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WRIGHT, W. A. AND C. L. KUTSCHER. Vasopressin administration in the first month of life: effects on growth and 
water metabolism in hypothalamic diabetes insipidus rats. PHARMAC. BIOCHEM. BEHAV. 6(5)505-509,  1977. - Rats 
homozygous for the mutant gene for diabetes insipidus (Brattleboro strain) are stunted in growth compared to rats 
heterozygous for the mutant gene and normal rats without the mutant gene. The hypothesis was tested that normal growth 
depends upon the presence of vasopressin. It was expected that replacement therapy of vasopressin to rats homozygous for 
diabetes insipidus would make possible a normal growth rate similar to that of rats heterozygous for diabetes insipidus. 
Rats heterozygous and homozygous for diabetes insipidus were treated with 0.25 U (Days 0 -9 )  and 0.5 U (Days 10-29)  
of vasopressin during the first month of life. During the treatment period, vasopressin significantly increased the urine 
osmolalities of the homozygous rats demonstrating the renal effectiveness of the vasopressin. The results showed that 
remedial vasopressin administration could not produce normal growth rates in homozygous rats and may be detrimental. 
Six weeks following vasopressin treatment, homozygous, diabetes insipidus rats which had received vasopressin had 
increased 24 hr water intakes and decreased urine osmolalities compared to control, homozygous rats. Heterozygous rats 
also had decreased urine osmolalities resulting from vasopressin six weeks after the cessation of vasopressin treatment. 

Brattleboro strain Diabetes insipidus Growth Vasopressin 

RATS WHICH are h o m o z y g o u s  for  the  recessive allele for  
h y p o t h a l a m i c  d iabe tes  ins ipidus  (DI)  do no t  syn thes ize  
vasopressin  (VP)  [ 1 2 , 2 2 ] .  Rats  which  are he t e rozygous  
(HZ)  for  the  allele have a par t ia l  de f ic iency  for  VP synthes i s  
and release, c o m p a r e d  to n o r m a l  ra ts  which  do no t  possess 
the  m u t a n t  allele [ 1 6 , 2 2 ] .  G r o w t h  ra te  of  DI ra ts  and  
u l t ima te  b o d y  weight  a t t a ined  is s ignif icant ly  less t h a n  t ha t  
of  HZ and  n o r m a l  rats  [22]  and this  d i f fe rence  may  be seen 
as ear ly as the  second  m o n t h  of  life [ 2 0 ] .  There  are th ree  
exp lana t ions  which  have been  advanced  to a c c o u n t  for  the  
re ta rded  g r o w t h  and  evidence  can be ci ted for  each.  (1)  
There  may  be a def ic iency  of  g r o w t h  h o r m o n e  synthes is ,  
release, or  u t i l i za t ion  by  the  target  cells. (2)  N o r m a l  release 
of  g rowth  h o r m o n e  may  depend  u p o n  the  presence  of  
vasopressin  (in DI ra ts  the re  is none) .  (3)  The  VP def ic iency  
may  in te r fe re  wi th  g r o w t h  because  the  DI rat  may  have 
d i f f icul ty  inges t ing and digest ing food because  it m a y  be in 
a s ta te  of  par t ia l  d e h y d r a t i o n .  

Chron ic  t r e a t m e n t  wi th  g r o w t h  h o r m o n e  increased  
g rowth  rate  of  DI ra ts  [ 2 0 ] .  G r o w t h  h o r m o n e  releasing 
fac to r  was found  to be n o r m a l  in DI rats, bu t  a m a r k e d  
def ic iency  exists  in the  g r o w t h  h o r m o n e  c o n t e n t  of  the  
a d e n o h y p o p h y s i s  [ 1 , 1 7 ] .  There  m ay  be a r e d u c t i o n  in the  
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a m o u n t  of  releasable g r o w t h  h o r m o n e  available to  be 
i n t r o d u c e d  in to  general  c i rcula t ion  [ 1 ]. 

There  is conf l ic t ing  evidence on  the  ques t ion  of w h e t h e r  
VP has  a releasing ef fec t  on g r o w t h  h o r m o n e .  E x p e r i m e n t s  
on rats  and m o n k e y s  provided evidence  for  such an ef fec t  
[5,8] ; however ,  some inves t igators  have failed to f ind any  
evidence of  g r o w t h  in non-DI  rats  fo l lowing admin i s t r a t i on  
of  VP [3, 7, 19] .  In humans ,  g r o w t h  h o r m o n e  was released 
fo l lowing VP in some pa t ien ts ,  bu t  no t  in all [ 4 , 1 8 ] .  

Sokol  and Sise [20]  found  t h a t  daily admin i s t r a t i on  of  
vasopressin for 13 weeks beg inn ing  at weaning  (4 weeks)  
did no t  increase ra te  of weight  gain in DI rats, bu t  the  
admin i s t r a t i on  of  g r o w t h  h o r m o n e  did. At  the end of  5 
m o n t h s  of  pos twean ing  t r e a t m e n t  wi th  g rowth  h o r m o n e ,  
b o d y  weights  and  tail l engths  of  DI ra ts  were a p p r o x i m a t e l y  
the same as those  of  n o r m a l  rats. 

A l t h o u g h  the  above evidence suggests t ha t  g rowth  
h o r m o n e  def ic iency plays a cri t ical  role in re ta rd ing  g rowth  
of DI rats, it c a n n o t  ye t  be c la imed wi th  ce r t a in ty  tha t  
vasopressin  def ic iency  is w i t h o u t  consequence  since Sokol  
and Sise did no t  make  vasopressin  in jec t ions  dur ing  the 
po ten t i a l ly  cri t ical  first m o n t h  of  life. Dur ing this  t ime  the  
k idney  of  the  no rma l  rat  gradual ly  develops  levels of 
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funct ioning characterist ic of  the adult  in regard to osmot ic  
diuresis, water  diuresis, concent ra t ion  of  urine, and re- 
sponse to vasopressin and adrenal  ho rmones  [6] .  The 
deve lopment  of  func t ion  may  parallel anatomical  develop- 
ment .  At birth, a por t ion  of  the renal cor tex,  the neogenic 
zone, contains  tissue which postnatal ly  becomes differ- 
ent iated into renal tubules (nephrogenesis)  beginning at 
approx imate ly  12 days of  life and ending at approx imate ly  
28 days. The number  of  nephrons  at bir th is more  than 
doubled after  2 weeks [2] .  

The consequences  of  vasopressin deficiency on rate of  
deve lopment  in DI rats during the first m o n t h  of  life could 
be significant because milk is the initial food of  the 
preweaning rat. In human infants with DI, milk exacerbates  
the symptoms  and produces  hypocalor ic  dwarfism due to 
voluntary  food restr ict ion [9] .  Al though renal funct ion of  
the normal ,  neonata l  rat is below adult levels, the poster ior  
pi tui tary  is capable of  releasing vasopressin by 2 3 days of  
age and exogenous  vasopressin can produce  antidiuresis 
within the first week of  life. By 28 days, the normal  rat can 
excrete  urine as concent ra ted  as that of  the adult [6] .  

In the fol lowing exper iment ,  we a t t empted  to determine  
if adminis t ra t ion of  vasopressin in amounts  sufficient  to be 
of  funct ional  significance, can increase rate of  weight gain. 
Secondly,  we wished to determine  if any normal iza t ion  of  
growth p roduced  by vasopressin inject ion endured beyond  
the t rea tment  period. If VP adminis t ra t ion increases growth 
rate, suppor t  is provided for ei ther  the hypothesis  that  VP 
releases growth ho rmone  or that  VP overcomes  a dehydra-  
tion state of  the D! animal [14] .  If  a def ic iency in growth 
ho rmone  synthesis or release (by factors o ther  than VP) is 
the l imiting factor  in growth of  the DI rats, then VP 
inject ion,  even in the first weeks of  life should have little 
consequence.  

METHOD 

Animals 

Ten female Hz rats and two male DI rats were selected 
for breeding;  ages ranged f rom 1 2 0 - 1 5 0  days old. The 
litters f rom these breeders were the exper imenta l  subjects 
(n = 55 males; n = 60 females). A to ta l  of  19 litters were 
used with no female breeder contr ibut ing  more  than two 
litters. The breeding stock was obtained from the Brattle- 
boro strain maintained at the Syracuse Veterans Adminis-  
t ra t ion Hospital  (cour tesy of  Myron Miller, M.D.). 

Apparatus 

Before weaning at 25 days of  age, pups were housed 
with their  mothers  in wire mesh cages (28.8 × 43.2 x 
24.0 cm) with wood shavings for bedding. After  weaning, 
animals were housed by sex in groups of  two to five in the 
same wire mesh cages wi thout  the wood shavings. Animals 
were maintained on Purina Lab Chow and tap water  
th roughout  the exper iment .  Lights were on for 12 hr/day,  
tempera ture  maintained at 22 + 2°C and the air was 
humidif ied  during the winter  months.  

Twenty- four  hr water intakes were measured by individ- 
ually housing the animals in steel test cages (24.0 x 16.8 x 
14.4 cm) with hardware cloth tops and bot toms.  Two,  
1 0 0 m l  drinking tubes graduated in 0 . 2 m l  units were 
at tached to each cage with steel drinking spouts. 

Urine samples were collected by suspending the indi- 
vidual cages over a luminum foil. A 0.2 ml sample of  urine 

was analyzed for osmolal i ty  on a Precision Osmet te  
osmometer .  

Procedure 

On the day of  birth (Day 0), litters were al ternately 
assigned to either the vasopressin or the control  (Oil) 
condit ion.  Each li t ter was culled so that  l i t ter size was 
be tween  6 and 10 pups inclusively. The pups were 
identif ied by clipping the nails of  the digits. When the ears 
developed,  rats were ear-punched to facilitate identifi-  
cation. 

Beginning with Day 0, the pups received vasopressin or 
cont ro l  injections.  F rom Day 0 through Day 9, VP animals 
received daily inject ions of  0.25 U of lysine vasopressin 
(Sigma) suspended in 0.025 cc of  peanut  oil. The Oil 
animals received the oil inject ion alone. On Day 10 through 
Day 29, VP animals received 0.5 U of lysine vasopressin 
once daily in 0.1 cc of  peanut  oil while the Oil animals 
received only the oil injections. VP dosage selection was 
made with the object ive to normalize water  turn-over in D1 
rats [10, 15, 20] .  Inject ions were made subcutaneously  in 
the nape of  the neck. Day 29 was the last day of  VP or Oil 
t rea tments  to the subjects. 

Day 0, 7, 14, 21, 28, 42, and 70, animals were weighed 
and their  body length (not including the tail) was measured. 
Through Day 21, body weights were measured to the 
nearest 0.1 g. Thereafter ,  measures were made to the 
nearest g. All body length measures were made to the 
nearest ram. The Day 70 measure was taken while the 
animal was ether  anaesthetized.  

Water intakes were measured for a 24 hr period between 
Days 27 28, 4 1 - 4 2 ,  and 6 9 - 7 0 .  On Day 27, the recording 
period began immedia te ly  after the t rea tment  injections 
had been made. Measures were taken to the nearest 0.1 ml. 
Food was ad lib during this test. 

Urine samples were collected for measuring urine os- 
molali t ies on Days 28, 42 and 70, 1 hr fol lowing injection 
on Day 28. If a sample of adequate  volume had not been 
collected in one hr, the urine collecting procedure  was 
repeated the fol lowing day. Food and water  were not  
present  during the urine collect ing session. 

The procedure  of  breeding a HZ with a Dl rat of the 
Brat t leboro strain yields offsprings which are ei ther  DI or 
HZ [21] .  All the pups of  a l i t ter were assigned to either the 
VP or the Oil group. Therefore,  including sex, there were 
eight groups in the study (2 genotypes  × 2 sexes x 2 
t reatments) .  Table 1 shows the sample size of  each group. 

Water intakes and urine osmolali t ies were taken so that 
the HZ and DI rats could be distinguished. The Day 70 data 
for these two measures was subjected to a log transform 
and then scat terplot ted.  The 115 animals fell into one of  
two dist inct  distr ibutions,  except  for three animals which 
were discarded from the data analysis. Animals with urine 
osmolali t ies less than 3 5 0 m  Osm/Kg and 2 4 h r  water 
intakes over 50 ml were classified as DI and the o ther  
animals were classified as HZ. The urine osmolal i ty  criteria 
is the same as what has been used previously [16] .  The 
second criteria was added here since 24 hr water intake and 
urine osmolal i ty  were highly correlated (males, r = .91: 
females, r = - . 8 8 ) .  

RESULTS 

All data were compute r  analyzed by a 3-factor (Geno- 
type, Trea tment  and Sex) analysis of variance program 
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w h i c h  h a n d l e s  u n e q u a l  cel l  s izes  ( B M D O 5 V ) .  Pos t  h o c ,  
pa i rw i se  c o m p a r i s o n s  o f  m e a n s  we re  m a d e  u s i n g  t he  T u k e y  
(a) p r o c e d u r e  [ l l l .  

Body Weight 

T h e  o n l y  d i f f e r e n c e  in b o d y  w e i g h t s  o n  D a y  0 was  a 
s i g n i f i c a n t  G e n o t y p e  m a i n  e f f e c t ,  F = 4 . 8 3 ,  p < 0 . 0 5 .  T h e  
H Z  a n i m a l s  w e i g h e d  m o r e  t h a n  t h e  DI a n i m a l s  ( T a b l e  1 ). 

O n  D a y  28 ,  all t h r e e  m a i n  e f f e c t s  were  s i g n i f i c a n t .  HZ  
a n i m a l s  w e i g h e d  m o r e  t h a n  DI a n i m a l s  (F  = 7 0 . 0 6 ,  
p < 0 . 0 0 1 )  a n d  m a l e s  w e i g h e d  m o r e  t h a n  f e m a l e s  (F  = 7 . 7 3 ,  
p < 0 . 0 1 ) .  T h e  T r e a t m e n t  e f f e c t  (F  = 5 .24 ,  p < 0 . 0 5 )  m u s t  be 
e x a m i n e d  b y  t a k i n g  i n t o  a c c o u n t  t h e  G e n o t y p e  x T r e a t -  
m e n t  i n t e r a c t i o n  (F  = 2 1 . 1 5 ,  p < 0 . 0 0 1 ) .  VP  h a d  t he  e f f e c t  
o f  l o w e r i n g  t h e  H Z ' s  b o d y  w e i g h t  ( p < 0 . 0 5 )  b u t  V P  d id  n o t  
s i g n i f i c a n t l y  i n c r e a s e  t h e  DI ' s  b o d y  w e i g h t  ( p >  0 .05 ) .  

A t  D a y  70 ,  HZ  a n i m a l s  w e i g h e d  m o r e  t h a n  DI a n i m a l s  
(F  = 1 3 3 . 1 3 ,  p < 0 . 0 0 1 ) ,  m a l e s  w e i g h e d  m o r e  t h a n  f e m a l e s  
(F  = 1 7 6 . 3 2 ,  p < 0 . 0 0 1 ) ,  b u t  t h e  t r e a t m e n t  e f f e c t  was  n o t  
s i g n i f i c a n t .  

Body Length 

T h e r e  we re  n o  s i g n i f i c a n t  d i f f e r e n c e s  in b o d y  l e n g t h  o n  

D a y  0. At  D a y  28 ,  H Z  a n i m a l s  were  l o n g e r  t h a n  DI a n i m a l s  
(F  = 4 5 . 5 5 ,  p < 0 . 0 0 1 )  a n d  m a l e s  were  l o n g e r  t h a n  f e m a l e s  
(F  = 10 .28 ,  p < 0 . 0 1 ) .  Aga in ,  t h e  t r e a t m e n t  e f f e c t s  (F  = 
5 .57 ,  p < 0 . 0 5 )  h a d  to  be  i n t e r p r e t e d  b y  t h e  G e n o t y p e  x 
T r e a t m e n t  i n t e r a c t i o n  (F = 10 .17 ,  p < 0 . 0 1 ) .  VP  d e c r e a s e d  
t h e  b o d y  l e n g t h  o f  t h e  H Z  a n i m a l s  ( p < 0 . 0 5 )  wh i l e  t h e  DI 
a n i m a l s '  b o d y  l e n g t h  was  n o t  s i g n i f i c a n t l y  i n c r e a s e d  
(Tab l e  2).  

O n  D a y  70 ,  b o d y  l e n g t h  was  g r e a t e r  in HZ  a n i m a l s  t h a n  
DI a n i m a l s  (F  = 1 6 1 . 8 7 ,  p < 0 . 0 0 1 )  and  m a l e s  g r e a t e r  t h a n  
f e m a l e s  (F  = 1 1 3 . 3 4 ,  p < 0 . 0 0 1 ) .  T h e  G e n o t y p e  x T r e a t -  
m e n t  i n t e r a c t i o n  was  s i g n i f i c a n t  (F  = 4 . 3 7 ,  p < 0 . 0 5 )  b u t  
p o s t  h o c  t e s t s  fa i led  to  f ind  V P  d i f f e r e n t i a l l y  a f f e c t i n g  
G e n o t y p e .  

Water Intake 

T w e n t y - f o u r  h r  w a t e r  i n t a k e s  t a k e n  o n  D a y  28 s h o w e d  a 
s i g n i f i c a n t  G e n o t y p e  e f f e c t  (F  = 1 3 9 . 7 2 ,  p < 0 . 0 0 1 ) ;  DI 
a n i m a l s  d r a n k  m o r e  t h a n  H Z  a n i m a l s .  T h e  G e n o t y p e  × 
T r e a t m e n t  i n t e r a c t i o n  was  s i g n i f i c a n t  (F  = 6 . 9 7 ,  p < 0 . 0 1 ) ,  
b u t  p o s t  h o c  t e s t s  fa i led  to  f ind  a n y  s i g n i f i c a n t  d i f f e r e n c e s  

T A B L E  1 

BODY WEIGHT (g) 1N HZ AND DI RATS TREATED WITH VASOPRESSIN OR OIL 

Group N Day 0 Day 7 Day 14 Day 21 Day 28 Day 42 Day 70 

DI-VP-Male 12 5.7 ± 0.5* 12.8 ± 1.1 24.0 ± 2.9 33.7 ± 5.6 56.7 ± 7.5 109.0 ± 11.1 182.7 ± 20.9 
DI-Oil-Male 9 5.6 ± 0.5 13.2 ± 1.6 19.9 ± 4.0 31.6 ± 5.5 52.4 ± 10.0 97.6 ± 7.6 179.7 ± 15.4 
HZ-VP-Male  13 6.0 ± 0.7 14.0 ± 1.8 25.6 ± 2.0 35.0 ± 3.8 59.1 ± 5.1 127.6 ± 9.4 225.9 ± 21.7 
HZ-OiI-Male 19 6.1 ± 0.6 16.1 ± 2.7 28.8 ± 4.6 42.3 ± 6.0 72.1 ± 10.5 138.9 ± 14.8 251.4 ± 31.5 
Dl -VP-Female  9 5.4 ± 0.7 12.8 ± 2.1 24.1 ± 4.7 31.8 ± 6.6 51.9 ± 10.2 84.0 ± 9.7 138.9 ± 20.1 
DI-Oil-Female 15 5.7 ± 0.5 12.8 ± 2.7 20.3 ± 5.2 29.2 ± 5.6 45.8 ± 7.7 81.1 ± 15.6 138.1 ± 18.5 
HZ-VP-Female  19 5.7 ± 0.5 13.0 ± 1.4 24.7 ± 2.5 35.7 ± 3.9 60.1 ± 5.5 113.6 ± 8.2 177.8 ± 13.4 
HZ-OiI-Female 16 5.8 ± 0.7 15.0 ± 2.6 28.0 ± 4.0 42.0 ± 5.4 68.0 ± 8.7 123.4 ± 10.3 177.2 ± 18.6 

*Mean ± Standard Deviation.  

T A B L E  2 

BODY LENGTH (mm) IN HZ AND DI RATS TREATED WITH VASOPRESSIN OR OIL 

Group Day 0 Day 7 Day 14 Day 21 Day 28 Day 42 Day 70 

DI-VP-Male 48.4 _+ 1.7" 69.0 ± 2.8 87.6 ± 4.4 103.7 ± 6.6 126.1 ___ 5.6 153.4 ± 6.5 192.8 ± 4.9 
Dl-Oil-Male 48.4 ± 1.4 68.1 ± 2.7 79.0 ± 9.6 104.1 ± 7.8 124.8 ± 10.2 148.7 ± 3.3 187.9 ± 4.9 
HZ-VP-Male  48.8 ± 2.3 71.5 ± 3.9 91.2 ± 4.2 106.5 ± 5.5 128.5 ± 4.0 163.3 ± 5.4 206.6 ± 8.1 
HZ-Oil-Male 49.2 ± 1.6 73.9 ± 4.6 94.1 ± 5.3 115.1 ± 7.9 138.4 ± 10.0 164.0 ± 6.5 211.5 ± 8.6 
DI-VP-Fernale 47.6 ± 2.2 63.2 ± 7.6 87.4 ± 5.4 102.4 ± 8.6 122.0 ± 6.9 140.4 ± 6.6 178.4 ± 9.0 
DI-OiI-Female 48.8 ± 1.3 67.3 ± 4.5 82.7 ± 8.6 101.3 ± 8.0 118.6 ± 7.5 140.4 ± 9.1 177.4 ± 7.2 
HZ-VP-Female  48.5 ± 1.5 69.1 ± 4.0 89.3 + 3.2 106.3 ± 4.6 128.4 ± 5.3 154.9 ± 4.5 193.6 ± 5.7 
HZ-Oil-Female 48.2 ± 2.2 70.9 ± 6.0 91.1 ± 7.4 112.3 ± 6.6 133.6 ± 6.3 156.8 ± 6.6 194.8 ± 5.4 

*Mean ± Standard Deviation.  
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in water  intake caused by VP, test ing within each geno type  
(Table 3). 

Water intakes on Day 70 d e m o n s t r a t e d  that  DI animals 
drank more  than  HZ animals (F = 587.55, p < 0 . 0 0 1 ) .  
Significant T rea tmen t  (F = 98.79, p < 0 . 0 0 1 )  and G en o t y p e  
x T rea tmen t  (F = 82.34, p < 0 . 0 0 1 )  ef fec ts  showed that  VP 
did not  have a un i form act ion on the two genotypes .  VP 
had no ef fec t  on water  in takes  in the HZ animals but  it 
greatly increased water  intakes in D1 animals (p< 0.01 ). 

Urine Osmolality 

On Day 28 urine osmolal i t ies  were greater  in HZ animals 
than DI animals (F = 106.38, p < 0 . 0 0 1 )  and the G e n o t y p e  
x T rea tmen t  in te rac t ion  was significant (F = 51.53,  
p<0 .001) .  Inspec t ion  of  the data (Table 3) showed that  VP 
greatly increased the urine osmolal i t ies  of  the DI animals 
(p<0 .01) ;  whereas,  VP decreased the urine osmolal i t ies  of  
the HZ animals (p<0 .05) .  

For  urine osmolal i t ies  on Day 70, HZ animals were 
greater  than DI animals (F = 204.03,  p < 0 . 0 0 1 ) ,  VP animals 
less than Oil animals (F = 19.49, p < 0 . 0 0 1 ) ,  and males 
greater  than females (F = 7.66, p<0 .01 ) .  A significant 
G e n o t y p e  x Trea tmen t  in terac t ion  indicated tha t  urine 
osmolal i t ies  in HZ animals were lowered by VP to a greater 
ex t en t  than they  were in DI animals (p<0 .05) .  

DISCUSSION 

Admin i s t r a t ion  of  VP during the first m o n t h  of  life did 
no t  correc t  the def ic iency in g rowth  rate seen in the DI 
rats. At least two in te rp re ta t ions  are possible.  Ei ther  g rowth  
h o r m o n e  def ic iency,  no t  VP def ic iency with the 
a t t enden t  in te rac t ions  with g rowth  h o r m o n e  release or with 
food ut i l izat ion,  is the real cause of  the re tarded growth ,  or 
the dosage of  VP used here was inadequate  to comple te ly  
relieve the VP def ic iency.  The lat ter  conclusion seems 
unlikely for  several reasons.  First,  the dosages used (0.25 
and 0.5 U/day)  far exceed the daily ou tpu t  of  normal  
Long-Evans rats whose mean daily urinary excre t ion  of  VP 
was found  to be 4.5 m U / d a y  [13] .  The 0.5 U/day  dosage 
exceeds  the  mean VP con t en t  of  the pos ter ior  pi tui tary of  
normal  rats [16] .  Secondly ,  the VP dosages used p roduced  
urine osmolal i t ies  in DI rats which  were three t imes as high 
as those  observed in oi l- t reated DI rats (Table 3). This 
dosage was found  adequate  to lower 2 4 h r  ad lib water  

intakes in adult  DI rats [10, 15, 20] ;  however,  in our 
28-day old rats only a nonsignif icant  t rend toward reduc- 
t ion of  water  intake was no ted  fol lowing VP t rea tment .  

It seems reasonable to conclude tha t  the re tarded growth  
rate as seen in DI rats is due to a def ic iency in growth  
h o r m o n e  which may be caused by a metabol ic  def ic iency 
o the r  than  lack of  VP. Since VP inject ion did not  produce  
significant growth ,  there is no evidence to suppor t  e i ther  
the hypothes i s  that  VP is needed for g rowth  ho rmone  
release or that  DI rats cannot  utilize food because of 
dehydra t iona l  status. If renal deve lopment  in DI rats 
proceeds  at the same rate as in normal  rats, then the 
k idneys  should have been responsive to exogenous  dosages 
of  VP within the first week of  life [6] .  This probabi l i ty ,  
coupled with the large dosage given, makes it likely that  the 
renal def ic iencies  of  the DI rats were probably  relieved for 
at least a por t ion  of each day, thus making it unlikely that  
the re tarded growth  is hypocalor ic  dwarfism resulting from 
an inabil i ty of  the DI rat pup to ingest and metabol ize  milk 
wi thou t  becoming  dehydra ted .  It should be pointed  out,  
however,  that  the urine osmolali t ies were de te rmined  one 
hr af ter  inject ion when impact  of the daily VP injection 
may have been part icularly strong. 

A n o t h e r  indicat ion of  the eff icacy of  the VP injections 
comes f rom an unexpec ted  finding. The VP inject ions made 
during the first 30 days of  life p roduced  deleter ious  changes 
in water  metabol i sm which endured until at least Day 70. 
VP-injected DI rats showed higher water  intakes and lower 
urine osmolalit ies.  A similar trend was seen in HZ rats 
(Table 3). 

Thus, VP inject ions  in the first m o n t h  of life not  only 
failed to el iminate the def ic iency in the growth  rate, but 
may have, in some unexplained way, exacerba ted  the 
deficiencies in water  metabol ism of the DI rat. For 
VP-treated DI rats (males and females combined) ,  mean 
water  intake was 199% more than intake of  oil-injected DI 
rats and mean urine osmolal i ty  of the former  was 6Y:; of 
the latter.  Fur the rmore ,  mean urine osmolal i t ies  for VP- 
t reated HZ rats were lower than those of  oil-injected HZ at 
Days 28 and 70 even though  water  intakes were not  
di f ferent .  We have no explanat ion  for the observed 
dele ter ious  effect  of  VP. 

This s tudy provides the first indicat ion that  the DI rat is 
smaller than the HZ rat at birth,  showing that  the 
character is t ics  of  pos tnata l  nut r i t ion  cannot  be comple te ly  

T A B L E  3 

24-HR WATER INTAKE IWI) IN MILLILITERS AND URINE OSMOLALITY (OSM) IN mOSM/Kg 1N HZ AND DI RATS TREATED WITH 
VASOPRESSIN OR OIL 

Day 28 Day 42 Day 70 
Group WI OSM Wl OSM WI OSM 

DI-VP-Male 46.3 _+ 22.3* 1104.6 ± 364.1 148.6 + 31.4 144.7 ± 27.7 209.4 ± 43.5 151.9 + 37.8 
DI-OiI-Male 53.8 ± 13.6 271.8 _+ 69.9 59.0 _+ 16.9 287.2 ± 55.8 97.7 _+ 28.9 227.6 _+ 59.9 
HZ-VP-Male 20.8 ± 3.5 1354.3 ± 602.8 33.7 ± 9.0 1055.3 ± 370.9 35.4 ± 10.3 1219.5 ± 455.2 
HZ-OiI-Male 20.3 ± 3.2 1776.7 ± 489.0 27.3 ± 7.6 1471.3 _+ 506.3 30.6 ± 9.8 1598.6 _+ 444.2 
DI-VP-Female 36.0 + 15.1  1081.3 ± 308.4 124.9 ± 22.0 140.2 ± 26.9 198.8 +_ 51.6 143.2 ± 26.0 
DI-OiI-Female 49.9 ± 14.2 292.7 ± 69.5 62.1 ± 24.3 328.3 ± 111.0 105.5 ± 20.1 242.0 + 55.0 
HZ-VP-Female 21.6 ± 4.7 1290.2 ± 468.9 29.8 ± 9.2 1041.8 ± 344.5 39.8 + 10.8 864.3 + 371.7 
HZ-OiI-Female 19.0 ± 3.4 1729.8 -+ 527.6 23.8 ± 3.1 1330.0 ± 293.2 22.1 ± 7.3 1363.3 ± 635.6 

*Mean ± Standard Deviation. 
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responsible  for the re tarded growth.  Perhaps the def ic iency 
of g rowth  h o r m o n e  seen in the adult  [1,17] is also present  
in the fetus.  

The two measures  of  body  size, weight  and length,  
yielded approx ima te ly  the same relat ionship in this s tudy.  
This indicates  that  g rowth  d i f ferences  in DI rats compared  
to HZ rats were not  due to the a m o u n t  of  body  fat 
accumula ted ,  but  were due to p ropor t iona l  d i f ferences  in 

rate of  g rowth  of  the body ,  including the bones.  Tail 
lengths were also measured.  These data were not  presented.  
The same significanct d i f ferences  and relat ionships  were 
found  with all three  measures  - weight,  body  length,  tail 
length - fur ther  suppor t ing  the no t ion  that  g rowth  
h o r m o n e  def ic iency is the key to re tarded growth  in DI 
rats. 
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