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MENENDEZ-PATTERSON, A., S. FERNANDEZ, J. FLOREZ-LOZANO AND B. MAR[N. l',yJ'e¢'t oJ'early pre- and 
p,~'tnatal ~u'quir,'d tnalnutrition on de~'elopment and sexual t~ehavi~Jr itt the rat. PHARMAC. BIOCHEM. BEHAV. 17(4) 
65%664, 1982.--In this paper we attempt to elucidate the effects on the rat offspring of undernourishment during pregnancy 
and lactation on the following parameters were examined: weight at birth and its evolution over a three-month period, 
sexual behavior of adult males, vaginal opening and sexual cycle of females, blood sugar, blood proteins, hematocrit, 
natremia, potassemia, body weight and weight of testicles, seminal vesicles and adrenal glands in males 5 months of age. 
Our results indicate highly significant decreases in body weight in experimental animals over a period of three months. 
Vaginal opening in experimental females is significantly delayed and their estrous cycle is shortened. Male sexual behavior 
shows decreases in neuromotor activity and prolongation of the refractory period in experimental male animals. Of the 
parameters monitored at 5 months of age, only blood sugar levels were significant decreased in experimental male rats. In 
view of these results, it can be concluded that in utero and lactation period malnutrition affects fundamental parameters of 
both development and reproductive function in the offspring. 
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PERINATAL malnutrition has been shown to reduce DNA 
content, modify acetylcholinesterase activity, alter cerebral 
biogenic amines [I, 18, 30, 36] and produces changes in 
bioelectrical activity of the brain [21]. Learning and behav- 
ioral changes are also common after malnutrition. Various 
authors [14,26] found a significant decrease in the learning 
capacity of adult rats subjected to a protein-deficient diet 
during gestation. Similar results were obtained by Barnes 
and coworkers [31 and by Cowley and Griesed 171, who 
found that early malnutrition in the rat permanently affects 
learning capacity. 

In 1920, Jackson and Stewart 1151 found that malnutrition 
induced prior to weaning caused a reduction in brain weight 
which persisted even after adequate nourishment had been 
restored to the experimental animals. These results were 
later confirmed by Dobbing and Widdowson [11], and Dob- 
bing and Sands I10]. They further noted, that animals sub- 
jeered to early malnutrition evidenced a disproportionately 
small brain, with a significant reduction in the number of 
nervous cells. Recently, Sanchez-Turet and coworkers [25], 
noted a significant reduction in the learning capacity of rats 
which had been undernourished during their gestational and 
lactation periods. Such learning defects, however, could be 
due to effects on motor coordination and exploratory activity 
[24,28]. Also, Levine and Wierner [19] report that rats de- 
prived of adequate nourishment during the lactation period 
display increased emotionality and aggressiveness [221. 

Clinically it has been shown that children with protein 
deficiency syndrome show psychomotor retardation, as well 
as abnormalities in language development, oculo-manual 
coordination, and categorization and visuo-perceptual abili- 
ties [8]. 

Other authors [12] have recently demonstrated that early 
nutritional and/or affective deprivation has a "'braking af- 
fect" on growth and intellectual development, significantly 
delaying the age at menarche and limiting the intellectual 
level [4]. With respect to sexuality, malnutrition or early 
undernourishment seems to effect human reproductive proc- 
esses. The components of fertility (age at menarche and 
postpartum amenorrhea) are clearly altered in women on 
protein-poor and calories-poor diets [4]. However, other var- 
iables which affect fertility (age at menopause, prevalence of 
permament sterility, regulation of ovulation, quality and 
quantity of sperm, intrauterine death, etc.) appear to be less 
altered by chronic malnutrition [41. 

Based on these data, we attempted to study the effects of 
in utero and lactation period malnutrition in the rat. using 
metabolic, nervous, growth and behavioral parameters, in- 
cluding the sexuality of the animals themselves once they 
reached sexual maturity. We were particularly interested in 
the effects of malnutrition in utero and during lactation, 
given that previous studies investigated the effects of mal- 
nutrition solely during the lactation period and prior to sex- 
ual maturity. 
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T A B L E  l 

EFFECT OF EARLY PRE- AND POSTNATAL ACQUIRED MALNUqRFIION ON BODY WEIGHT (g) 

Control Experimental 

Age Males (A) Females (B) Males (C) Females (D) t p 

Birth 

I Week 

2 Weeks 

I Month 

2 Months 

3 Months 

5.83 _~ 0.06* 
171 

13.15 _+ 0.21 
161 

23.43 ± 0.83 
161 

75.06 + 3.43 
161 

240.50 _- 8.04 
161 

332.93 - 9.93 
161 

5.48 t 0.10 4.86 • 0.06 4.51 ± 0.09 A v s C  9.33 0.001 
(18) (33) (34) B vs D 6.29 0.001 

12.30 L 0.21 8.35 "_ 0.20 7.48 ± 0.23 A vs C 14.23 0.001 
(181 (33) (29) B v,, I) 14.29 (I.(101 

23.47 - 0.80 11.71 ~ 0.50 10.38 :_ 0.54 A vs C 12.76 0.001 
(181 (29) (26) B vs 11 13.76 0.001 

71.36 z 2.73 39.96 , 1.15 36.8(I ± 1.27 A vs C 11.35 0.001 
(181 (25) (211 B vs D 11.98 0.001 

186.27 -z_ 3.73 187.30 ÷ 6.87 129.37 " 5.96 A v s C  11.56 0.0(11 
(18) (24) (20) B vs 1") 8.29 0.0(11 

225.77 "_ 3.29 264.10 -'- 8.36 164.12 _~ 6.59 A vs C 4.79 0.001 
(181 (24) (20) B vs D 9.37 0.(X)I 

*Mean ,_ SE. In parentheses, the number of animals studied. 

METHOD 

A n ima/ s  

Wis t a r  ra ts  f rom the  ln te r facu l ty  D e p a r t m e n t  of  Physiol-  
ogy [Medic ine  and  Sc ience)  of  Oviedo  Un ive r s i ty  were  used.  
The  an imal s  were  r andomly  se lec ted  and  ma in ta ined  unde r  
s t anda rd  cond i t ions  o f  light (12L-12D) ,  and  t e m p e r a t u r e  
(23-+3°C); the an imals  had  free acces s  to d r ink ing  wa te r  and  
were  fed a s t anda rd  diet .  

Pro('edltre 

A total  of  15 females  were  p laced in th rees  in sepa ra te  
cages ,  wi th  one  male  per  cage,  for  th ree  days .  Af ter  this  t ime 
the  male  was r e m o v e d  f rom the  cage.  Nine  of  these  females  
were  used as expe r imen t a l  an ima l s  and  six as cont ro l s .  Dur- 
ing the i r  p r e g n a n c y  the  fo rmer  were  fed a daily diet  of  14 
g rams  of  diet  [25], while the  la t ter  had free access  to food. 
The  pups  of  all females  were  weighed  and  coun t ed  at bir th.  

The  diet  of  the e x p e r i m e n t a l  females  dur ing  the  lac ta t ion  
per iod was 21 g rams  per  day [25]. During this  per iod,  the 
mor ta l i ty  ra te  of  the  suckl ing an imal s  was  s t r iking (31-34%,). 
It was  imposs ib le  to wean  t h e m  at 20 days  due to the i r  
m a r k e d  s ta te  of  u n d e r n o u r i s h m e n t :  the re fore ,  the  weaning  
was de layed  ten days  more .  Af ter  this  t ime C20 days) ,  they 
were  pe rmi t t ed  free acces s  to the  s t andard  diet .  The  weight  
of  each  animal  was  r ecorded  at b i r th ,  and  at ages o f  one  
week ,  two weeks ,  one  m o n t h ,  two m on t hs ,  th ree  m o n t h s  and 
immedia te ly  p reced ing  sacrif ice at five and six m o n t h s  of  
age. The  age of  vaginal  open ing  was r eco rded  in all an imals ,  
e x p e r i m e n t a l  and  cont ro l .  The i r  sexual  cycle  was also eval-  
ua ted  by s tudy ing  vaginal  cy to logy  in lavages ob t a ined  for at 
least  20 c o n s e c u t i v e  days .  In addi t ion ,  this  gene ra t ion  of  
females  was mated  with intact  males  se lec ted  at r a n d o m ,  to 
o b s e r v e  the i r  pe rcen t age  of  p r egnancy  and  the effects  of  the 
u n d e r n o u r i s h m e n t  on  the  weight  and  n u m b e r  of  the i r  off- 
spring.  The  sexual  b e h a v i o r  of  all four  m o n t h  old males  was 
o b s e r v e d  with females  which  had been  in jected with es- 
t radiol  b e n z o a t e  (10 txg) 48 hou r s  before  tes t ing,  to insure  
sexual  recept iv i ty .  

The  sexual  b e h a v i o r  test  was car r ied  out  by the me thod  
of  Soula i rac  [29]. B e h a v i o r  was o b s e r v e d  in a box 
( 6 2 . 5 × 6 0 . 5 x 3 0  cm) con ta in ing  five males  and four females .  
One  hour  was the s t andard  test  length and the lk)llowing 
p a r a m e t e r s  were recorded:  N u m b e r  of  in t romiss ions  per  
minu te ,  n u m b e r  of  e jacu la t ions ,  r e f rac to ry  period and 
n e u r o m o t o r  act ivi ty .  The  n e u r o m o t o r  act ivi ty is r ep re sen t ed  
by the re la t ionsh ip  b e t w e e n  the  n u m b e r  of  in t romiss ions  
p reced ing  e jacula t ion  and  the la tency o f  e jacula t ion:  that  is, 
the  t ime in minu tes  f rom first in t romiss ion  until  e jacula t ion  
occurs .  It permi ts  the ob jec t ive  eva lua t ion  of  the var ia t ion  in 
n e u r o m o t o r  act ivi ty .  

The  basal  physical  act ivi ty of  an imals  was s tudied in an 
" 'Ac t i sys t em ' "  a p p a r a t u s  (Panlab .  Pb-06031. Cont ro l  and ex- 
pe r imenta l  an ima l s  were  placed in the c e n t e r  of  the two sen- 
sory  uni ts  of  the Ac t i sys tem.  They  were  s tudied s imulta-  
neous ly  in g roups  of  two in the i r  habi tual  cages.  The  animals"  
m o v e m e n t s  were  r ecorded  on a cen t ra l  coun te r .  The  exper i -  
ment  was c o n d u c t e d  in a c losed room dur ing  the noc tu rna l  
cycle ,  thus  ach iev ing  maximal  s i lence dur ing the  12 hours  of  
obse rva t ion .  The  sens i t iv i ty  used was 3, a th resho ld  which  
se lec ted  only for the most  in tense  and rapid m o v e m e n t s .  The  
d iverse  g roups  of  an imals  were  re tcs ted  in o rde r  to insure  the 
grea tes t  possible  accu racy  in the results .  

All an imals  were  sacr i f iced at the same t ime of  the  day,  
and immedia te ly  b lood g lucose  levels  were  de t e rmined  by 
the g lucose  oxidasc  me thod ,  and total  b lood pro te ins  by the 
Biuret  me thod .  Sod ium and po tass ium were  measu red  by 
f lame pho tome t ry .  

RESUI.TS 

The  effects  of  malnu t r i t ion  dur ing  fetal d e v e l o p m e n t  and 
the lacta t ion per iod on the weight  of  offspr ing from bir th  to 
th ree  m o n t h s  of  age are r ecorded  in Table  I. This  exper i -  
men ta l  s i tua t ion p roduces  a sha rp  dec rease  in weight  
t h r o u g h o u t  d e v e l o p m e n t .  No signif icant  d i f fe rences  in the 
n u m b e r  of  pups  at b i r th  were obse rved :  the n u m b e r  of  males  
per  l i t ter  was  5.66; the n u m b e r  of  females  was 6.00, and in 



E A R L Y  M A L N U T R I T I O N  A N D  S E X U A L  D E V E L O P M E N T  661 

T A B L E  2 

EFFECT OF EARI.Y PRE- AND POSTNATAL ACQUIRED MALNUTRITION IN FEMALE RATS ON VAGINAL OPENING. 
ESTROUS CYCI.E. PERCENTAGE OF PREGNANCY AND WEIGHT OF PUPS 

Control Experimental  t p 

Vaginal Opening 39.85 _' 0.90 (18)* 44.80 _+ 0.85 (20) 3.97 0.001 

(days) 
Es t rous  Cycle 4.464 + 0.091 (56) + 3.666 ± 0.16 (60) 4.20 0.001 

Percentage of  
Pregnancy 83">;" 95f4 Z 1.2 N.S. 

Weight of  Pups 

Control Experimental  

Age Males (A) Females  (B) Males (C) Females  (D) t I' 

5 Days 10.96 ± 0.14" 10.60 _ 0.20 9.71 - 0.19 9.63 ± 0.18 A vs C 4.40 0.(X)I 
(55) (59) (102) 187) B vs D 3.49 0.001 

*Mean ± S.E. In paren theses ,  the number  of  animals  studied. 
)Mean  , S.E. In parentheses ,  the number  of  cycles  studied. 

e x p e r i m e n t a l  g r o u p  t he  n u m b e r  o f  m a l e s  p e r  l i t te r  w a s  5 .50  
a n d  n u m b e r  o f  f e m a l e s  w a s  5 .66 .  

In T a b l e  2, t he  e f f ec t  o f  u n d e r n o u r i s h m e n t  on  v a g i n a l  
o p e n i n g ,  e s t r o u s  c y c l e  a n d  p e r c e n t a g e  o f  p r e g n a n c i e s  is re-  
c o r d e d .  T h i s  e x p e r i m e n t a l  s i t u a t i o n  r e s u l t s  in a h i g h l y  s igni f -  
i can t  d e l a y  in t he  t i m i n g  o f  v a g i n a l  o p e n i n g .  ] ' h e  s e x u a l  cy -  
c l e s ,  w h i c h ,  a l t h o u g h  v e r y  r e g u l a r ,  a r e  s h o w n  to be  s igni f i -  
c a n t l y  s h o r t e n e d  in r e l a t i on  to t h e  c o n t r o l  a n i m a l s  d u e  to 

T A B L E  3 

EFFECT OF EARLY PRE- AND POSTNATAl. ACQUIRED 
MAI.NUTRITION ON SEXUAL BEHAVIOR OF MALE RATS. 

FIRST AND SECOND EJACULATION 

Control Experimental  t p 

NE 4.40 "- 0.63(10)* 3.90 _- 0.47 
l.i 16.20 ". 4.23 (10) 10.50 "- 3.68 
l.e, 11.00_+ 1.17(10) 10.60 _- 0.97 
f, 16.40 ± 2.31 (10) 7.00 ± 1.24 
v, 10.90 ± 1.76110) 9.40 ~ 1.46 
Pr, 3.50 '- 0.40 110) 6.30 ± 0.87 
ANM, 2.55 _+ 0.22 (10) 1.58 ± 0.19 

l,e~ 4.33 "- 0.31 (9) 4.33 -' 0.72 
f~ 6.44 ± 0.93 (9) 2.44 ± 0.54 
ve 5.33 .t 0.47 (9) 5.77 _- 0.49 
Pre 4.44 ± 0.54 (9) 5.77 :z 0.51 
ANM:  2.70 ~- 0.22 (9) 2.17 "_ 0.32 

10) 0.75 N.S. 
10) 1.01 N.S.  
10) 0.26 N.S.  
10) 3.57 0.(X)I 
10) 0.65 N.S. 
10) 2.91 0.(X)l 
10) 3.30 O.(X)I 

(9) 0.00 N.S.  
(9) 3.70 O.(X)I 
(9) 0.65 N.S. 
(9) 1.77 N.S.  
(9) 1.35 N.S. 

*Mean ± S.E. N u m b e r  of tes ts  in parentheses .  
N E = N u m b e r  of  ejaculat ions during 60 min. 
Li = ln t romiss ion latency (min). 
Le=Ejacu la t ion  latency tmin). 
f= False intromission.  
v =True  intromission.  
Pr = Refractory period. 

/ f , v 

--co )" A N M - N e u r o m o t o r  activity t 

s h o r t e n e d  d i e s t r u s .  N o  s i g n i f i c a n t  d i f f e r e n c e s  ex i s t  in t h e  
p e r c e n t a g e  o f  p r e g n a n c i e s .  T h e  o f f s p r i n g  o f  t h e  e x p e r i m e n t a l  
r a t s  d i s p l a y e d  s i g n i f i c a n t l y  l o w e r  w e i g h t s  t h a n  t h o s e  o f  t h e  
c o n t r o l  o f f s p r i n g .  

T h e  p a r a m e t e r s  o f  m a l e  s e x u a l  b e h a v i o r  a r e  p r e s e n t e d  in 
T a b l e s  3 a n d  4. A l t h o u g h  a d e c r e a s e  in t he  n u m b e r  o f  e j a c u -  
l a t i o n s  is o b s e r v e d  in e x p e r i m e n t a l  m a l e s ,  it is no t  s igni f i -  
c a n t .  T h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  in the  f o l l o w i n g  pa-  
r a m e t e r s :  f a l se  i n t r o m i s s i o n s  (f, a n d  f~. d e c r e a s e d ) ,  
n e u r o m u s c u l a r  a c t i v i t y  ( A N M ,  a n d  A N M ~ ,  d e c r e a s e d )  a n d  
r e f r a c t o r y  p e r i o d  [Pr~ a n d  Pr~ p r o l o n g e d ) .  

T A B L E  4 

EFFECT OF EARLY PRE- AND POSTNATAL ACQUIRED 
MAI.NUTRITION ON SEXUAl. BEHAVIOR OF RATS. THIRD 

AND FOURTH EJACULATION 

Control Experimental  t I' 

I.e 5.37 ± 0.93 (8)* 4.12 _- 0.90 (8) 0.95 N.S. 
f., 10.62 + 3.41 18) 4.25 + 1.54(8) 1.69 N.S. 
v:, 5.75 _" 0.94 (8) 5.87 )_ 0.62 (8) 0.11 N.S.  
PG 4.62 + 0.4318) 7.12 ± 0.8318) 2.65 0.01 
ANM:t 3.00 _+ 0.21 18) 2.54 : 0.1018) 1.91 N.S. 

I.e~ 3.62 '- 0.52 18) 4.42 +_ 0.60 (8) 1.00 N.S. 
1", 5.25 + 1.79 (8) 3.28 + 1.08 (8) 0.90 N.S. 
v~ 5.37 ± 0.52(8)  6.85 ± 0.62 (8) 1.83 N.S.  
Pr, 5.25 ~ 0.42 (8) 7.57 - 0.60 (8) 3.22 0.001 
ANM~ 3.14 + 0.33 (8) 2.28 ~_ 0.20 (8) 2.10 0.05 

*Mean ± S.E. N u m b e r  of tests  in parentheses .  
Le = Ejaculation latency (min). 
f= False intromission.  
v - T r u e  intromission.  
Pr-  Refractory period. 

t f - v )' ANM = Neuromoto r  activity t 
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T A B L E  5 
F F F E C T  O F  EARLY PRE- AND P O S T N A T A L  A C Q U I R E D  MAI ,NUTRITION IN 
MALE RATS ON BODY WEIGHT AND PROPORTIONATE WEIGHT OF TESTICLES.  

SEMINAL VESICI.ES AND A D R E N A L S  '~ 

Weights Control Experimental t p 

Body Weight 373.80 ":- 13.85" 374.70 . 11.43 0.(15 N.S. 
(g) (15) (24) 

Testicles 0.85 , (I.02 0.84 _+ 0.01 0.22 N.S. 
(e~ Bw) (15) (24) 

Seminal Vesicles 0.14 _+ 0.003 0.15 , 0.00 0.00 N.S. 
(e~ Bw) (151 1241 

Adrenal Glands 10.12 = 0.83 11.04 -* 0.47 1.03 N.S. 
1% Bwx If?) ~15) 1241 

*Mean --- S.E. In parentheses, the number of the animals studied. 
-The animals were sacrificed at the 5th month. 

T A B L E  6 
EFFECT OF EARLY PRE- AND POSTNATAL ACQUIRED MALNUTRITION IN MALE 

RATS ON BI.OOD SUGAR,  PROTEINS.  HEMATOCRIT,  SODIUM AND 
POTASSIUM IN BLOOD+ 

Control Experimental t p 

Blood Sugar 99.60 _+ 4.47 (131" 84.66 _+ 3.36 (24) 2.66 0.05 
(mg/dl) 

Proteins 6.34 +_ 0.29 (15) 6.04 _+_ (I.09 (24) 1.15 N.S. 
(g/dll 

Hematocrit 47.93 , 0.86 (15) 47.41 , 0.43 1241 0.59 N.S. 
Sodium 157.55 ,- 2.96 (151 155.53 4. 2.38 122) I).53 N.S. 

(meq/I) 
Potassium 5.65 _-z_ 0.14 ( 151 5.89 :r- 0.10 (19) 1.38 N.S. 

(meq/l) 

*Mean _+_ S.E. In parentheses, the number of determinations. 
~The animals were sacrificed at the 5th month. 

These  are significant statistical differences in regard to 
basal physical  act ivi ty,  with undernour ished animals display- 
ing greater  motor  act ivi ty than control  animals ( t=2.40;  
p ~0.05). 

Table  5 shows the weight of  the animals at sacrifice, and 
the weight (expressed in % of  body weight) of  the testicles,  
seminal vesicles and adrenal  glands. No  significant differ- 
ences  are observed .  

In Table 6 the values for blood sugar, total proteins,  
hematocr i t ,  sodium and potass ium at the t ime of  sacrifice are 
recorded.  Significant differences are present  only in the 
blood sugar, which is higher in the control  animals.  

DISCUSSION 

The model  of  undernour ishment  utilized in our  work 
produces  a highly significant decrease  in the weight of  all 
exper imenta l  animals,  from birth up to three months of  age 
(Table 1). Similar  effects  have been found by other  authors 
[14,16]. Howeve r ,  in the case of  the males at five to six 

months  of  age (Table 5) these differences have disappeared 
which coincides  with the results of  others  1161. 

Sexual maturi ty of  the females,  measured by the age 
when vaginal opening is noted ('Fable 2) is significantly de- 
layed by undernour ishment  in utero and during the lactation 
period. The role of  physical growth in sexual maturi ty is 
quite well known [13,20]; changes that slow down physical 
growth delay sexual maturi ty in humans as well as in rats 
[14]. Many have concluded that onset  of  puberty is more 
closely related to body size than to a particular age, and still 
more closely related to rate of  growth than to a preestab- 
lished weight.  However ,  other  data on the timing of vaginal 
opening do not all agree with our  results [2, 13, 17, 23, 34]. 
Nonethe less .  we must bear  in mind that results can be af- 
fected by various factors,  such as laboratory condit ions,  
technique for causing undernour ishment  and even the age at 
which these condit ions are applied. The majority of  re- 
searchers  produce undernutr i t ion during birth and lactation 
while we have applied it during pregnancy as well. Also,  if 
we observe  the duration of  the sexual cycle (Table 21, we can 
see that it is significantly shortened in exper imental  animals.  
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These  resul ts  could be expla ined by higher levels o f  p lasma 
FSH noted  in undernour i shed  rats [141. 

Regarding male sexual behav ior  (Tables 3, 4), as meas-  
ured by the num ber  of  e jaculat ions,  exper imenta l  animals  
show a dec rease  when compared  to control  animals ,  but this 
is not significant.  In fact the model  o f  sexual behavior  re- 
mains practically unchanged.  Also we must  bear  in mind that 
three  months  have e lapsed since the animals  d iscont inued  
the malnutri t ion diet,  and at the end of  this per iod,  their  body 
weight  is res tored ,  as is weight o f  the genital and extragenital  
s t ruc tures  (Table 5). None the l e s s ,  some paramete rs ,  such as 
neu romoto r  activity (ANM, ,  ANM4) and ref rac tory  period 
(Pr~, Pr:, and Pr.0 are al tered by unde rnour i shmen t .  
N e u r o m o t o r  activity be tween  ejaculat ions is dec reased  and 
the ref rac tory  period increased.  These  modif icat ions  could 
indicate possible  neurological  d i sorders ,  bearing in mind the 
signif icance of  these  pa ramete r s  [29]. This co inc ides  with 

o the r  data,  which point out that .  while the effects  o f  early 
unde rnour i shmen t  can be cor rec ted  by reinst i tut ing a nutriti- 
ous diet,  the animals '  r educed  brain weights  and neural al- 
tera t ions  remain [32, 33, 35]. Perhaps  the brain can adapt  
i tself  to short  per iods  of  unde rnour i shmen t  delaying certain 
types  of  deve lopmen t .  But if this delay takes place during a 
period of  rapid brain growth ,  the damage  could be irreversi-  
ble [6]. In addi t ion,  possible  cerebral  changes  could be indi- 
cated by increased basal motor  activity recorded  in the ex- 
per imental  animals:  this coincides  with the data found in the 
l i terature [27, 31,331. 

With regard to the metabol ic  parameters  s tudied (blood 
sugar,  prote ins ,  hematocr i t ,  sodium and potass ium),  statisti- 
cally significant modif icat ions were  found only in blood 
sugar ¢Table 6) which was dec reased  in the exper imenta l  
animals.  Low blood sugar can cause a dec reased  metabol ic  
activity in neurons  of  undernour i shed  animals [9,10l. 
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