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Comparison of the Reproductive Performance of Rats at 
-High Altitude (3,800 m) and at Sea Level* 

M a r i t a  L. N e l s o n  * *  a n d  H.  H,  S r e b n i k * *  

INTRODUC TION 

It i s  widely recognized that the fer t i l i ty  of most  an imals  indigenous to sea l e ve l  
is  reduced when they.are  moved to high alt i tudes (Altland, 1949; Mong~, 1960; 
Weihe, 1964). However, very  l i t t le  is  known of the reproduct ive capabi l i t ies  of 
raSs derived f rom sea level stock but born at high alt i tude, i . e . ,  f i r s t -genera t ion  
nat ives .  Prev ious  repor ts  on the reproduct ive pe r fo rmance  of sea level  nat ive 
rats  t ranspor ted  to high altitude as adults indicate that female animals  may ex- 
pe r i ence  t r ans i to ry  anes t rus  (Chang and Fernandez-Cano ,  1959; Weihe, 1964). 
However, when successful ly  mated,  these an imals  give bir th  to f i r s t -genera t ion  
offspring of no rma l  size (Weihe, 1964; see also review by Dawes, 1968, p. 54). 
Ample evidence suggests that the postnatal  growth of the f i r s t -genera t ion  ra ts  at 
high alti tude is s ignificantly impai red  (Chiodi and Sammart ino ,  1952; Krum,  1957; 
Moore and P r i c e ,  1948; Nelson, 1968; T i m i r a s ,  1964; T i mi r a s  and Woolley, 1966; 
T i m i r a s ,  Krum and Pace ,  1957}. Reduced body weight and a reduction in the 
weight of most  endocrine organs as well as cardiac hypertrophy and polycythemia 
have been reported in f i r s t -  and second-genera t ion rats  at high altitude. Impaired  
fer t i l i ty  in these ra ts  has been infer red;  however,  a search  of the l i t e r a tu r e  has 
failed to reveal  any information concerning the reproduct ive pe r fo rmance  of these 
an imals .  Consequently,  a study of the reproduct ive  capabil i ty of f i r s t -gene ra t ion  
ra ts  born at high alti tude was conducted and compar isons  were drawn with sea 
level  control an imals  and sea level  adult ra ts  t ranspor ted  to high altitude. The 
es t rous  cycles of the three  groups of an imals  were analyzed,  and a compar ison  of 
the i r  abil i ty to mainta in  pregnancy was made including a study of the p rena ta l  
s tatus of the fetuses f rom each group of an imals .  

MATERIALS AND METHODS 

Three groups of female  Long-Evans ra t s ,  approximately 120 days of age, were 
used in this study. The f i r s t  group of 9 rats  f rom the colony at Berkeley (elevation 
76 m) served as sea level  controls .  The second group of 6 animals  of Berkeley 
native stock was t ranspor ted  to Barerof t  Laboratory of the White Mountain Re-  
sea rch  Station (3,800 m); the third group consis ted of 11 f i r s t -gene ra t ion  native 
ra ts  born at high alti tude (3,800 m). At the onset of the exper iment ,  the sea level  
controls  and Berkeley native rats  at 3,800 m weighed approximately 308 g, and 
the high altitude native rats  weighed an average of 209 g. All an imals  were  ma i n -  
tained under  s tandard conditions of light, 14 hr  of light and 10 hr  of darkness ,  
and tempera ture  (20 ° to 25°C), and were fed AD LIBITUM a s tandard labora tory  
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diet .  The diet  contained 67.5% wheat,  15% case in ,  7.5% skim milk  powder ,  6.75% 
hydrogenated vegetable  oil ,  1% fish oil ,  0.75% NaC1, 1.5% CaCO3, and KI (added 
by spraying} to a leve l  of 1 ug /g .  

All  of the female  ra t s  were  bred with young adult ma les  exposed to corresponding 
environmental  conditions.  Berke ley  nat ive  stock ra ts  (3,800 m} were  b red  af ter  
17 dnys at high alt i tude to p e r m i t  adjustment  to the hypoxie environment .  Day ze ro  
of pregnancy was cons idered  to be the morning when spermatozoa  were  detected in 
the vagina.  The following invest igat ions were  made.  

FOOD CONSUMPTION DURING PREGNANCY. To examine the poss ib i l i ty  that 
impa i rment  of fe r t i l i ty  at high alt i tude resu l ted  f rom reduced appeti te ,  daily food 
intake was measu red  f rom day ze ro  of pregnancy until t e r m  in se lec ted  animals  
f rom each group. Each animal was caged separa te ly  and given access  to a j a r  con- 
taining a known weight of food. Daily food intake was measu red  by weighing the 
food remaining  in the j a r  as well  as  any res idue  in the cage. Body weights of the 
pregnant  animals  were  taken on day z e r o  and day 21 of pregnancy.  

REPRODUCTIVE PERFORMANCE. Daily vaginal  s m e a r s  w e r e  taken on all  groups 
of animals  for  16 days p r i o r  to breeding ,  to r e c o r d  var ia t ions  in the es t rous  cycle.  
On day 21 of pregnancy,  the animals  were  autopsied and the number  of fetuses pe r  
l i t t e r  was recorded .  The d iamete r  of any resorp t ion  s i tes  in the u te r i  were  noted, 
and the number  of corpora  lutea in both ovar ies  was compared  with the total num- 
be r  of fe tuses  and resorp t ion  s i tes .  

FETAL MEASUREMENTS. The body weights and body lengths (nose - anus + 
anus - tail} of the fetuses  were  recorded .  The placentas  were  cleaned of m e m -  
branes  and weighed. The fetal hear ts  we.re d i ssec ted  f r ee  of surrounding t i ssues  
and weighed on a tors ion balance.  Feta l  hematocr i t s  were  de te rmined  with the m i -  
c rohematoc r i t  method. 

STATISTICAL METHODS. The t t e s t  for non-pa i red  data was applied to de t e r -  
mine whether  the f i r s t -gene ra t ion  high alti tude ra ts  differed s ta t i s t ica l ly  in the i r  
means f rom the other  two groups of animals .  

RESULTS 

Average  food consumption during pregnancy of the sea level  control  and Berkeley  
nat ive stock ra ts  at 3,800 m was s i m i l a r  when expressed  as g/day (Table 1}. 

TABLE 1. Comparison of pregnant  
and at sea leve l  

No. of Onset 
Group ra ts  wt. g 

Long-Evans  ra ts  at high alt i tude (3,800 m) 

Controls ,  4 295 
Berkeley s t ra in  

High alti tude, 4 322 
Berkeley s t ra in  

High alti tude, 4 209 
adapted s t ra in  
(3,800 m) 

Values a re  means + SE. *} Significantly different  f rom controls  (p 

Weight gain 
day 0-21 Daily food intake pe r  ra t  

g/100 g 
g body wt. 

18.8 + 1 . 4  6 . 4 + 0 . 4  

Absolute Relat ive 
(g) (g/100 g 

body wt} 

98 33.2 

62 19.2 

75 35.9 

16.6 + 1.1 

15.1 + 0 . 5 *  

5.2 + 0.3* 

6 . 8 + 0 . 4  

o. 05). 
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However, when these f igures were cor rec ted  for body weight, the Berkeley nat ive 
ra ts  (3,800 m) consumed slightly less  food pe r  day than the sea level  control 
group. The high altitude native rats  ate somewhat less  food pe r  day than the sea 
level  controls ,  although when expressed as g/100 g body weight, there  was no dif-  
ference between the two groups. 

During pregnancy,  body weight gain was grea tes t  in the sea level control  an imals .  
However, when the weight gain during pregnancy was expressed as g/100 g body 
weight, the inc rease  in weight was greates t  in the pregnant  high alt i tude native 
ra t s .  It appears ,  therefore ,  that reduced appetite was not an impor tan t  factor  in 
the impai red  fer t i l i ty  of the animals  res id ing  at high altitude. 

Es t rous  cycles are  compared in Fig.  1. The cycles of the Berkeley ra ts  at 
3,800 m followed the 4-5 day pat tern  typical  of an imals  ra ised  at sea level ,  where-  
as the cycles of the high altitude native ra ts  were prolonged e i ther  in the d ies t rous  
or in the cornif ied phase of the cycle. The abnormal i t i es  in the es t rous  cycle of 
the high altitude native rats  were associated with impai red  fer t i l i ty .  Whereas 
pregnancy occurred in all sea levelcontrols  and Berkeley stock (3,800 m} mated,  
only four of the 11 high alti tude native ra ts  became pregnant .  

Rot Berkeley Native Stock (BNS) 

High Altitude Natives (HAN) 

4 

,, ' - -  I 111t111   
Sea Level Controls (SLC) 

5 
Day: 1 5 10 15 

Fig. 1. Comparison of the es t rous cycles of Long-Evans ra ts  at high 
alt i tude and at sea level.  Day of vaginal cornif icat ion = R 

As shown in Table 2, ra ts  of each group had an average of one resorp t ion  si te  
in the uterus  on day 21 of pregnancy.  The number  of corpora  lutea p r e se n t  in the 
ovaries  of sea level  control and Berkeley stock ra t s  at 3,800 m was s imi l a r ,  
whereas  the ovaries  of the high altitude native ra ts  had significantly fewer corpora  
lutea (p < 0.02). The number  of fetuses observed in utero in Berkeley stock at 
3,800 m and high altitude native rats  at 21 days was signif icantly less  than that in 
sea level control an imals  (p < 0.02). 
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T A B L E  2. R e p r o d u c t i v e  p e r f o r m a n c e  in L o n g - E v a n s  r a t s  at  h igh a l t i tude  and at  
s e a  l e v e l  

Group 

C o n t r o i s ,  
B e r k e l e y  s t r a i n  

High a l t i tude ,  
B e r k e l e y  s t r a i n  

High a l t i tude ,  
adapted s t r a i n  
3 ,800  In) 

No. of 
r a t s  

4 

3 

4 

L i t t e r  s i z e  

i i . 0  + 1 . 0 "  

5 .3  + 1 . 2  

7 . 5 + 1 . 3  
m 

No. of r e s o r p -  
t ion s i t e s  

1 .0  

1 .0  

0 .8  

No. of c o r p o r a  
lu tea  

13 .0  + 1 .1  

1 2 . 7  + 1 . 2  

8 . 8 + 0 . 8  

*) Va lues  a r e  m e a n s  + SE.  F o r  p v a l u e s ,  s e e  tex t .  

Fe t a l  body we igh t s  w e r e  e s s e n t i a l l y  s i m i l a r  in a l l  g roups  (Table  3}. To ta l  body 
leng ths  of B e r k e l e y  s tock  f e tu ses  at  3 ,800  m w e r e  s ign i f i can t ly  l e s s  than t h o s e  of 
e i t h e r  high a l t i tude  na t i ve s  o r  s ea  l e v e l  con t ro l  f e t u s e s  (p <'0. 001). H e a r t  we igh t s  
of the  f e tu s e s  w e r e  the  s a m e  in a l l  g roups .  P l a c e n t a s  f r o m  the  B e r k e l e y  a n i m a l s  
at  3 ,800  m w e r e  s ign i f i can t ly  h e a v i e r  than t h o s e  of c o n t r o l s  (p < 0. 001), and s l i g h t -  
ly  h e a v i e r  than t h o s e  of t he  high a l t i tude  na t i ve  a n i m a l s  (p < 0 .05) .  The  h e m a t o c r i t s  
of f e t u s e s  f r o m  B e r k e l e y  r a t s  at  h igh  a l t i t ude  w e r e  s ign i f i can t ly  l o w e r  than t h o s e  
of f e t u s e s  f r o m  e i t h e r  high a l t i tude  na t i ve s  o r  s ea  l e v e l  c o n t r o l s  (p < 0. 001). 

TABLE 3. Comparison of 21-day fetuses at high altitude and at sea level 

Parent  group 

Controls, 
Berkeley strain 

High altitude, 
Berkeley strain 

High altitude, 
tdapted strain 
[3,800 In) 

No. of Body weight, 
rats g 

44 5 . 5 + 0 . 2 0  

16 5 . 0 + 0 . 6 0  

30 5 . 0 + 0 . 0 4  

Body length, 
c m  

6 . 4  + 0 . 0 4  

5 . 8 + 0 . 0 8  

6 . 2  + 0.04 

Heart, 
mg 

2 5 . 8  + 1 . 7  

2 4 . 6  + 1 . 6  

26.7 + 0.8 

Placenta, 
g 

0 . 5 2  + 0.05 

0.83 + 0.10 

0.60 + 0.02 

Hematocrit 

42.8 + 0.5 

38.5_+ 1,0 

42.7 + 0.9 

Values are  means + SE. For  p values ,  see text. 

DISCUSSION 

The r e s u l t s  of th i s  i nves t i ga t i on  ind ica t e  tha t  r e p r o d u c t i v e  capac i ty  i s  i m p a i r e d  
in r a t s  at  h igh a l t i tude ,  a l though the  d e g r e e  of i m p a i r m e n t  a p p e a r s  to v a r y  b e -  
tween a n i m a l s  b o r n  at  th is  e l eva t ion  and t hose  in i t i a l ly  exposed  to the  hypoxic  en-  
v i r o n m e n t  as  adul t s .  Both the  B e r k e l e y  r a t s  at  3 ,800  m and the s e a  l e v e l  con t ro l s  
had n o r m a l  e s t r o u s  c y c l e s  but  appa ren t l y  d i f f e r ed  in t h e i r  ab i l i ty  to ma in t a in  
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pregnancy.  For  example,  an excessive number  of f resh  corpora  lutea was p r e -  
sent  in the ovar ies  of Berkeley stock ra ts  (3,800 m) when viewed with respect  to 
l i t t e r  s ize,  and this d iscrepancy may indicate fa i lure  of implantat ion or ear ly  em-  
bryonic death. There  was no such d ispar i ty ,  however,  in f i r s t -gene ra t ion  ra ts  at 
high altitude; r a the r ,  the number  of corpora lutea,  though reduced in the ra ts  of 
the high altitude native group, corresponded to the number  of fetuses in the l i t te r .  
The i r r e g u l a r  es t rous  cycles observed in the high alt i tude native an ima l s ,  the 
smal l  number  of corpora lutea,  and the high incidence of infer t i le  mat ings  all sug-  
gest  the possibi l i ty  that p i tu i tary  gonadotrophic function of f i r s t -gene ra t ion  ra ts  
at high alti tude is  subnormal  with respect  to sea level  control  an imals .  It might 
be of considerable  value to assess  all  of the gonadotrophic hormones  and ovarian 
s teroids  sys temat ica l ly  in f i r s t -genera t ion  ra ts  at high alt i tude,  and such studies 
a re  now in p rogress .  

Marked cardiac hypertrophy and polycythemia have been observed in adult f i r s t -  
and second-genera t ion rats  at high alti tude (T imi ras ,  1964; T i m i r a s  and Woolley, 
1966). In the p resen t  study, however, the fetal hematocr i t s  and cardiac  m e a s u r e -  
ments  of the offspring of the high alt i tude native ra ts  (i. e . ,  second-genera t ion  at 
high altitude) show no such effects, suggesting that the i r  ca rd io -vascu la r  sys tem 
is protected in u tero  f rom the hypoxic environment .  A different  mechan i sm may 
be compensat ing for the mate rna l  hypoxic envi ronment  in the Berkeley nat ive stock 
ra ts  at 3,800 m, resu l t ing  in an inc rease  in placenta l  weight accompanied by r e -  
duced fetal hematocr i t s .  The placenta l  hypertrophy,  with a concomitant  inc rease  
in placenta l  surface area ,  seen in Berkeley native stock animals  at high alti tude 
is  s im i l a r  to the changes found in the placentas  of sheep t ranspor ted  to high a l -  
t i tude (Barton et a l . ,  1964; Metcalfe, Novy, and Pe te r son ,  1967). In teres t ingly ,  
in oviparous species ,  such as the chicken, s ignif icant  cardiac hypertrophy has 
been observed dur ing embryonic development at high alt i tude (Atherton and T i mi -  
r a s ,  1970). Although the placentas  of the high altitude native rats  are  not s ignif i -  
cantly l a rge r  than sea level control p lacentas ,  the great ly elevated hematoer i t s  of 
the high altitude native mothers  (approximately 65-70%) apparent ly a re  sufficient 
to supply the fetus with an adequate amount of oxygen. 

Besides the decreased hematocr i ts  observed in Berkeley native stock fetuses 
(3,800 m), fetal body length was also somewhat reduced without any signif icant  
change in body weight. In contras t ,  the fetuses of f i r s t -genera t ion  ra ts  at high a l -  
t i tude were a lmost  identical  in body size and ca rd io -vaseu la r  cha rac te r i s t i c s  with 
sea level  control fetuses.  This would appear to indicate that the high alti tude native 
an imals  were somewhat more  successful  than the Berkeley ra ts  at high alti tude in 
compensat ing for the metabolic changes required  by the hypoxic envi ronment .  

The resu l t s  of the p resen t  study indicate that reproduct ive capacity is ,  indeed, 
a l tered at high alt i tude, and, fur ther ,  that such changes may be implicated in the 
subnormal  postnatal  growth and development of the progeny. They also suggest  
that, as in man (Lasker ,  1969), the capacity of ra ts  to adapt to high alt i tude is 
not l imi ted  to immedia te  physiologic adjustments  but is  passed  on to succeeding 
generat ions  to ensure  their  survival .  
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ABSTRACT. - Es t rous  cyc les  and reproduct ive  p e r f o r m a n c e  were  compared  among 
ra ts  born at high al t i tude,  ra t s  of Berke ley  stock t ranspor ted  to 3,800 m,  and sea 
leve l  cont ro ls .  Dis turbances  of reproduct ive  function observed  in exper imenta l  
groups were  not due to reduced food intake. Es t rous  cycles  of Berke ley  stock at 
3,800 m were  normal ,  whereas  cycles  of high alt i tude nat ive ra ts  were  i r r e g u l a r  
and fe r t i l i ty  was impa i red .  L i t t e r  s ize  was reduced in both groups at high alt i tude 
with fewer  implantat ion s i tes  than numbers  of co rpora  lutea observed  in the B e r -  
keley stock ra ts  at 3,800 m. In the high alt i tude nat ive an imals ,  numbers  of c o r -  
pora  lutea co r r e l a t ed  with implantation s i tes .  P lacen tas  f rom Berke ley  stock ra t s  
(3,800 m) were  heav ie r  than those f rom the other  groups,  and fetal  hematoc r i t s  
f rom these  animals  were  reduced.  

ZUSAMMENFASSUNG. - Der  Oest ruszyklus  und die For tpf lanzungsle is tung wurde 
bei  d re i  Gruppen Ratten vergl ichen:  (a) Kontrol len in Berke ley  (SeehBhe}; (b~ T ie r e  
der  Berke ley-Kolon ie  in 3. 800 m Hbhe und (c) T i e r e  e iner  se i t  m e h r e r e n  Gene-  
rat ionen in 3. 800 m gehaltenen Kolonie. Der  Oes t ruszyklus  der  neu in die HBhe 
gebrachten T i e r e  war  normal ,  w~hrend e r  bei  den T ie ren  der  h~henadaptierten 
Kolonie unregelm~issig und die Fer t i l i t~ t  gesehw~ieht war .  Die WurfgrSsse  war  
bei  beiden H~hengruppen k le iner .  Bei  den h~henadaptierten T ie ren  entsprach  die 
Anzahl de r  Implanta t ionss te l len  der  Zahl de r  corpora  lu tea ,  dagegen war  bei  den 
f r i s ch  in die H~he ve rb rach ten  T ie ren  die Anzahl Implantat ionsste l len k le ine r  als  
die de r  corpora  lutea.  Die Placentagewichte  waren bei den HShentieren be ider  
Gruppen k le iner  und die foetalen H~matokri ts  herabgese tz t .  

RESUME. - On a compar~ le  cycle  mens t rue l  et la  propension ~ la reproduct ion 
de t r o i s  groupes de ra ts  p laces  dans les  conditions suivantes:  (a) un groupe de 
contrSle  ~ Berke ley  (niveau de la  mer}; (b) un groupe de la  eolonie de Berke ley  
t ranspor t~  ~ 3. 800 m d 'a l t i tude et (c) des b~tes vivant  depuis p lus ieurs  g~n~ra-  
tions ~ 3. 800 m d 'a l t i tude.  Le cycle  mens t rue l  des b~tes nouvel lement  t r a n s p o r -  
t~es en alt i tude est  res t~  normal  a lo rs  que celui  des animaux acc l ima tes  ~tait i r -  
r~gul ie r  et l eu r  fe r t i l i t6  diminu6e. Darts les  deux groupes d 'a l t i tude,  l e  nombre  
des jeunes pa r  por t~e  ~tait r~duit.  Pour  les  b~tes ace l imat~es  ~ l ' a l t i tude ,  le  
nombre  des implantat ions cor respondai t  ~ celui  d e s  corpora  lutea.  On note pa r  
contre  moins d ' implanta t ions  que de co rpora  lutea chez les  ra t s  nouvel lement  
p laces  en al t i tude.  Le poids des placentas  ~tait inf~r ieur  pour  les  deux groupes 
d 'a l t i tude ~ celui  du groupe de plaine et le  taux d 'h~moglobine r6duit  chez l es  
foetus.  


