fasting on Enbryos

Runner and Miller (1956) studied the effects of fasting

on embryonic mice. They observed that during days eight and

nine post coitum the enbryos yere nost vulnerable to the effects

of fasting. Anomalies such as nalformed vertebral centra¡ supêr-

numerary ribs and exencephaly were observed. Alnost conplete

protection yas afforded to the enbryos by administering small

quantities of carbohydrate or amino acid during the fasting

period.

In 1959, Runner studied the types of nutrients that

would proteet the enbryonic nice during a twenty-four hour fast

on daye eight and níne. The nutrients nere glucoset ketone bod-

ies and amino acids such as nethionine and glutanie acidt all of

which provide substrates for the tricarboxylíc acid cycle (ÎCA).

the effect of fasting would be to slow dosn the TCA cycle by

depleting the amount of available substrate. Runner also admin-

istered TCA cycle blocking agents such as insulinr x-nethyl

folic acid and iodoacetate, all of which produced anomalies sim-

ilar to those produced by fasting. Runner suggested that nornal

carbohydrate metabolism is crítical for morphogenesis of the

neural tube and for differentiation of precartilaginoüs ñt€õêtt-

chyme.

Runner (fgO¿) postulated that a decrease in energy pro-

duction by the TCA cyclet due to lack of available substratet

affects either the rate of protein synthesis or cell membrane



perneabilitY.

an organizer

Such action on the cell could alter the affect of

or inductor, thus producÍng an abnormal condition'

Effect of Fasting on PregnancY

McCIure (fgSg) fasted pregnant nice for a forty-eight

hour period, fron the fourth to the sixth day poet coitun, duríng

which tine inplantation oGCnrso Âs a result of this treatment

McGlure observed conplete enbryonic nortality. Starvation for a

forty-eight hour period later in gestation caused ferer deaths'

By feeding only starch and sucrose in place of the regular food

during the forty-eight hour periodst he ras able to naintain a

larger nunber of pregnanciesr This effect ras nst obtained vhen

egg vhite raÊ used Ín lieu of starch and sucroae. This suggested

that the carbohydrate fraction of food nay be the critical elenent

during this period of pre$nancfr A hístological study of mice

uteri, faeted fron two to four days by Mcclure (tg0l a) t ehoved

an initial haenorrhage and necrosig of the decidua resulting in

the eecondary death of the enbryos. thie was followed by a

leukocytic invasion ¡rith Liquifaction and absorption of the debris'

ldcClure found that periods of at least eeventy-tso hours

uere necessarJr to produce cotsparable results in rats but shorter

periods of fasting did reduçe the littering rate (McCIure 196l b) '

there are tro najor hypotheses concerning the etiology

of haenoghaging of the decidua' One is that the stress of fast-

ing stinulates hypersecretion of corticosterone. Robson and
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sharaf (1952) and lr{acfarlane et al (rgsz) produced enbryonic

nortality in rats by adninistering large doses of ACTH and

cortisone. However, Meclure (1961 b) using adrenalectonized

rats showed that the adrenal cortex ras not involved to any

great extent vith enbryonic nortality. Nornal rats and adrenar-

ectonized rate fasted for the eane tine period showed conpar-

able degrees of embryonic nortality.

The alternate hypothesis coneerne a failure in gonado-

trophie function of the adenohypophysis. Ponerantz and. Mullinos

(1939) and l{erner (1g¡g) produced pseudohypophysectony by star-

vation. rn 1949, Rinaldini obeerved a decrease of gonadotrophin

content in the pituitary upon chronic inanition. McCIure (f96I b)

fasted pregnant mice for a forty-eight hour period from the third

to the fifth day. By adninistering snall amounts of either pro-

gesterone or chorÍonic gonadotrophín, he ras able to naintain the

pregnancies for two days longer (before the aninals aborted).

Mcclure suggests that by using the right nethod and dose of these

hornones, pregnancy could be uraintained to full term. One

poesible explanation of this phenonenon is the effect of hypogly-

cenia on the nervouÊ¡ systen. Mcllrrain (fg5g) states that hypo-

glycenia õO percent to 37.5 percent below nornal levels is

sufficient to cause changes in electrical conductivity in the

central nervous systen. Puskarev (f964) noted that in cate

hypoglycenia dísturbed the function of ganglionic structures

and presynaptic endings. It is possible tbat this effect on

6
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the central nervous system maJr inhibit the gonadotrophin releas-

ing factors from the adenohypophysis.

McClure concludes, for mice at least, that enrbryonic

nortality produced by short term fasting is caused by a depressed

hypophyseal function.

The Effect of Fasting on Metabolisn

Wood et al ( fg6O) showed that gluconeogenesis is acceler-

ated during fasting and endogenous lipid stores replace exogenous

carbohydrate as the major source of fuel for TCA cycle.

In a study by Buchanan and co-workers (fgOg) insulin

levels ¡rere shor*n to decrease during starvation, thus removing

part of the block on gluconeogenesis provided by high insulin

levels and allowing the animal to maintain a relatively constant

blood glucose level.

Effect of Fasting on Blood Sugar in Mice

McClure (fg6Z) reported that, by removing the food from

pregnant nice for a forty-eight hour period, the btood glucose

level dropped to one-half of the frnornaltr value within four hours

and re¡nained at that level until the food was returned to the

animals. With feeding resu¡ned, the blood sugar level rapidly

rose to normal values for that time of pregnancf,r
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Exogenous fnsulin in Rats

Lichtenstein et al (fgSf) adninietered subcutaneously,

seyen to eight units of protanine zinc insulin daily to pregnant

albino rats throughout their pregnancies. this treatnent pro-

duced very large nortality rates anong the nothers, varying fron

l5 percent to 75 pereent at different tines during the experinent.

Observations nade on the fetuses of surviving nothers, showed sigr-,

nif,icant differences fron the non-treated control group in the

fsllowing paraBeters: lower weight, Bore resorptione, decrease

or absence of ossifieation centres of the sternun, and irregu-

Iarities in shape of ribe and long bones.

Drogenous Insulin in Micg

l{cClure (f962) injected pregnant albino nice with varying

dosee of protanine zinc insulin fron the first to the fifth day

of pregnancy and reported a eignificant decrease in the littering
rate.

Snithberg et al (1956) injected pregnant albino mice

intraperitonealty sith protanine zinc insulin (o.r unit) at eight

and one-half days post coitun. they noted abnsrnalities such

as exeDcephalyr unbilical hernia, and fusion of rÍbs in the treat-
ed aninals. Sixty-three percent of the treated aninals had oae

or Ëore of these conditions vhile only five percent of the con-

trol aninals yere affeeted.

I
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Exoßenous Ineulin in Chickene

Landaurer (1948) injected insulin into the yolk sac of

chick enbryos and produced rumplessneÉE¡ and abnornalities sf the

beak, eyeÉ and extrenities.

Duraiesani (f95O) produced skeletal defects in chichens

by inJecting crystalline insulin Ínto fertilized eggs fron the

firet to the sixth days. He obeerved that the grouth rate of

the enbrJro raÉ retarded in direct proportion to the dose of in-

sulin adninistered.

Ineulin and Preßnancy in Hunans

Insulin cona therapy ie uÉ¡ed to treat hunan emotional die-

turbances sueh as schizophrenia. Uickes (1954) reported several

cases of pregnant yonen yho received insulin cona therapy during

the first ten weeke of pregnanc¡rr resulting in nanJr Êevere fetal

ualfornations, for eraaple, skull defornities, mental defeets

and optic atrophy. Sobel (1960) reported that out of a total of

17 ineulin cona therapy treated nothers, there resulted a 35.3

percent frequeney of fetal danage siailar to that observed by

Uickes (f954). This conpares unfavorably to the control group

of 2O2 women, in whieh the frequency of fetal daaage was only

geven percenü. Sobe1 also reported that fetal nalformations trere

observed when the notherõ rere treated

of pregnancJr, which is a longer period

reported by ldickee (tg5¿).

to the fourteenth ueek

susceptibiLity than

up

of
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It is not known whether the nalfornations caused by in-

sulin cuna therapy were due to hypoglycenia, anoxia, or insulin

itself. At the present time, there is no definite evidence in

the lÍterature that a pharnaeological doee of insulinr uÊed for

eranple in the treatnent of diabetes nellitust is teratogenic in

hunans.

Placental lranenission of_Insulin

In 1932¡ E.L. Corey exanined placental perneability of

insulin in albino rats, using nethods crude by todayrs standarde.

IIe proposed that in the latter third of gestationr the placenta

is highly perneable to insulin from nother to fetus. Horuever,

recent work, deseribed in the next two paragraphst has proven

Coreyre early observations to be in êPDor¡

Goodner and Freinkel (rgor) injeeted r13t taberled bovine

insulin into pregnant albino rats, by using eingle injeetions and

constant infusion techniques. They found that little or none

of the labelled insulin crossed the plaeenta into the fetal cir-

culation. They also noted intraplacental sequestration of in-

sulin.

Clark et al (f968) working with albino ratst neaËured in-

nunoreactive insulin levels in nother and fetus nhile injeeting

varying doses of insulin into the naternal circulation. the

coneÊponding rise in naternal insulin wae not observable in the

fetus. this nsuld seen to be substantial proof that exogenous



ineulin does not cros6 the placenta fron nother to fetue.

Glycogen stores in the rat enbryo during early geetation

are knorn to be linited. therefore anJr decrease in ¡¡aternal blood

glucose would rapidly affect the fetus. Since the placental

bamier prevents any direct influenee of naternal ínsulin on the

fetus, maternal hypoglycenia night produce enbryonic defeets by

this indirect nethod, Goodner et aI (tg6g).

Intrau$rine Dgvelopnent of the Rat

Early developnent of the rat (days ?-f3) wilt be outlined,

according to Witschi (fgOZ), (see figure l), to ehow stages of

gestation when treatnents were ¡lerforned in this study. During

days 7 to I inplantation occurs and the prinitive streak becones

prouinent. Fron days 9 to ll, the neural tube begins rapid de-

velopnent. By day ll sonites l-25 (lorer thoracic) have appeared

and the arn and leg bude are recognizable. During days 1l to l3

sonitee 26-48 (caudal) develop and by day 13 the eubryo is rell

forned.

Uright et al (fgSg) studied rat prenatal skeletal develop-

nent in the Uistar rat, Fetr¡seÊ rere stained with toluidine blue

for cartilage and aliaarin red for bone. the first appearance

of eartilage wae at I5 days ia the third ts the ninth ribe. Bone

first appeared in the embryo at I5 days in the body of the nandible.

The najority of bones appeared during days 15ït to 16. The first

sign of oesification of vertebral arches appeared in the first

tt
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FIGURE 1

Pri rnitive
5f rea K

Day 6

Day l2

Four Sfages

Day 15

in fhe Developmenf of the Rat Embryo.
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eeryical arch and proceeded caudully. By day zl atl arches ex-
cept the nore distal caudal ones showed sone eigns of ossifica-
tion.

The oesification of the vertebral bodiee first appeared

in the mid-thoracic region (thoracic 4-rõ) on day lg, and pro-
ceeded in both directions but qgore rapÍdly in the roetral dir-
eetion. By day 2l alt the bodies rere oseified except the first
and second cervical vertebral bodies and the nost distal caudal

bodies.

conplete cartirage nodels of atl ribs were observed to
be present by day lft¿.

The first tro sternabrae uere the first to ossify (day lg).
sternabrae three and four and the xÍphoid process oesified sne-

half day later. The fifth sternabrae was not oesified until day

20.

Dellnition of Terne

There is great variability in the literature, in defining
the severity of teratological defects. For the purpose of this
work the following definitions were used:

l. Variatione

variations are stight deviations fron rrnornalrr developnent, of a

structure or in the tinetable of developnent, which nay not per-
siet to the tiue of maturity of the aninal. As an exanple, in
this research, a decrease in the rate of fetal ossification has
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been coasidered as a variation or deviation of development.

2. Ånonalies

Anonalies are considered as abnornalities, which nay usually

persist until naturity and represent a narked deviation of de- .., ,,,

velopnent. Anonalies usually do not handicap or threaten the

life of the aninal. As an exanple, in this research¡ auper-

nur¡erary ribs were defined as anonaliee. 
,.,,,,

3, Congenital l{alfornations

Congenital nalfornations are serious developmental abnornalitíes -':.

and persist throughout the lifetine of the aninal and ueually

severely bandicap or threaten its life, e.g. cardiac abnormalities.

No congenital nalfornatione were observed in this research.



III MAîERIALS AND METHODS



Experinental Aninals

Fenale albino rats, of the Holtzman strain, Madison, His-

eonsin rrere used. this strain ie descended fron the Sprague-

Davley strain.

lterly acquired aniaals vere plaeed four to a cage and

appropriate narkings were nade on their ears for identification.

Using the randon nunbers table, aninals were randonized into

groups of ten.

Albino Holtzman aales were plaeed wíth fenales at IZOO

hours and eeparated at O9OO hours, the next morning. The estin-

ated tine of coitus rae oloo hours ! I hours. therefore gegta-

tional age of the fettrees could be placed yithin this 16 bour

period, (Everett and Sawyer, l95O).

At O9OO hours vaginal stsears were obtained fron each fe-

nale, using the following nethod. The aninal uas secured by

holding it in a vertical position with the left hand just under

the forelinbs. A cotton erab, eaturated with physiological eal-

ine (to reduce trauna to the vagina) vas inserted into the yag-

ina and rotated 360".

the ewab uas rolled on a labelled glass nicroscope elide.

The slide ¡¡as then stained for one ninute vith l{ethytene Blue,

dipped into vater to renove excess stain and allowed to air dry.

The stained specinen was exanined under a nicroscope for the

presence of spernatozsa. Hhen spernatozoa uere discovered, the

fenale waÊ considered pregnant, and in day one post-coitus which

16
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corresponds to day one of gestation for the enbryos, (see figure 4).

All aninals were fed ad libitun a diet of rfVictor Fox

Food Cubesrr supplemented with rrRexAnd Feeding Oilrr. In accord-

ance with experinental design, water waÊ available at all tines.

Environnent Chanber

Pregnant aninals were placed in separate cages, after

their weight sas recorded. The aniuals and cages were then

placed in an environnental chanber where the temperature sas

naintained at 75op ! l" and relative hunidity at 5O percent t

2O percent.

The tight cycle in the chanber consisted of 12 hours

tight fron OSOO hours to 2OOO hours and 12 hours darkness from

2OOO hours to OSOO hours.

l{ethod of lreatnents

þ!i¡g. three groups of tea aninals each rere fasted 
.:,,,...,,

for 48 hour periods at the followÍng tines; days ?-9 (Group I), "
,-.:-: :..

days 9-lt (Group II) and days 11-13 (Group IIf) post coitun (see '"':,".'

table L).

îhe food was removed fron the cage at O9OO hours on the

appropriate day and returned 48 hours later at OSOO hours. Uater " ' '
ì:.-t:.1

was supplied continuously ad libitun. Heights nere recorded for

each aninal at the beginning of the fast, after 24 hours and at

the end of the fast. Blood sugar levels were recorded on control
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Group

TABLE 1

METHOD of

Days of Gestati on

Fas t

TREATMENTS

Treatment

Fast+Insulin Insulin Saline

II

III

IV

V

7-9

9-11

11-13 +

VI

VII

VIII

IX

X

Day 1 = Day

9-11

9-11

9-11

9-11

sperm found
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aninals ever¡r 12 hours tbroughout the period of the fast.

Controls. lwenty control animals (Groups IV and V)

Ìfere aupplied with food and water ad libítun througbout Pregnanc¡r.

Protanine Zinc Insulin and Fasting. One group of ten

animals (Group VI) uas given a total of O.4 units of þrotanine

ziac insulin during a fasting period fron days 7-9. O.2 units

of protanine zinc insulin Yas given to each aninal at O9OO hours

on day ? and O.2 units at OSOO hor¡rs on day g (taUle l).

The protanine zinc insulin was diluted fron stock solution

of 4O units Per cc to Ì unit per cc using sterile physiological

saline. The injection was given subcutaneously Ín the dorsal

region of the neck and shoulder.

controls. control aninals consisted of three groups of

ten aninals each, in uhich one group (GroupVIII) was given a

total of O.4 units of protamine zinc insulin, but not fasted,

one group (Group IX) received O.4 cc of saline and one group

(Group X) fasted fron days ?-9 (table t).

Blood Sanplee

Blood eamples of o.2 cc each were obtained in the follow-

ing nanner. The aninals rere handled for approxinately 2 ninutes

to nake sure they rrere caln, and to prevent then fron beconing

excited later. they rere then placed in a restraining G&$ee

The restraining cage (figure 2) uas designed to ensure

that the aninals would neither becone exeited, nor feel con-



20

FIGURE 2

Diagram of Rat Restraining Cage

Used i n Obtai ni ng Bl ood SamP'les
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strained during the proeedure. This yas acconplished by nain-
taining darkness in the cage by the use of the lid and by allov-
ing roon for rateral novenent. Âs nay be seen fron the diagran,

there yas a hole in the end of the cage, Brlg¡r in dianeter, through

which the ratfs tail uas extended. The floor of the cage ras on

an incline of 4oo and slippery to prevent the aninal fron forc-
ibly pulling its tail out of the hole.

After the aninalrs tail was extended through the aperture,
it was swabbed with ethanol for sterilization, .approxinately

I nn of the tip of the tair was removed wíth a razor blade and

o.2 cc of blood renoved using a unopette pipette. The blood

sample uas then analyzed using the method of Grant and Moorhouse

(1966) ín an autoanar¡rzer, (Techicon rnstrunents corporation).

Caesarean Section

caesarean eections were perforned on pregnant fenales

twenty-ene days post coitus. a nid-line abdoninal Íncision was

nade fron the base of the sternun to the proxinal edge of the

vagina and the bi-cornuate uterus was disected fron the abdoninal

eavity. The uterus vas positioned on the table in a relatively
etraight line. on the side of the uterus opposite the placentae,

a lengthwise incÍsion fron one terninal end to the other exposed

the fetuses. Progressing fron left to right, the fetuses were

separated fron the placentae by severing the unbitical cords.
Each fetus tyas weighed, rneasured and evicerated and placed in
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indívidual labelled glass jars containing g5 percent ethanol.

Sta.inÍng

îhe fetuc¡es rere processed using Darrsonrs Alizarin Stain-

ing Technique. From the ethanol the fetuses were placed in

acetone to renove the fat. This was followed by innersion in

potassiun hydroxide to clear the specin€nsr They were then

stained with Alizarin stain which is specific for osseous for-

nations and finally stored in glyeerin.

Exanination of Specimens

Examination of specinens took place under a dÍsecting

nicroscope.

Statistieal Ànalysis _UFg9

The data on bone developnent, was analyzed using an

analysis of variance rith a Duncanrs llultiple-Range îest. ::::;: :.:.':::
Ì:1 '':::.:::;':-::

the blood glucose data was anlyzed using the student 
:', 

,,,,..: .,::,t

nÎrr Testo ::::i::: ':':
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fntroduction

The statistical analysis perforned has been described in

the Materials and Methods.

the etatisticatty significant effects on developing rat

embryos of maternal fasting and insulin injections have been sun-

marized in lable 23,

Tables with the meanÊ and standard error of the means are

included for all factors studied (tables 2 to 2l), while graphs

are included here ohly for those factors found to be statistically

significant (graphs I to 2O). Tables for those factors not found

to be statistícalty significant nay be found in the Appendix.

The points on graphs have not been joined because they

are not linear components and joining then would be misrepresent-

ative.

Factor - I. Length of Fetuse¡i (labtes 2 and 3, Graphs I and 2)

In Experiment f (taule 2, graph l), Group II (fast days

9-1I) fetuses showed a statistically significant decrease in

length from the control values. The general impression of the

table and graph is that none of the groups differ sÍgnificantlyt

however, a Student rrTrr Test was done which confirmed the finding

shown by the analysis of variance.

As may be seen from Table 13, Group II fetuses were the

most severely affected group ín the fasting study. With such

widespread variations and definite decreases in the rate of
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TABLE 2

Mean Length of Fetuses Per Group (F-1)

Experiment Number I

Group Treatment
Number

Days of Gestation Mean Number/ Standard
Group Error

I

II
III
IV

V

Fast

Fas t
Fast

Control

Control

7-9

9-11

11-13

42.80

41.80

4?.34

43.50

43.50

t.62

1 .99

1.06

0.97

0.97

GRAPH 1
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TABLE 3

Mean Length of Fetuses Per Group (F-1)

Experiment Number II
Group Treatment
Nunber

Days of Gestation Mean Number/
Group

Standa rd
Emor

VI

VII

VIII

IX

X

Fas t+PZ I

Fast

P7T

Sal i ne

Control

9-11

9 -11

9-11

9-11

42.00

43.20

43.00

43.60

43.60

0.58

0.47

0.42

0.27

0.27
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ossification in this group, it ehould not be surprising that

there is also a decrease in length.

The results fron Experinent II (table 3, graph 2) ehow

that length of fetuses is not affected in any group, including

those whose nothers uere fasted and yet there vere about as EanJ¡

skeletal variations aÊ in Dxperinent I. Therefore, despite the

statistical findings, little enphaeis nay be placed on the affect

of fasting on fetal length.

Factor - 2. Fetal-Ifeight (lable "À-1, See ^Appendix)

Fetal veight was not found to be statistieally different

in any of the groups studied.

Factor - 3. .Absent Cervical Vertebral Centra (Tables 4 and 5,
Graphe 3 and 4, Figure 5)

In Experinent I (tabte 4, graph 3) there was a statistic-
ally significant deerease in the nunber of cervical vertebral

centra preeent in fetuses in Group II (faet days 9-11) and Group

III (fast days fl-f3). These findings indieate a delay in the

rate of ossification. In Experinent II (table 5, graph 4) Done

of the fetuses in any group sbowed a significant decrease in the

number of cervical vertebral centra present. AII centra trere

present in the thoracic, lunbar or sacral regione.
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TABLE 4

Mean Number of Absent cervical vertebrar centra per Group (F-3)
Experiment Number I

'.i::,ll.r:,
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Group
Number

Treatment Days of Gestation Mean Number/ Standard
Group Error

I

II
III
IV

v

Fas t
Fas t
Fas t

Control

Control

7-9

9-11

11-13

18.10

26.90

?6,40

14.90

13.60

3.29

3.27

3.63

1.79

2.r9

GRAPH 3

Experiment Number I
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TABLE 5

Mean Number of Absent cervicar vertebral centra per Group (F-3)
Eiperiment Number II

Group Treatment
Nurùer

Days of Gestation Mean Number/ Standard
Group Error

VI

VII

VII I

IX

X

Fast+PZ I

Fas t
PZI

Sal i ne

Control

9-11

9-11

9-11

9-11

14.60

18.40

13.10

12 .30

14.10

2.58

2.29

1.10

1.27

1.30

GRAPH 4

Experiment Nunùer II
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IqqtSr - 4'.___Eetarded Odontoid Processes (Tables 6 and 7, Graphs

In Experinent I (table 6, graph 5) the odontoid process of

the second cervieal vertebra showed a significant decrease in

oesification in Group I (fast days ?-9) and Group III (fast days

11-fõ). There r&s no sigaificant effeet on ossification of the

odontoid proceêÊ in Group II (fast days 9-If), or in Erperinent

II (taUle ?, graph 6) which uas conducted exclusively on days

9-11. However, aÉ¡ may be seen on Graph 6, there yas a slight

although insignificant decrease for those treatnents (sith the

exception of Group fX, ealine), occurring on days 9-ll. Over the

eix day period of treatnent the odontoid process was lese sus-

ceptible to the effects of hypoglycemia on days 9-11 than on the

other four days. It is possible that this effect vas due to some

other nechanists occr¡rring over this tine period, in this area,

which provides sone protection to the odontoid process.

licated thoracíc Vertebral Centra (lables I and 9,
Graphe 7 and I, Figure ?

In Experisent I (table 8, graph ?) the nunber of duplicat-

ed thoracic vertebral centra present uere observed to be statistie-

ally different from normal (groups IV and V) for Group I (fast

days ?-9) and Group fI (fast days g-tl). Group IIf (fast days

11-f3) did not have a significantly different nunber of duplicated

centra fron normal present.

In Experinent II (table 9, graph 8) duplicated vertebral.

30
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TABLE 6

Mean Number of Retarded 0dontoid processes per Group (F-4)
.Experiment Number I

Group
Number

Treatment Days of Gestation Mean Number/
Group

Standa rd
Error

I Fast

Fast

Fas t

7-9

9-11

11-13

1.30

2.50

1.30

3.90

o.qz

0 "75

0.50

1.04

II
III
IV Control

v co1t19l .:. 4.10 o.B1

6

GRAPH 5
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TABLI 7

Mean Number of Retarded Odontoid Processes Per Group (F-4)

. .Experiment Number.II

32

Group
Number

Treatment Days of Gestation Mean Number/
Group

S tandard
Errnr ,:

VI

VII

VIII

IX

X

Fas t+PZI

Fast

PZT

Sal i ne

Control

9-11

9-11

9-11

9-11

2.60

2,70

2.20

3.60

3.20

0.81

0.67

0.20

0.69

0.6r
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TABLE B

Mean Number of Dupì icated Thoracic vertebral centra
Experiment Number I

Per Group (F-5)

Group Treatment
Number

Days of Gestation Mean Number/ Standard
Group Error

I.

II
I II
IV

v

Fas t
Fas t
Fas t

Control

Control

7-9

9-11

11-13

2.30

4.00

0.10

0.90

0.50

0.72

0 .68

0 .10

0.31

0.22

GRAPH 7
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TABLE 9

Mean Number of Duplicated Thoracic vertebral centra per
.Experiment Number II

Group (r-s)

Group
Number

Treatment Days of Gestation Mean Number/
Group

S tanda rd
Error

VI

VII

VIII

IX

x

Fast+PZI

Fas t
PZI

Sal i ne

Control

9-11

9-11

9-11

9-11

5.30

3.40

0.70

0.50

0.90

1.03

0.60

0.21

0.22

0.33
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centra occurred significantly nore often than normal in Group VI

(fast plus PZI days ?-9) and Group VfI (fast days ?-9). the

nunber of duplicated vertebral centra observed in Group VI (fast

plus PZI days g-ff) was also significantty higher than the nunber

observed in Group VII (fast days g-ll). this could be interpreted

as beÍng a partial additive effect produced by the insulin.

therefore, the nost critical period of susceptibility to

the production of duplÍcated vertebral centra is sonewhere betueen

days 7-11.

Factor 6, NumÞer o! Live BorL_[glgggr (Table a-2, See Appendix)

There ras no statistically significant difference in tbe

nunber of live born fetuses in any of the groups studied.

Factor 7. Nunber of Resorptions (Tables 1O and 11, Graphs I and 1O)

In Experiuent I (table IO, graph 9) there ras no statis-

tically significant effect r f fasting upon the resorption rate.

fn Experinent II (table ll, graph lO) Êroup VI (fast plus

PZI days 9-11) produced a statistically significant increase in

the resorption rate. Since protamine zinc insulin alone (Group

VIII) shoned no effect, the resulting inerease in resorption rate

was probably due to the increased hypoglycenia produced by the

combination of fasting and insulin. It is evident that this

treatnent endangers the viability of the enbryo. The resorption

rate of all other Groups in Experiment II was not significantly



36

TABLE 10

Mean Nunùer of Resorptions Per Group (F-7)

Experinent Number I

Group Treatment
Nunber

Days of Gestation Mean Number/ Standard
Group Error

I

II
III
IV

v

Fast

Fast

Fast

Control

Control

7-9

9 -11

t1-13

0.70

0 .50

0 .50

0.30

0.20

0.2t

0.27

0.17

0 .15

0.13

GRAPH 9
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TABLE 11

Mean Number of Resorptions Per Group (F-7)

Experiment Number II

Gtpup Treatment
Number

Days of Gestation Mean Nunúer/ Standard
Group Error

VI

VII

VIII

IX

X

Fas t+PZI

Fas t
P7T

Sal i ne

Control

9-11

9-11

9-11

9-1.1

1.60

0.40

0.30

0 .30

0.40

0.37

0.22

0.15

0 .15

or16
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different from the nornal (Group X).

Factor - 8. Retarded Fifth Sternebral.Centre (Tab1esl2 and 13t
)

In Experinent I (table 12, graph lt) ossification of the

fifth sternebra was significantly delayed in Group II (fast days

9-11) but fasting on days ?-9 and ll-I3 had no eignifíeant effectt

although ossification yas not ag advanced as in the control Groups

IV and V.

In Experinent II (table 13, graph 12) Group VI (faet plus

PZf days 9-1f) and Group VII (fast days 9-II) showed a statistie-

ally significant delay in ossification. Howeverr insulin plus

fasting (Group VII) did not significantly increase the effect of

fasting. Ineulin alone (Group VIII) and saline (Group IX) treat-

nents had no significant effect on the ossification rate of the

fifth sternebra.

The oesification rate of the fifth sternebra was nost

É¡useeptible to fasting and fasting plus insulin on days 9-ll

of gestation.

Factor - 9 l{unber of Fifth S rnebra Missha n (taule A-3
See Append igure

Sone fifth sternebral centra were well ossified but uere

not concentric in shape. No treatpent had a significant effect

on the nunber of mieshapen fifth sternebra present, conpared

with the control Groups IV, V and X.
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Mean Nurüer of Retarded Fifth Sternebra Per Group (F-B)

Experiment Number I

39

Group Treatment
Number

Days of Gestation. Mean Number/
Group

\

Standard
Emor

I

II
III
IV

v

Fast

Fast

Fast

Control

Control

7-9

9-11

I l-13

1.10

2.70

1.60

0.90

0.60

0.43

0.67

0.56

0.31

0.22
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TABLE 13

Mean Number of Retarded Fifth Sternebra Per Group (F-g)

Experìment Number II
Group
Nunüer

Treatment Days of Gestation Mean Number/ Standard
Group Error

VI

VII

VI II

TX

x

Fast+PZI

Fast

PZT

Sal i ne

Control

9-11

9-11

9-11

9-11

2.40

3.40

1.00

0.80

0.80

0.45

0.45

0.26

0.20

0.29

4
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Factor - f_9_. __gternebrqe Hisshapen' Excluding the. Fifth Fternebra

ly

ed.

Although the fifth sternebral center was not significant-

affected by the treatments, other sternebral centra were affect-

The nupber of nisshapen sternebrae was increaeed eignif-

icantly by treatnents occurring on days 9-ll (Group ff, GrouP VI,

Group VII) with the exception of Group VIfI (pZt) and Group IX

(saline). Fasting on other days had no statistically eignificant

effect on the nunber of nisshapen sternebrae.

f believe the oisshapen appearanee of the centra is due

to partial delay in oesification, thereby allowing one part of

the center to oseify faster than the other.

The fifth eternebral center is the last center to ossÍfy

(day 2O). If the nisshapen appearance is a naturally occurring

phenonena, demarkÍng partially delayed ossificationt it would

be reagonable to assune that it sould not differ fron rrnsrnalft

at the tine of exanination on day 21.

Since the other sternebrae oseify firstt it is easier to

note a delay in their ossification than in the fifth sternebral

center that is Just beginning ossification at or near the tine

of exanination. If the fetuses were not examined until a day

later than usual, it is probable that sone abnornal delay in

oÊõifieation of the fiftlr eternebral center vould be observedr

thie poseibility ritl be eheched in future exPerinents.
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TABLE 14

Mean Number of Sternebrae Misshapen Per Group
Exctuding the Fifth Sternebra (i'-tO)

ExPetriment Number I

Group
Number

Treatment Days of Gestation Mean Number/
Group

Standard
Error

I

II
III
IV

v

Fast

Fas t
Fast

Control

Control

7-9

9-11

11-13

0.90

2.20

0.80

0.20

0.30

0.14

0.35

0 .16

0 .11

0.13

GRAPH 13

Experiment Nunber I

III
Groups

o
r{
ILu-(uv

o-
|It

É9-
cr -ocLo,.Itç
E'-
vr(u
aa +t.- lll
= -c(u+r
ßt (F

-o LL
c,çc,L.c
o, +,
+tu, c,rg
OT'

=(urJ
-oxE l¡,
:Jz,ôo-ç=ctoc,L
=(.'



43

TABLE 15

Mean Numbei of Sternebrae Misshapen Per Group
Exctuding the Fifth Sternebra (F-10)

Experiment Number II

Group Treatment
Nunber

Days of Gestation Mean Number/ S.tandard
Group Error

VI

VII

VII I

IX

x

Fas t+PZ I

Fas t
P7l

Sal i-ne

Contrpl

2.90

2.50

0 .10

0.20

0.40

0.46

0.58

0.10

0 .13

0.22

9-11

9-11

9-11

9-11
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Factor - ll. Lunbar Supernuuerary Ribs (lables 16 and 17,
rol

In Experinent ï (table 16, graph l5) the nunber of lunbar

aupernumerary ribs uas statistically significant for Group fI
(fast days 9-11). Groups f and fII (fasting days ?-9 and 1l-13)

had ao significant effect on the nunber of supernunerarJr ribs

present.

In Experinent II (taUle I?, graph lG) the nunber of super-

nunerary ribs present for both Group VI (fastíng plus PZI days

9-ll) and Group vrr (faet days 9-ll) were increased significantty

over the control values (Group X). Group Vf had a significantly

greater nunber of supernunerary ribs than were found in Group

VII, Since insulin (Group VIII) and saline (Group IX) had no

significant effeet, the result of insulin plus fasting would

seen to be due to the increaeed hypoglycemia as shown in Table

22. Therefore, the o.4 units of protanine zinc insulin produced

a partial additive effect to fasting in regard to this anonaly.

AII supernumerary ribs were located on the first lunbar

vertebra.
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TABLE 16

Mean Number of Supernumerary Ribs per Group (F-l1)
Experiment Nunrber I

45

Group
Number

Treatmen t Days of Gestation Mean Number/ Standard
Group Emor

I

II
I ÏI
IV

v

Fast

Fast

Fast

Control

Control

7-9

9-11

1t-13

0.70

'6.30

2.40

1.60

I .50

0.42

1.84

0.60

0.76

0.58

È
G'
!
(u
E
JE:
(l)FI
cLl
5 1¡-
urrv
q- cLo=
¡-P
c,(lt
€t
=o,zo-
ç, vrrúþ
QJ .rz,É,

GRAPH 15

Experiment Nuúer I

Groups



46

TABLE 17

Mean Number of Supernumerary Ribs Per Group (F-11)

Experiment Number II

Group Treatment
Number

Days of Gestation Mean Number/ Standard
Group Emor

VI

VII

VI II
IX

x

Fas t+PZ I

Fas t
PZT

Sal i ne

Control

9-11

9-11

9-11

9-11

6.70

4.80

2.00

0.70

1.40

1.30

I .10

0.70

0.33

0.92
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Factor a

cervicar vertebral centra ossify in order in the eaudar

to rostral direction. Ifhen ossification proceeded sporadically,
reeulting in absence of sone centra, it was eonsidered to be an

anonaly.

Äsynchronous cervical vertebral centra uere not ob-

served in any contror group6, or in Group vrrr (pzr alone) and

Group rx (saline). They were observed, however, in all other

treatment groupe. îherefore this conditÍon seems to be produced

by a level of hypoglycenia greater than that produced by ineulin
injection alone and the period of susceptibility is fairly long,

This condition waÊ noted only in cervical vertebrae.
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TABLE 18

Mean Number of Asynchronous Vertebral Centra (t-lZ\
Experiment Number I

Group Treatment
Number

Days of Gestation Mean Number/ StandardGroyp Error

I

II
III
IV

v

Fas t
Fas t
Fast

Control

Control

7-9

9-11

11-13

0.30

0.40

0.10

0.00

0.00

0.10

0. 15

0. 11

0.00

0.00

Graph 17
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TABLE 19

Mean Number of Asynchronous Vertebral Centra (F-12)

Experiment Number II

Group
Number

Treatment Days of Gestation Mean Number/ Standard
Group Error

VI

VII

VI II
IX

x

Fast+PZI

Fast

PZT

Sal i ne

Control

9-11

9-tl

9-11

9-tl

0.30

0.50

0.00

0.00

0.00

0. 13

0.t7

0.00

0.00

0.00

GRAPH 18

Experiment Number II
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Factor - 13. ,Abnornal Ânterior Arch of the Atlas
. (Tables 2O and 21, Graphe 19 and 2O, Figure ll)

In Experinent I (tabte ZO, graph t9) there was a

statistically significant deerease in the rate of ossification

of the anterior arch of the Atlas in Group II (fast days 9-ll).

the other tso periods of fasting showed no eignificant differ-

ence fron the control Groups IV and V.

In Experinent II (table 21, graph 2O) both Group YI

(fast plus PZI days g-fl) and Group VIf (fast days g-lf) showed

a statistically eignificant different rate of ossification but

the two Groups did not differ from eaeh other. Group VIfI (P?,f)

and Group IX (saline) showed no significant difference fron

nornal (Group X).

this factor represents a decrease in the rate of ossif-

ication and the susceptíble period is days g-11.
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TABLE 20

Mean Number of Abnormal Anterior Arch of the Atlas Per Group (F-13)

Experiment Number,I

Group
Number

Treatment Days of Gestation Mean Number/ Standard
Group Error

I

II
III
IV

V

Fast

Fast

Fast

Control

Control

7-9

9-11

11-13

2.60

4.70

2.00

1.90

1.90

0.96

0. 84

0.61

0.48

0.55
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TABLE 21

Mean Number of Abnormal Anterior Arch of the Ailas per Group (F-13)

Experiment Number II
Gibup Treatment Days
Number

of Gestation Mean I'lumber/
Group

Standard
Error

VI

VII

VIII

IX

X

p¿sl+PZI

Fas t
PZT

Sal i ne

Control

9-11

9-11

9-11

9-11

2.80

2.80

1.10

1.40

1.40

0.63

0.61

0.23

0.27

0.34

6

GRAPH 20
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Effect of Â.eute Fasting on llatefnal Blood Glucose

By fasting pregnant fenale rats on days g-Il the naternal

blood glucose was lowered by approxinately 25 percent (p lees

than .O5), within 24 hours. AÊ shorn in graph 22, the blood

glucose then began to shor a gradual increase, probably due to

the effects of gluconeogenesis. Uhen food ras returned to the

aninals their blood glucose levels returned to lfnornalrr uithin

12 houre.

"""' "' n""3; tå;3iiäi"åiã#åi#:ï"""'n"""

The combination of fasting and O.4 units of protamine

zinc insulin on days 9-ll of pregnancy lowered the maternal rat

blood glucose by approxinately 22 pereent (p lees than ,O5)

within 12 hours. After a seeond injectíon of ineulín at 24

hours the blood glucose level dropped to approxinately 42 percent

(p less than .O5) below control values by 48 hours. When tbe

food was returned to the aninals at the end of 48 hours, the

blood glucose levels returned to ttnornaln within 12 hours

($raph 23).

As shown in graph 21, this conbined treatnent de¡rressed

naternal blood glucose levele for the longeet duration of tine

and to a loser value than any of the other treatuents used.

this treatnent produces approxinately the sane level of

blood glueose depreesion, but for a much shorter duration than
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TABLE 22

Effect of a Treatment on the Blood Glucose of pregnant Rats

TREATMENT HOURS

(Mean Blood Glucose) (mgm%)

01224364860

NoRMAL 104t4.5* 103r4.0 104t3.0 10513.0 105t3.3 106t4.0

FAST 104t4.5 100t5.0 79!2.5 g0!2.7 Bzxg.0 105+1.5

5åì* 10414.5 81t1.6 81t8.2 7ex4.B 6015.0 L0zx4.4

pZT I04t4 .5 97t2.7 90!2.1, 8913. 2 8813.1 10214 .3

* = Mean t Standard Deviation
** = Pl[ = Protamine Zinc Insu]in
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rúas observed in Bice, as ltcclure (lgol) produced by only fasting
niee.

Effect of Protanine zinc rnsurin on lrlaternal Blood Glucose

By injecting a totar of o.4 unite of protanine zinc in-
sulin into pregnant fenale rats on days g and lo, a drop of
approxinately 14 percent (p less than .O5) nas obeerved in
naternal blood glucose within 24 hours (graph 24). The second

injection of insulin (o,z units) at 24 hours had no significant
affect on the blood glueose level. This inject,ion r¡as probably

successful in placing a partial bLock on gluconeogenesis but

without the fasting state, it produced very little effect on

the naternal blood glucose level. The effect of the insulin
wae loet within 6o hours after the time of the first ínjection.

As shown on graph 21, protanine zinc insulin injectioas
aloner produced the snallest depreseion of any of the treatnents
used.
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Retrospective Criticisn of Ána_lysis

The fetuees in this research project were examined in
groups and the exaniner vag aware of the treatnent, or lack of
it, their nothers bad received,

Although it is believed this knorledge had ao effect
on the resulte, in any future research of this nature it yould

be advisabre to have aR inpartial observer choose the fetuses
at random, thereby preventing the examiner fron knowing the
identity of fetuses aRd thus eliminating any subeonscious bias
in recording observations.
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SunnarJr of R-esulte

(r) Groups rrr and vrr were given the sane treatnent

but were carried out at different tines of the Jrearr All the

significant factors recorded for Group rrr were also recorded

for Group vrr, howeyer, Group rrr had tr¡o additíonal significant
factors; deereaeed fetal length and absent cervical vertebral

centra. this result could be due to a possible seasonal varia-
tion in the rats.

(z) rn Experinent rr, insulin in conbination with fast-
ing (Group vr), eignificantly increased the nunber of supernun-

erarJ¡ ribs and duplicated vertebral centra over the nunber which

occurred when the aniuals rrere only fasted (Group vrr), rnsulin
produced an additive effect in the production of these tyo

anonalies when adninistered with fasting.

(g) the results show a definite decrease in the fetar
oseification rate for aninals that were fasted, with the nost

seyere retardation occurring when the pregnant aninals were

fasted on days 9 to 1l of gestation.

(+) rn Experinent rr control Groups vrr r (pzr alone)

rx (saline), did not differ from normal (Group x) for any of
factors studied.

and

the
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This series of experinents was undertaken to erplore the

effects, if any, of hypoglyceraia on fetal skeletal developnent

in the rat. rn 1965, Runner stated that normal developnent in

nouse eabryos and probably in all nannalian enbryos, is depend-

ant on carbohydrate ¡¡etaborism. He worked with nice vhich have

unusually low carbohydrate stores, allowing a stress such as

fasting to produee an innediate effeet on carbohydrate neta-

bolisn.

The rat uas chosen for this series of experiments be-

cause, like the human, it has large resources of eubstratee

capable of maintaining near nornal carbohydrate netabolisn

under stress.

With Runnerrs uork in mind, we deeided to try and ob-

serve the effects of acute fasting on fetal developnent in the

Holtznan ratt by duplieating the tines of faeting that Runner

had used in 1959. Âs Runner predicted, the naternal blood

glucose levels during the fast in rats, did not compare to the

severe 5O percent drop he obeerved for mice.

It vas then decided to try and produce the 5O percent

drop in blood glucose observed in nice. Ue chose protanine

zine insulin as a hypoglycenic agent for two reasons, the first

reaÊon being that insulin does not cross the pracental barrier

and therefore cannot reach the fetus as shown by Goodner and

Freinkel (fg6f) and Glark et al (1968). Secondly, protanine

zine insulin is long acting and tberefore the nunber of



injections needed to produce the desired effeet was reduced to

a nininun, thereby alleviating as nuch trauna to the aninal

as possÍble.

All other hypoglycenic agents encountered in ny search

of tl¡e literature have been shown to have sone direct teratolog-
ical effect on the enbryo and for this reason they were rejected

for the present investigation.

Environnenjl

fn planning thie series of experinents, an attempt vae

nade to renoye as manJr environmental variables aÊ possible. The

pregnant aninals were houeed in an environnent chapber in yhich

the tenperature uas naintained at ?5oF å zo as reconnended as

optinun by Dwornik (1969). the chanber was equipped yith a good

ventilation systen vhich eupplied a continuous flon of fresh air
to the aninare, thereby protecting the aninals fron poseible

hypoxiat thought to be a poseible teratogen by Grabovski (lg6a).

Relative hunidity was naintained at 5o percent 3 ¿o percent.

The rather large fluctuation was due to fluctuation in the

anbient humidity of the outside roon air occurring over the

Êunner and winter periods. Å relative hunidity of 5o percent

is reconnended as optinun for rate by several aninal care

nanuals.

To synchronize the ovulatory tine of rats in order to

enÊure that all fetuses would be the sane age ! Z hoursr the

65
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lights in both the aninar roon and the environtrent chanber sere

set for 12 hours on and 12 hours off basis. This light-dark
sequence has been shown to vork successfutly in eynchronizing

ovulation in rats by Everett and Sawyer (tgSO).

Fastinß as a TeratoRen

Fasting was sho''n to be a strong teratogen in mice by

Runner (rgsg) but in the present study it bas been found to be

only a nild teratogen in rats. rt is not possible to state what

the effect of acute fasting would have on the hunan enbryo sinee

Fraser (1964) has said, tone cannot reliabry predict fron the

teratogenic behavior of a drug in one species, what it will do

in anotherrr. Ho¡vever, in view of these effects in aninals one

should caution against such fasting during the critical period

of developnent in nan (3-B weeks).

the nain effeet of acute faeting found on the rat embryo

ras a general retardation of ossification in the axial skeleton,
however, an increase ia anomaries ras arso observed; accessorJr

ribs on luabar vertebrae and duplicated thoracic vertebral centra.
rn accordance vith Runnerrs (1965) hypothesis, this fasting
effect appears to result fron the depression of naternal blood

grucose by approxiuately 25 percent over a 4g hour period,
(table 2z). one aninar fron Group rr ¡ras severely nalforned,
(figure 12). Externally, the fetus was severely stunted and

the tail wae absent. rnternally, the lunbar vertebrae were



absent and there were nan)r duplicated vertebral centra and arl
sternebral centers were verJr nisshapen. There were arso severe

adhesions of the gastro-intestinal tract. Although only one

such fetus yae obtained in the present series, its sÍgnificance
should not be overlooked since such a fetus has never been ob-

served Ín control litters in this laboratory, conprising over
Sooo fetuseg. Many nore animals would be required to deternine
a frequency for this condition.

Þ-asting rats for a 48 hour period over the six day per-
iod tested, produced no significant effect on the nunber of
resorptions, or the littering rate (nunber of fetuses per litter).
rt nay be concluded, therefore, that fasting is a subletal tera-
togen in rats and the fetuses studied were fron non-depleted

litters. Bunner (fgSg) obtained the same resulte and reached

the saue conclusion rhen mice were fasted for short periods of
tine during organogenesis.

6?
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Vi_tanin Deficiency

The question arises as to whether all effects of the

treatnents in this study resulted fron hypoglycemia. Much hae

been published about the effects of vitamin deficiencf on em-

bryonic developnent of rats during the sane tine period studied

in these experiuents. VítanÍn deficiency, e.g. BI2, niacin,

PGA etc., during short periods in the second week of gestation,

has been ehown to produce seyere abnor¡¡alities in rats, Johnson

(f964), but very few vÍtanin deficiencies have produced effects

on skeletal developnent in the rat. Riboflavin and PGA defic-

iency have been shonn, however, to produce skeletal abnornalities

in rats, Nelson (f953) but these abnornalities do not correspond

to those observed in the present experiments, êrgr in PG.A de-

ficiency, a large percentage of aninals had cleft palates and

club feet. Neíther of these conditions was observed in any

fetuses exanined Ín our laboratory. The anonalies we observed

were sinilar to those observed by Runner (1959) i¡ fasted mice.

To produce conclusÍve results on acute vitanin defic-

iency, Âsling (f969) adninistered vitanin antimetabolitee which

blocked the action of any vitamins, stored or produced by in-

testinal bacteria, on nnetabolisn. thís work probably explains

vhy acute vitanin deficiency Ís not teratogenic in acute fast-

ing experiments.

It should also be noted that streÊÊ on the aninalsr

metabolisn is nuch greater when all food intake is terninated,
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than when a single vitanin is renoyed fron the diet for a 4g

hour period. lhe Eore seyere stress of fasting vould probably

enhance the adaptation of the aninalsr metabolisn much quicker

than would oecur if only a single vitasin vaa renoved fron the

diet.

Effect of Acute Fasting on Àbortion

rn tr)xperÍnent r, Group r (fast days ?-9) a large nunber

of abortions oceumed. Thirty-one pregnant rats were used in
this experinent to obtain ten aninats that naÍntained pregnancJr,

under these conditions. this is an abortion rate of approxinate-
ly 2:1, one that does not coupare with any other experiaents we

perforned. rhe greatest nr¡nber of abortione that oceurred in
any of the other groups was three (Group rrr, fast days g-ll).

rnplantation occurs on day seven in the rat, thus the

fast period we used enconpasses the period of inplantation and

early fornatisn of the placenta. There are at least tro poesible

explanatione for the high abortion rate observed in Group r,
either direct or indirect. The direct effect would be on the

inplanting brastocysts. at the tine of Ínplantation, fasting
hypoglycenia resulting in a decrease in the anount of glycogen

present in the decidua courd reduce the amount of substrate

available for the blastocyst below the level needed for survival.
This could result in a failure of implantation and result in
enbryonic mortality.
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Å possible indirect cause of abortion during Group f
night be hornonal, resulting in a breakdoun, or non-maintainance

of the decidua, thereby causing abortion and secondary en-

bryonic nortality. Hypoglycenia resurting fron fasting could

possibly affect the nornar hornonal naintainance of pregnancJr

at any one or a combination of the following points:
(f) hypothalanus (Z) adenohypophyeis or (g) oyâr¡ro

critchlow and sawyer (rgss) observed an increase in
electrical activity in the hypothalanus during eecretion of
gonedotropin from the adenohypophysis. Fasting hypoglycepia

could poesibly affect this function by decreasing electrical
activity of the Rerve cells due to decreased production of

chemical transnitter substance, (Mcrlvain lgSg; puskarev lg64),
This effect could lower the amount of rutenizing hornone re-

leasing factor (tHRr) produced by the hypothalauus, which

rould lower the lutenizing hornone (tH) release by the adeno-

hypophysis. Lor LH levers wourd lower the output of progester-

one by the corpue luteun, thereby causing a deeidual breakdown.

Fasting hypoglycemia nay also cause a hornonal dis-
turbance at lower levers, as shown in figure 3. For exanple,

it nay directly affect the adenohypophysis decreasing output

of both LH and luteotropie hornone (LTH). Although no results
are available about the affect of acute fasting on the pituitary,

chronic fasting has been shown to reduce drastically adeno-

hypophseal output (Mullinoe and ponerantz, l94O).
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Fasting may affect the corpuÊ luteun directry. Dstrogen

and progesteroner which are eteroids produced by the corpus luteun,

require nicotine adenosine diphosphate (NAD) for their biosyn-

theeis (viltee, l96l). FastÍng hypoglycenia could reduce the

anount of available N.AD enough to lo¡r¡er the levels of both estro-
gen and progesterone, even under strong LTH and LH stimulation.

Any one, or a combination, of the aforementioned pro-

posed hornonal disturbances could result in a disruptÍon of pro-

gesterone levels which are required to naintain the decidua.

ft must be noted, however, that the rat placenta does

not become fully functional in producing hornones until day

twerve (Greenwald and Johnson, tg6g). This would mean that the

anount of plaeental gonadotropin in the circulation would be

negligible during days 7-9. Presence of placental gonadotropin

on day twelve could explain in part why the abortion rate de-

creased in groups fasted at a later tine.

In the rat, prolactin (tTH) is the najor luteotropic
hornone (Everett, 1956). The control of prolactin release by

the adenohypophysis remains a controversial question as to the

existence of either luteotropic hornone releasing factor (LîHRF)

or luteotropic hormone inhibiting factor (ltnlf).

Ä honologous traneplanted adenohypophysis in the rat
produced only LTH (Everett, 1954; 1956; Nihitovitch and Everett,

1958). This would suggest that the rat hypothalanus does not

produce a LTIIRFt but it does not discount the presence of a



LTHTF. rf LTHrF is present, the effect of low blood glucose

levels on the hormonal control shown in figure 3 nust be belory

the hypothala¡nus.

Fasting_plus Insulin as a îeratogeE

Days 9-ll were chosen as the tine to adninister insulin
because this was the nost critical tine for the effect of acute

fasting on bone developnent (table 23).

rnsulin was used to lower the sraternar blood glucose

below that observed in the fasting experiment. This was done to
try and dupricatera6 close ae poesible, in the rat the work of
Mccrure in nice (tgot). Mccrure observed a drop of 5o percent

in the blood glucose of nice, rhieh occurred four hours after
the beginning of the fast. rn our rats a decrease of approx-

imately 35 percent wae observed, but for a nuch shorter duration

than that which had been observed in lrlcclurers niee (graph 23).

statistical analysis showed that the conbination of fasting plus

insulin did not significantly decrease the rate of ossification
any tsore than was observed vith fasting alone. Foweyer, it did

have a partial additive effect on the frequency of tso anonalies:

lunbar supernumerary ribs and dupricated thoracic vertebral

centra.

use of a dose of protanine zinc insurin rarger than o.4

units in the fasting rat, resulted in a high naternal nortality
rate due to hypoglycenic shock. Therefore o.4 unite of protamine
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zinc insulin sas found to be the optinun dose for this ex-

perinent.

rnsulin in conbination with fasting over days g-ll pro-
duced a significant increase in the number of resorption sites
(areas where eubryos had begun developnent), whire insulin alone,
adninistered at the sane tines had no effect on gestation. rt
can be concluded that the level of hypoglycenia resulting from

fasting and insulin in combination, produced a lethal effect on

some enbrloar rt is inpossible to deternine fron the present

experiments if the cause of resorptions uas due to a lethal mal-

fornration, nutritional depletion or hormonal dÍsturbance.

Protarnine zinc insurÍn alone (Group vrrr) had no effect
on skeletal developnent, therefore, it nay be concluded that in_
sulin in the dosage used is not teratogenic in rats of the Holtz-
nan strain. The hypogrycenic aetion of the dosage of protamine 

,,:

zincinsulinusedwasverysnal1,asshovninFigurel5.

Tbe saline control group (Group IX) contained no abnornal ::

fetuses, therefore, saline is non-teratogenic in these rats.
this also proves that fetal developnent was not affected by the
procedure of injecting ineulin into the nother twice during .,j

preglrancy.
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The nost criticar tine for the effects of fasting on

fetal bone developnent in lloltznan rats has been deternined to
be wíthin a 48 hour period fron day g to day lr of gestation.
The najor effect of aeute fasting was a generar retardation in
the rate of ossification of the axial skeleton ia the fetal rat.
Fasting the pregnant rat on days g-ll resulted in the production
of three anonaries in her Jroungs supernumerary runbar ribs,
duplicated thoracic vertebral centra and asynÉhronoue cervical
vertebral centra.

Gonbining fasting and insurin as a treatnent produced

no further decrease in the rate of fetal ossification and there-
fore there was no additive effect on overarr ossification. rn-
sulin in combination with fasting produced a partiar additive
effect, however, in the production of two anonariee: super-
nu'erarJr rumbar ribs and duplicated thoracic vertebral centra.
rt is concluded that the action of fasting and fasting in cou-
bination rith insulin on fetal bone developnent, probably acts
via a single pathway in interrupting nornal developnent in the
rat. the conmon pathway tikely begins with a reduction of avair_
able glucose for the enbryo due to naternal hypogrycemia.

stresses to carbohydrate netaborisn in the Hottzman rat,
in co¡nbination rvith a fasting state, ean produce an additive
developnental effect; therefore, nutritional control should be

of prine concern in setting up of any teratorogical experiaents
conducted with lloltzman rats and probably other strains alÊo.
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TABLE A-1

Mean l,rleight of Fetuses per Group (F-Z)

Experiment Number I

^1.1::r':l:

83

Group
Number

Treatment Days of Gestation Mean Number/ Standard
Group Emor

I

II
III
IV

V

Fas t
Fast

Fast

Control

Control

7-9

9 -11

11-13

5 .51

5.2t

5 .39

5.32

5 .11

0.14

0.10

0.08

0.08

0.77

VI

VII

VI II

IX

X

Fas t+PZI

Fast

PZT

Sal i ne

Control

5.27

5 .14

5.23

5.11

5 .31

0 .10

0.08

0 .16

0.17

0.07

Experiment Number II
9- 11

9 -11

9- 11

9 -11
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TABLE 4.2

Mean Number of Live Born Per Group (F-6)

Experiment Nunber I

Group Treatment
Number

Days of Gestati on Mean Number/ Standard
Group Error

f.i

ïIr
III
IV

V

Fas t
Fas t
Fas t

Control

Control

7-9

9 -11

1 1-13

9 .00

t7.70

11.80

12.00

11.30

T.4L

0.52

0.79

0 .54

0.42

VI

VII

VI II
IX

X

Fast+PZ I

Fas t
P7T

Sal i ne

Control

Experiment Number II

9- 11

9-11

9-11

9-1 1

9.70

11.00

9 .60

10.90

1.0. 10

0 .54

0.47

0 .43

0.38

0.35
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TABLE A.3

Mean Number of Fifth Sternebra Misshapen per Group (F-g)
Experiment Nunùer I

Group
Number

Treatment Days of Gestation Mean Number/ Standard
Group Error

I

II

III

IV

V

Fas t
Fas t
Fast

Con tro 1

Control

7-9

9,11

11-13

0.70

2.30

1.80

7.20

0 .70

0 .30

0.76

0.49

0 .36

0.26

VI

VII

VI II
IX

X

Fas I+PZI

Fas t
P7T

Sal i ne

Con trol

Experiment Number Il
9-11

9-11

9-11

9-11

1 .80

1.20

1 .30

7.24

1.00

0 .33

0.49

0.?6

0.25

0..27
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Figure 4

A vaginal smear after mating. Note the presence of spermatozoa.





Fígure 5

the control cervical vertebral
right, the absence of cervical
ous pattern of ossification.

colunn is on the
vertebral centra

left. Note on the
and the asynchron-





Figure 6

the nornal condition of tvo ossification centres
process is on the left. Note on the right, only
centre of the odontoid process is present.

of the odontoid
one ossificatÍon





Figure 7

The arrow indÍcates a duplicated thoracic vertebral centra.
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Figure I

On the left is the
Note, on the right,
centre.

nornal pattern of sternebral
the severely retarded fifth

ossification.
sternebral
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Figure I

On the left is the normal pattern of sternebral ossification'
i Note, on the right, that nore than one sternebral centre is

nisshapen.
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Figure lO

the amorys indicate
on the first lunbar

of bilateral supernunerary ribsthe presence
vertebra.





Figure ll

The nornal ossification of the anterior arch
the left. Note the retarded ossification of
of the atlas on the right.

of the atlas ie on
the anterior arch
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Figure IZ (a)

The nornal fetus isfetus fron Group If ?il:i"r:iit;-tTî.the rishtr note an abnormar

Figure t2 (¡)

.Alizarin staining technique onabnornal fetus (ieftl ¿oË"-"otthoracÍc region.
the above fetuses shows thathave any vertebrae below the

the






