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I t  was previously reported [Morawa and 
Han ( 6 ) ]  that exposure of pregnant Sprague- 
Dawley rats to an atmosphere of purified 
nitrogen at different periods of gestation pro- 
duced a rather serious lag in the differentia- 
tion of epidermal and connective tissue cells 
in offspring from the exposed mothers. This 
lag was in addition to the skeletal anomalies 
and retardation of dental development which 
were most pronounced in animals subjected 
to hypoxia during early days of fetal life 
[Murakami et al. (7) ;  Ingalls and Curley 
(3) ;  Degenhardt (1) ;  Morawa and Han 

Inasmuch as growth and differentiation de- 
pend directly upon the normal production of 
enzymes and proteins in general, it was sus- 
pected that the lack of differentiation of ep- 
ithelial and connective tissue cells might be 
due to the prolonged effect of hypoxia on the 
capacity for protein biosynthesis by these 
cells. The present study was designed to eval- 
uate whether or not a single hypoxic insult 
during the fetal life would show a prolonged 
suppression of labeled amino acid incorpora- 
tion into the developing submandibular gland 
and pancreas during the neonatal period. 

Materials and Methods. Animals and anox- 
ic conditions. In  each experiment, 4 pregnant 
rats were subjected to total anoxia for a 
period of 20 min in a manner described pre- 
viously [Morawa and Han (6)].  Following 
exposure to anoxia, the rats were allowed to 
give natural birth until day 22  of gestation. 
If the mothers did not give birth by 22 days 
of gestation, the rats were anesthetized with 
ether and the fetuses were removed. These 

(6) I .  

1 Supported in part by Grants HD-03147 and 
DE-02731 from the National Institutes of Health, 
U.S. Public Health Service. 

offsprings were regarded as being equal to 
those neonates which were delivered natural- 
ly. Neonatal rats were used within hours af- 
ter delivery. For each experiment, a total of 
12 neonates were used for radioautographic 
preparation. These consisted of 3 litter mates 
from the control animal, 3 litter mates each 
from the 3 experimental groups representing 
animals insulted on days 12, 15, and 18 of 
fetal life. Experiments were repeated three 
times. 

Radioautographic preparation. Each of 
the neonatal rats was injected intraperitone- 
ally with l e ~ c i n e - ~ H  in the amount of 10 
pCi/g of body weight. The specific activity 
of the labeled amino acid was 3.90 Ci/m- 
mole. One animal from each of the 4 groups 
was sacrificed either at  15, 60, or 120 min 
following the injection of le~cine-~H. The 
submandibular gland and the pancreas were 
rapidly excised, fixed for 24 hr in 10% neu- 
tral formalin, and embedded in parlodion and 
paraplast in the standard manner. Sections 6 
p thick were made and collected on slides 
coated with a subbing solution consisting of 
0.5% pure gelatin and 0.05% chromium 
potassium sulfate in distilled water. 

Five sets of slides were coated with Kodak- 
NTB 3 nuclear track emulsion, as described 
elsewhere [Smith and Han (9)] ,  and then 
exposed for varying periods. An exposure 
period of 8 days was optimal for grain counts 
and, therefore, was used in the quantitation 
of average grain numbers. Because of the 
poor differentiation of duct elements during 
the neonatal period, the grain counts were 
made only over definite acinar cells. The re- 
sults of the grain count were processed for 
Student’s t tests using an IBM 7090 com- 
pu ter program. 

Results. Since the quantitative data are 
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FIG. 1. Radioautographs of pancreas (Figs. 1 and 2 )  and submandibular gland (Figs. 3 and 4) 
of rat neonates. Pancreas of a control rat. Rats were sacrificed a t  2 h r  after the injection of 
Ieucine-3H. Pictures were focused a t  the levels of silver grains, and therefore the cells appear 
somewhat out of focus. X630. 

FIG. 2 .  Pancreas of rat exposed to hypoxia on day 1 2  of gestation. The number of grains over 
individual cells is less than that of Fig. 1. 

FIG. 3. Submandibular gland of a control rat. 
FIG. 4. Submandibular gland of rat  exposed to hypoxia on day 1 2  of gestation. A similar 

decrease in grain number is apparent. 



HYPOXIA STUDIES. VII 193 

TABLE I. Quantitative Radioautography of Leucine-3H Incorporation by Neonatal Rat Pan- 
creas Following Anoxic Insult During Different Periods of Gestation." 

Time after 3H Anoxic expmure 
Mean grain no. (SD) yo of control Significance injection (min) (day) 

1 5  Control 
12 
1 5  
18 

60 Control 
12 
15  
18 

120 Coiitrol 
12 
1 5  
18 

~ ~~ 

9.4 (& 2.0) 

4.9 (+- 1.0) 
6.2 (k 1.3) 

7.2 (+ 2.0) 

11.6 (t 1.8) 
7.6 (2 1.6) 

6.2 (k 1.1) 

12.0 (k 1.3) 
6.1 (-1- 1.5) 
8.0 (+ 1.7) 
7.3 (+- 1.3) 

9.3 (+ 1.9) 

100 
66.4 
52.5 
76.8 

100 
65.7 
79.6 
53.9 

100 
50.7 
66.6 
610.9 

- 
p<o.o01 
p<O.O,Ol 
p < 0.001 
- 

p<O.OOl 
p<O.OOl 
p<O.OOl 
- 

p<0.001 
p < 0.0'01 
p<O.OOl 

a Pregnant rats subjected t o  total anoxia for 20 niin and immediately injected with 1 0  &i/g 
of body wt of 1eucine-TI (sp act, 3.90 Ci/mniole), radioautographic exposure, 8 days. 

recorded in Tables I and 11, the illustrative 
figures of radioautographs are limited to the 
tissues of the neonates that had been anoxia- 
insulted on day 12  of gestation and were 
sacrificed 120 min after the injection of leu- 
cine-". 

Figures 1 and 2 compare the pancreatic 
tissues of the neonates from control and ex- 
perimental animals. It is clear that the num- 
ber of grains in the experimental animals is 
notably less than that of the control pan- 

creas. The submandibular gland shows a sim- 
ilar tendency (Figs. 3 and 4). 

The results of grain counts from all of the 
experimental and control animals, given radi- 
oactive precursor a t  different times prior to 
sacrifice, are summarized in Tables I and 11. 
Data for specific time periods are based on 
pooled counts obtained from all 3 experi- 
ments. Although a significant difference be- 
tween the experimental and control animals 
is observed in rats injected with radioactive 

TABLE IT .  Quantitative Radioautography of I ; e~c ine -~H Incorporation by Neonatal Rat  Sub- 
mandibular Gland Following Anoxic Insult During Different Periods of Gestation." 

Time after 3H Anoxic exposure 
Mean grain no. (SD) % of control Significance iqjecticm (min) (day) 

15  Control 
12 
15 
18 

60 Control 
12 
15  
18 

120 Control 
12 
15 
18 

4.3 (k 0.6) 

3.4 (+ 0.7) 
2.7 (&  0.5) 

7.5 (+ 0.8) 
2.5 (+- 0.4) 
4.6 (2 0.7) 
6.4 ( 2  0.8) 

8.9 (2 1.3) 
2.3 (+ 0.5) 
5.6 (+ 0.6) 

3.5 ( 2  0.8) 

4.9 (2 1.0) 

100 
80.9 
79.5 
62.2 

100 
33.0 
61.4 
71.7 

100 
25.8 
63.0 
55.0 

- 
p<0.02 
p<O.Ol 
p<O.OOl 
- 

p<O.OOl 
p < 0.00'1 
p < 0.OlO 1 
- 

p<O.OOl 
p<o.o01 
p<o.oor 

a Pregnant rats subjected to total anoxia for 20 min and immediately injected with 10 &i/g 
of body wt of l e ~ c i n e - ~ H  (sp act, 3.90 Ci/mmole), ra&Qautographic exposure, 8 days. 
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precursor 15 min before the sacrifice, the 
difference is most pronounced in animals sac- 
rificed at  120 min. In  animals of this group, 
the average grain number of the pancreas of 
experimental animals varies between 50% 
and 67% of the control value (Table I ) .  In  
all cases the difference between the experi- 
mental and control pairs is significant a t  the 
level of p<O.OOl .  

Table I1 represents the quantitative data 
obtained by counting cells of the submandib- 
ular glands. The mean grain number in con- 
trol animals is about 70% of that found for 
pancreatic acinar cells at 120 min when the 
mean grain number of the controls was the 
greatest. The results from the experimental 
animals are somewhat irregular in animals 
sacrificed at 15 min, although it is generally 
lower than the control group. In  animals sac- 
rificed at  60 and 120 min after the injection 
of the radioactive amino acid, the number of 
grains per cell is the lowest in fetuses in- 
sulted on day 12 of ,gestation, being 30% or 
less of the control value. Experimental ani- 
mals insulted on days 15 and 18 of gestation 
have a mean grain number which is twice as 
high as those exposed to hypoxia on day 1 2  
of gestation, although they were significantly 
lower when compared to the control. Exclud- 
ing the animals that were sacrificed at 15 
min, the level of significance between the 
control and the experimental animals is 
p < 0.001. 

Discussions. The results described suggest 
the following three points: (i) As indicated 
by radioautographic quantitation following 
leucine-3H injection, the incorporation of la- 
beled amino acid by the pancreas of normal 
rat neonates goes on at  a greater rate than 
that of the submandibular gland. (ii) Of the 
two glandular tissues, the rate of incorpora- 
tion by the submandibuIar gland is more pro- 
foundly affected despite the greater rate of 
leucine incorporation observed in the pan- 
creas. (iii) In  both organs there was a pro- 
tracted and significant decrease of l e ~ c i n e - ~ H  
incorporation in all experimental animals in- 
sulated at different gestation periods. 

Several previous workers have reported 
that, following exposure to anoxia, the syn- 
thesis of proteins was variously suppressed in 
adult organisms [Sanders et al. (8) ; Turner 

and Turner ( lo) ] .  Earlier work from our lab- 
oratory has demonstrated that similar sup- 
pressive effects were found in neonatal ani- 
mals following acute anoxic exposure during 
the first day of life [Smith and Han (9) ; Kim 
and Han (4, 5 )  1. Such effects were evident in 
glandular cells as well as among various 
types of connective tissue cells. 

Insofar as the prenatal effects of anoxia are 
concerned, past studies have dealt primarily 
with teratological aspects observable in ne- 
onates born of hypoxia-treated mother [ De- 
genhardt (1);  Murakami et al. ( 7 ) ;  Ingalls 
and Curley ( 3 )  ; Morawa and Han (6) 3 , or 
in chickens rendered hypoxic prior to 
hatching [ Grabowski (2) 1. These studies 
have clearly shown that a prenatal residence 
in a hypoxic environment could produce pro- 
found malformations in skeletal morphology. 
These findings have been suggested to be the 
result of the accumulation of lactic acid ( 2 )  
and for possible derangement of sequential 
evolution of enzymes and other proteins at  
crucial points in differentiation [Smith and 
Ham (9) 1. These statements support the ear- 
lier observations of Murakami et al. ( 7 )  and 
Ingalls and Curley (3)  who pointed out that 
the malformations were most serious in those 
animals who experienced hypoxia during diff - 
erentiation of the body somites. 

Except for the histological observations by 
Morawa and Han (6 ) ,  which suggested the 
possibility of a sustained impairment of pro- 
tein synthesis in epidermis, few have reported 
any continued effects of prenatal exposure to 
anoxia on protein synthesis. Whether the 
protracted suppression of l e ~ c i n e - ~ H  incorpo- 
ration observed in this study is due to a 
prolonged effect on the rate of transcription 
and translation of secretory products, or due 
simply to a retardation in the degree of dif- 
ferentiation cannot be determined as yet, and 
awaits for future experimentation. 

Summary. A radioautographic study has 
been made of the effect of prenatal exposure 
of rats to anoxia on Ie~cine-~H incorporation 
by the pancreas' and submandibular gland. 
Pregnant rats were subjected to anoxia on 
day 12, 15, or 18 of gestation period. On 
delivery the offsprings were given an injec- 
tion of l e ~ c i n e - ~ H  and sacrificed at 15, 60, or 
12Q min later. Pieces of the pancreas and 



HYPOXIA STUDIES. VII 195 

submandibular gland were double-embedded, 
sectioned, and prepared for radioautography 
in a routine manner. Silver grains were 
counted over exocrine cells and compared 
with grain numbers obtained from appropri- 
ate control. Results indicate the following: 
(i) The incorporation of leucine-3H in con- 
trol rats goes on at  a greater rate in the 
pancreas than in the submandibular gland. 
(ii) The submandibular gland is the more 
profoundly affected of the two, despite the 
higher rate of leucine-3H incorporation in the 
pancreas. (iii) In  both organs there is a 
protracted suppression of l e ~ c i n e - ~ H  incorpo- 
ration which supports previous histologic 
data. 
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