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SUMMARY 

This study was initiated to determine the histopathological and 

cytochemical effects of maternal protein-dcficiency on fetal and neonate 

spinal cords of squirrel monkeys (Saimlri sciureus) . 

Female squirrel monkeys were arranged in a breeding colony with 

proven males, and watched over three estrus cycles. Pregnant monkeys 

were randomly distributed Into three groups and fed Purina monkey chow 

25 for about days after conception during which time organogenesis 

was thought to be completed. Subsequently, two experimental groups were 

fed restricted specially prepared protein deficient diets of k percent 

and 8 percent content respectively while the control group had essentially 

the same diet except that the protein content was 25 percent. and all 

feeding was ad libitum. 

A comprehensive examination in light microscopy of spinal cord 

sections during gestation a r I parturition for the effects of protein 

restriction was done. Cytochemical variations in enzyme activity on 

fresh and fixed frozen sections as well as histochemical changes In 

the morphology of paraffin embedded sections were studied. 

The observations showed severe in si_ u char ;es in the morphologic 

and biochemical organization of spinal cord neurons during Intra­

uterine development of the experimental animals. There was pronounced 

chromatolysis of ribonucleoprotein complex in the neuroplasm while 

the nucleus showed reduced stainability with nuclear stains of hema­

toxylin -eosin, Peulgen and gallocyanin with RJIAse digestion as control. 
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Many neurons exhibited disorganization within chem while others had a 

general disorientation and condensation of chromatin material 

resulting In pycnotic, nuclei staining. An increase in the amounts of 

neuroglia surrounding ohromatolysed neurons was noted. 

The activities of several enzymes were examined and results 

showed variable distribution. Some activity apparently was disturbed 

(ATPase) or reduced (AC, IDPase and TPPase) while other distribution 

appeared in increased (LDH, SDH and a-Gly-PDK) and some remained 

unchanged (AchE and AK). 

The conclusion has been reached that protein-deficiency of 

pregnant mothers affects ihe fetal and neonatal squirrel monkey's 

spinal cord development. It would seem that extremely severe 

malnutrition results in an overwhelming distortion of the spinal cord 

and that such a distortion can not be resisted by the juvenile 

spinal cords. The possibility exists that protein deficiency at 

periods of active spinal cord growth and development (intrauterine 

maturation) may cause permanent deficits if it is severe and of long 

duration. 
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CHAPTER I 

INTRODUCTION 

P r o t e i n m a l n u t r i t i o n d u r i n g pregnancy i n mammals r e p r e s e n t s a 

r a t h e r complex a d a p t a t i o n o f b o t h the m a t e r n a l and f e t a l o r g a n s , not 

o n l y to l o w p r o t e i n i n t a k e s b u t a l s o to a l t e r e d t i s s u e b i o c h e m i c a l 

m e t a b o l i s m . The r e d u c e d p r o t e i n l e v e l s i n the m a t e r n a l d i e t induce 

v a r i o u s p a t h o p h y s i o l o g i c a l and p a t h o b i o c h e m l c a l a l t e r a t i o n s i n the 

d e v e l o p i n g embryos . I n t r a u t e r i n e p r o t e i n d i f i c i e n c y a p p e a r s to. 

a d v e r s e l y a f f e c t the c e n t r a l nervous sys tem's p r o t e i n s y n t h e s i z i n g 

mechanism i n a d d i t i o n to c a u s i n g n e r v e c e l l number r e d u c t i o n and 

a d e c r e a s e i n s i z e . I n t e r f e r e n c e w i t h the i n t r a c e l l u l a r enzyme 

mechanisms may r e s u l t i n p a t h o l o g i c a l changes w i t h i n the n e u r o n . 

Subhuman p r i m a t e s p r o v i d e a s u i t a b l e model i n which the 

p a t h o g e n e s i s o f k w a s h i o r k o r may be s u i t a b l y r e p r o d u c e d under d e f i n e d 

d i e t a r y c o n d i t i o n s and the l e s i o n s i n d u c e d c a r e f u l l y s t u d i e d . 

M a l n u t r i t i o n I n e x p e r i m e n t a l an imals may p r o v i d e some r e l e v a n t d a t a 

tha t can be e x t r a p o l a t e d t o the human c o n d i t i o n s r e s u l t i n g from 

s i m i l a r m a l n u t r i t i o n . U n l i k e o t h e r s p e c i e s , the d e v e l o p i n g subhuman 

p r i m a t e s have a r e l a t i v e l y s l o w growth r a t e and a g r a d u a l development 

of a w ide v a r i e t y o f b e h a v i o r s . The p r o c e s s e s and s t a g e s o f d e v e l o p ­

ment i n subhuman p r i m a t e s a r e s i m i l a r t o those found I n human 

development and show g r e a t r e semblance to those of c h i l d r e n ( H . F . 

H a r l o w , 1959; M. K . H a r l o w and H a r l o w , I966; K e r r , e t . a l . , I969). 
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THE DEVELOPING RHESUS MONKEY, FOR EXAMPLE, DOES NOT ATTAIN A MAXIMUM 

LEVEL OF INTELLECTUAL DEVELOPMENT UNTIL SEXUAL MATURITY WHILE SOCIAL 

BEHAVIOR CONTINUES TO DEVELOP AND CHANGE FROM INFANCY THROUGH ADOLESCENCE 

TO ADULTHOOD. 

THE SQUIRREL MONKEY, A SUBHUMAN PRIMATE, BECAUSE OF ITS SIZE, 

AVAILABILITY, EASE OF HOUSING AND FEEDING IN COMPARISON TO OTHER LARGE 

PRIMATES PROVIDES AN EXCELLENT MODEL TO STUDY PROTEIN DEFICIENCIES 

DURING FETAL CENTRAL NERVOUS SYSTEM DEVELOPMENT. THE SIMULATION OF 

CONDITIONS SIMILAR TO THOSE IN HUMAN KWASHIORKOR IN SQUIRREL MONKEYS 

MAY HELP TO DELINEATE SOME ASPECTS OF PROTEIN DEFICIENCY. THE SQUIRREL 

MONKEY IS A HARDY ANIMAL AND CAN ACCOMMODATE PROTEIN MALNUTRITION IN A 

MANNER REFLECTIVE OF the HUMAN CONDITIONS. THE SQUIRREL MONKEY 

GESTATION PERIOD IS APPROXIMATELY 167 DAYS WHICH MEANS CITS GROWTH 

RATE IS SLOWER THAN OTHER EXPERIMENTAL SPECIES SUCH AS THE RAT WITH A 

GESTATION PERIOD, OF 21 DAYS . 

The PRESENT STUDY WAS INITIATED TO INVESTIGATE THE SPINAL 

CORDS OF MALNOURISHED SQUIRREL MONKEY FETUSES AND NEONATES AFTER 

EXPERIMENTAL MATERNAL PROTEIN MALNUTRITION. THE SPECIFIC PURPOSE WAS 

TO STUDY IN A COHERENT MANNER THE HISTOPATHOLOGICAL AND CYTOCHEMICAL 

ALTERATIONS INDUCED IN SPINAL CORDS OF FETAL AND NEONATAL OFFSPRINGS 

WHOSE MATERNAL AD LIBITUM DIET INTAKES AT PREGNANCY CONTAINED h PER­

CENT AND 8 PERCENT PROTEIN-CALORIE WHILE THE CONTROL DIET CONTAINED 

25 PERCENT PROTEIN-CALORIC CONTENT. 

WHEREAS, 25 PERCENT AND h PERCENT PROTEIN CALORIES IN THE DIET 

REPRESENT QUITE HIGH AND VERY LOW LEVELS OF PROTEIN, A GROUP GIVEN 
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8 p e r c e n t c a l o r i e s was i n t r o d u c e d i n o r d e r to see i f they compensate 

f o r t h e i r d e f i c i e n c y hy i n c r e a s i n g the t o t a l f o o d i n t a k e . Manocha 

(unpubl i shed , d a t a ) r e v e a l e d t h a t i n the foods c o n t a i n i n g l o w e r p r o t e i n 

c o n t e n t , the t o t a l f o o d i n t a k e i s somewhat I n c r e a s e d to compensate to 

some e x t e n t f o r the p r o t e i n d e f i c i e n c y under the impact and demand of 

the g r o w i n g f e t u s f o r more body b u i l d i n g m a t e r i a l s . Somewhat s i m i l a r 

o b s e r v a t i o n s on the m i l k i n t a k e have been r e c o r d e d i n the g r o w i n g 

rhesus i n f a n t s b y K e r r and Waisman (1970) . They found t h a t when the 

an imals were f e d the 1:1 d i l u t i o n o f the c o n t r o l d i e t ( c o n t a i n i n g p e r 

l i t e r : 2$.k gm f a t , 7°-5 gm l a c t o s e , 18.2 gm p r o t e i n , and 5-2 gm 

m i n e r a l s ) , they" immediate ly d o u b l e d t h e i r ad l i b i t u m i n t a k e , r e a c h i n g 

about 300 p e r c e n t o f the normal volume i n t a k e p e r k i l o g r a m body 

w e i g h t d u r i n g the f i r s t two montns and be tween 300-400 p e r c e n t o f the 

normal volume i n t a k e d u r i n g the r e s t o f the d e f i c i e n c y phase o f the 

e x p e r i m e n t , " which ex tended t o two y e a r s o f t h e i r a g e . 

The s t u d y was c o n s i d e r e d s i g n i f i c a n t b e c a u s e the p a r a m e t e r s 

s e l e c t e d r e p r e s e n t e d important m e t a b o l i c s i g n p o s t s w i t h i n the s p i n a l 

c o r d c y t o a r c h i t e c t u r e , e s p e c i a l l y i n r e l a t i o n to n e u r o n a l f u n c t i o n . 

H y d r o l y t i c enzymes c a t a l i z e d e p h o s p h o r y l a t i n g a c t i v i t y through 

rep lacement b y w a t e r o f p e p t i d e e s t e r bonds w h i l e o x i d a t i v e enzymes 

f u n c t i o n i n the r e a c t i o n s t h a t e v e n t u a l l y l i b e r a t e e l e c t r o n s from 

b i o c h e m i c a l s u b s t r a t e s . A c e t y l c h o l i n e e s t e r a s e has I n t i m a t e a s s o c i a t i o n 

w i t h a c e t y l c h o l i n e , the l a t t e r b e i n g i n v o l v e d w i t h nerve impulse 

t r a n s m i s s i o n . The q u e s t i o n asked was what b e a r i n g d i e t a r y p r o t e i n 

r e s t r i c t i o n had on the normal development and f u n c t i o n a l m a t u r i t y o f 

the c e l l u l a r components . 



CHAPTER I I 

REVIEW OP LITERATURE 

P r o t e i n M a l n u t r i l i o n 

P r o t e i n m a l n u t r i t i o n remains an overwhelming and p r e v a i l i n g 

n u t r i t i o n a l d e f i c i e n c y . The p r o b l e m i s i d e n t i f i a b l e not o n l y i n 

d e v e l o p i n g n a t i o n s b u t h a s , I n r e c e n t t i m e s , b e e n a s s o c i a t e d w i t h even 

the t e c h n o l o g i c a l l y advanced c o u n t r i e s ( B e h a r , 1968; J e l l i f f e , 1963)• 

P r o t e i n d e f i c i e n c i e s , as r e v e a l e d b y human and a n i m a l s t u d i e s , have 

been l i n k e d w i t h p r o b a b l e permanent changes i n c o g n i t i v e development 

and i n the f i n a l l e v e l o f i n t e l l e c t u a l growth (Brockman and 

R i c c i u t t i , 1971J C r a v i o t o a n d R o b l e s , 1 9 6 5 ) . E s t i m a t e s s u g g e s t e d t h a t 

up to 7 0 p e r c e n t o f the p r e s c h o o l c h i l d r e n i n d e v e l o p i n g c o u n t r i e s , 

a r e i n a l l p r o b a b i l i t y , s u f f e r i n g f r o m some form of p r o t e i n - c a l o r i e 

m a l n u t r i t i o n ( C o u r s i n , 1965 ; Manocha, 1972). 

J e l l i f f e , (1963) f i r s t d e s i g n a t e d p r o t e i n - c a l o r i e m a l n u t r i t i o n 

as a v a r i a b l e c l i n i c a l syndrome, and l a t e r , the J o i n t E x p e r t Committee 

on N u t r i t i o n o f the FAO/WHO (1962) con f i rmed i t . D e s c r i b e d as 

k w a s h i o r k o r , p r o t e i n m a l n u t r i t i o n may r e f e r t o a wide r a n g e o f p h y s i o ­

l o g i c a l c o n d i t i o n s whose c l i n i c a l m a n i f e s t a t i o n s a r e a s s o c i a t e d 

p r i m a r i l y w i t h c h i l d r e n who have h a d e x t e n s i v e m a i n o u r i s h m e n t . 

E d o z i e n (1970) has i n d i c a t e d t h a t p r o t e i n d e f i c i e n c y , i n i t s most 

s e v e r e f o r m , i s o n l y I d e n t i f i e d i n c o n j u n c t i o n w i t h o t h e r types o f 

d i s o r d e r s . M i l d forms o f p r o t e i n d e f i c i e n c y may b e f a r more common 
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and probably less detectable although these may cause devastating 
damage to young children. The syndrome oC protein malnutrition 
appears to develop as a result of imbalanced diet in the fetus 
and early childhood. The diet may be adequate in carbohydrates to 
supply calories but insufficient in protein content. 

Despite variability in the manifestation of kwashiorkor 
syndromes, significant features have been established. Waybourne 
(1968) indicates irritability and resentfulness In moderate cases 
while apathy, misery and lethargy are significantly expressed in 
extreme pathologic states (Latham, 1968; Waybourne, 1968). Several 
investigators note retarded growth (Gopalin, 1968; Whitehead and Dean, 
1964) and motor development (Gerber and Dean, 195Y j Waterlow, 
Cravioto, and Stephen, i960) in apparent kwashiorkor. Loss of appetite, 
reduced curiosity and inhibited explorative behavior, coupled with 
psychological disturbances are also constant manifestations of the 
syndrome (Clark, 1951; Trowell, et al., 195̂ ; Cravioto, 1970) . The 
child shows a lack of Interest In his surroundings and has a very 
limited attention span (Burgess and Dean, 1971)- In chronic cases, 
edema (Srikantia, 1968), brittle and sparse hair, (jeliiffe and Welbourn, 
1963; Monckeberg, 1968; Trowell, Davis and Dean, 195̂ ; Viteri et. 
al., 196̂ )5 light coloured skin (Waybourne, 1968) with flaky rash 
(Trowell, Davis and Dean, 195̂ -; Jeliiffe, 1955) may develop. A 
synergistic relationship exists between secondary infection and protein 
deficiency. Kwashiorkor may be further complicated by infestations 
and infections as severe anemia In hookworm infection, dehydration in 
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infective diarrhea and tuberculosis signs in the chest (jelllffe and 

Welbourn, 19&3)• 

Kwashiorkor may he regarded as a multiple etiology syndrome 

with a single pathogenesis. Lactating mothers, and children are 

more susceptible to protein deficiency because of the higher 

requirements for proteins needed as precursors in the synthesis of 

new body building blocks (WHO, 1965). The studies of Cabak and Najdanvic 

(1965) showed that, despite apparent normal physical measurements, 

children malnourished In Infancy and born of malnourished mothers, 

had inferior mental capacity. Children with histories of under­

nourishment show inability to integrate sensory information (Cravioto 

and Robles, 1965). Even if such children become rehabilitated, the 

results of some permanent alteration in mental development is indicated 

by inadequate performance as measured by the Gessell Infant Scale. 

(Gerber and Dean, 1957)- Cravioto and Robles (1965) found that 

areas of motor development, adequate responses, language, personal 

and social development were not equally affected. 

Malnutrition and Central Nervous System Development 

Nutrition and the central nervous system development have been 

experimentally associated since the turn of the century. Donaldson, 

et al. carried out extensive investigations of the effects of 

malnutrition on the nervous system of adult and young rats (Jackson, 

1925)• Brain weights of weaned rats suffered very little from 

malnutrition (Hatai, 1908; Donaldson, 1911; Jackson, 1915)- Stewart 

(1918) and Sugita (1918) independently observed that malnutrition 
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i n i t i a t e d be tween b i r t h and weaning p r o d u c e d r a t b r a i n s t h a t we ighed 

b e l o w normal f o r t h e i r c o r r e s p o n d i n g b o d y w e i g h t s . Keys and coworkers 

(1950) i n v e s t i g a t e d v o l u n t e e r a d u l t human s u b j e c t s under c o n d i t i o n s 

o f s e v e r e m a l n u t r i t i o n and c o n c l u d e d t h a t menta l per formance l e v e l s 

were r e d u c e d i n the s u b j e c t s . The e f f e c t , h o w e v e r , was t r a n s i t i o n a l 

i n n a t u r e , and r e h a b i l i t a t i o n removed the t r a n s i t o r y e f f e c t s . The 

a d u l t c e n t r a l nervous sys tem was not s u b j e c t to permanent s t r e s s 

r e s u l t i n g from m a l n u t r i t i o n . 

E x p e r i m e n t a l e v i d e n c e has s i n c e accumulated to s u p p o r t these 

e a r l i e r f i n d i n g s ( B a r n e s , 196';'; C ours i n , 1968; D o b b i n g , 1968, 19&9; 

1970; M i l l e r , 1969; P i a t t and S t e w a r t , 1969; S t e w a r t , 1970; W i n i c k , 

I969,1970b,c). M a l n u t r i t i o n , i t a p p e a r s , may r e t a r d the p r o c e s s o f 

c e n t r a l nervous system deve lopment , e s p e c i a l l y i f i t a p p l i e d d u r i n g 

the a c t i v e phase o f c e l l d i v i s i o n . Dobbing (1968) i n d i c a t e d t h a t i n 

p i g s and r a t s m y e l i n a t i o n was permanent ly reduced b y m a l n u t r i t i o n 

d u r i n g b r a i n deve lopment . He conc luded t h a t the b r a i n , a t I t s most 

a c t i v e p r o l i f e r a t i v e phase o f g r o w t h , was v e r y v u l n e r a b l e to 

n u t r i t i o n d e f i c i e n c y . 

Most o f the s t u d i e s r e v i e w e d s u g g e s t t h a t m a l n u t r i t i o n , 

e s p e c i a l l y m a t e r n a l , I n t e r f e r e s w i t h i n t r a u t e r i n e growth and 

development o f the f e t u s . A l t h o u g h i t would seem t h a t the f e t u s 

i s p r o t e c t e d b y the m a t e r n a l env ironment , the m o t h e r ' s c o n d i t i o n 

o f h e a l t h and n u t r i t i o n a t p r e g n a n c y may a d v e r s e l y a f f e c t i t s 

development ( W i n i c k , 1968)- The b r a i n i s e s p e c i a l l y v u l n e r a b l e 

s i n c e most o f i t i s formed p r e n a t a l l y . The s t u d i e s o f W i n i c k and N o b l e 



( 1 9 6 6 ) and W i n i c k and Rosso ( I 969 ) show that t o t a l DHA content i s 

r educed i n c h i l d r e n and r a t s s u b j e c t e d t o e a r l y m a l n u t r i t i o n . T h i s 

can be e x p l a i n e d i n terms o f the c u r t a i l m e n t o f c e l l d i v i s i o n d u r i n g 

the a c t i v e c e l l p r o l i f e r a t i o n s t a g e o f the c e n t r a , ! nervous system 

deve lopment . The peak p e r i o d o f human c e n t r a l nervous sys tem g r o w t h 

i s p r e n a t a l ( D o b b i n g s , 19&9) and m a l n u t r i t i o n i n i t i a t e d d u r i n g 

p r e g n a n c y i s more l i k e l y to y i e l d permanent damage to the b r a i n and 

s p i n a l c o r d ( W i n i c k , 1 9 6 9 ) • The t i m i n g o f m a l n u t r i t i o n a p p e a r s to be 

s i g n i f i c a n t , w h e r e a s , a d u l t b r a i n s may s u f f e r t r a n s i t o r y e f f e c t s 

o n l y ( K e y s , e t a l . , 1 9 5 9 ) 5 the i n f a n t c e n t r a l nervous system i s v e r y 

v u l n e r a b l e . M i l l e r ( 1968) d e s c r i b e d the b r a i n as s o l e l y r e s p o n s i b l e 

f o r p e r c e p t i o n , l e a r n i n g , p r o b l e m s o l v i n g and r e g u l a t i n g a number 

o f f i t a l p h y s i o l o g i c a l and e n d o c r i n o l o g i c a l f u n c t i o n s i n the b o d y . 

Airy permanent damage t o the c e n t r a l nervous system w o u l d a d v e r s e l y 

a f f e c t i t s c a p a c i t y t o p e r f o r m t h e s e f u n c t i o n s . A l t h o u g h the a d u l t 

b r a i n a p p e a r s to b e "spared" when compared to o t h e r o r g a n s i n 

n u t r i t i o n a l d e f i c i e n c i e s , the f e t a l b r a i n and s p i n a l c o r d would, seem 

to b e a d v e r s e l y a f f e c t e d d u r i n g g e s t a t i o n . The f u n c t i o n a l Impairments 

t h a t a r e l i k e l y t o r e s u l t , may p r o d u c e more s e r i o u s consequences i n 

l a t e r l i f e . I n a d d i t i o n , the dynamic e q u i l i b r i u m e x i s t i n g w i t h i n 

the c e l l u l a r components o f the b r a i n i s a l s o u p s e t such t h a t the RNA 

and p r o t e i n s y n t h e s i z i n g mechanisms become d i s o r i e n t e d . W i n i c k , et a l . , 

(1969) f u r t h e r i n d i c a t e that the c e l l number and I n d i v i d u a l c e l l s i z e 

i s r e d u c e d p e r m a n e n t l y i f m a l n u t r i t i o n i s i n i t i a t e d d u r i n g i n t r a ­

u t e r i n e g r o w t h . 



9 

The impairment that r e s u l t s from m e t a b o l i c i n a d e q u a c i e s o f 

m a t e r n a l f o o d s u p p l y , e s p e c i a l l y i n the a v a i l a b l e p r o t e i n p r e c u r s o r s 

w i t h i n the g r o w i n g f e t u s , may l a t e r he r e f l e c t e d i n r e t a r d e d menta l 

per formances ( C r a v i o t o , e t a l . , 19^5; C r a v i o t o , 1970). M a l n u t r i t i o n 

o f the p r e g n a n t mother can have d e v a s t a t i n g consequences i n the o f f ­

s p r i n g i n l a t e r l i f e . 

M o r p h o l o g i c a l a l t e r a t i o n s occur i n v a r i o u s o r g a n s i n c l u d i n g 

the b r a i n and s p i n a l c o r d of an imals a f t e r p r o t e i n m a l n u t r i t i o n 

( D o b b l n g , 1965; D o b b i n g and Widdowson, 1965; W I n i c k and N o b l e , 1966; 

B e n t o n , et a l . , 1966; C h a s e , e t a l . , 1967) . Cats ( F e r r a r o and 

B o i z i n , 19^2), p i g s ( L u i and V M n d l e , 1950; Piatt and S t e w a r t , i960: 

Lowery , e t a l . , 1962; P i a t t , et a l . , 1965; D i c k e r s o n , e t a l . , 1966; 

S t e w a r t and P i a t t , 1968) and dogs ( p l a t t and S t e w a r t , 1969) seem to 

have s i m i l a r s t r u c t u r a l e f f e c t s from p r o t e i n m a l n u t r i t i o n . These 

a l t e r a t i o n s a r e more m a g n i f i e d i f the an imals a r e m a l n o u r i s h e d 

p r e n a t a l l y d u r i n g t h e i r p e r i o d s o f r a p i d g r o w t h . 

P i g b r a i n s , a f t e r one y e a r o f m a l n u t r i t i o n , c o n t a i n h i g h e r 

c h o l e s t e r o l l e v e l s b u t r e s e m b l e b r a i n s o f 10-12 week o l d p i g l e t s 

( D i c k e r s o n , e t a l . , 1966). S p i n a l c o r d s o f m a l n o u r i s h e d p i g s show 

marked m o r p h o l o g i c a l a l t e r a t i o n s i n the a n t e r i o r horn neurons ( S t e w a r t 

and P l a t t , 1968), w h i l e the b r a i n t i s s u e i s edamatous and m y e l i n sheaths 

a r e s w o l l e n . P l a t t and S t e w a r t (1969) o b s e r v e d l o s s o f H i s s l s u b ­

s t a n c e from the motoneurons and concoirjibant h i g h e r numbers o f n e u r o ­

g l i a l c e l l s around such neurons i n m a l n o u r i s h e d d o g s . There i s l o s t o r 

reduced enzyme a c t i v i t y ( g l u t a m i c and s u c c i n i c d e h y d r o g e n a s e s ) and 
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c u r t a i l m e n t o f RNA content w i t h i n the motoneurons o f these m a l n o u r i s h e d 

d o g s . I t i s i n e v i t a b l e t h a t t h e s e derangements i n n e u r o n a l s t r u c t u r a l 

may have f u n c t i o n a l s i g n i f i c a n c e s . 

1'he un ique b i o l o g i c a l p r o p e r t i e s o f the n e u r o n , p a r t i c u l a r l y 

r e g a r d i n g the dynamics o f t h i s s p e c i a l i z e d c e l l , I n d i c a t e t h a t 

concepts b a s e d on o b s e r v a t i o n s o f the deve lopmenta l p r o c e s s e s o f o t h e r 

c e l l types need not b e v a l i d f o r the n e r v e c e l l ( W e i s s , 1969)• 

U l t r a v i o l e t s p e c t r o g r a p h ! c and v o l u m e t r i c s t u d i e s have l e d to the con­

c l u s i o n t h a t the embryonic mammalian n e r v e c e l l s , u n l i k e o t h e r somat ic 

c e l l s , p a s s through a second p e r i o d of g r o w t h , c h a r a c t e r i z e d b y con­

t i n u o u s a c c u m u l a t i o n o f n u c l e o l a r and c y t o p l a s m i c n u c l e o t i d e s and 

p r o t e i n s (Hyde*n, 19^-3) • S i m i l a r changes have b e e n n o t e d i n embryos o f 

c h i c k a n t e r i o r horn c e l l s w i t h r e g a r d s to n e u r o n a l mass and n u c l e i c 

a c i d content ( S o u r a n d e r , 1963; Hughes , 1955) • B r a t t g a r d (1952)n o t i c e d 

i n r a b b i t r e t i n a l g a n g l i o n c e l l s d i f f e r e n c e s o f n u c l e o p r o t e i n 

and p r o t e i n c o n c e n t r a t i o n s i n young and a d u l t o r s t i m u l a t e d and u n ­

s t i m u l a t e d a n i m a l s . R i n g b o r g (1966) i n d i c a t e s s i m i l a r changes i n 

ERA content and i n b a s e c o m p o s i t i o n o f p y r a m i d a l c e l l s o f r a t 

h ippocampus . 

S i n c e S u g i t a (1918) r e p o r t e d the r e d u c t i o n I n s i z e o f c o r t i c a l 

neurons i n r a t s u n d e r n o u r i s h e d from b i r t h and S t e w a r t , e t a l . , (1969) 

have o b s e r v e d c o n s i s t e n t a b n o r m a l i t i e s i n s p i n a l motoneurons o f 

p r o t e i n d e f i c i e n t p i g s and d o g s , i t i s p e r t i n e n t t h a t p r e n a t a l p r o t e i n 

r e s t r i c t i o n s b e examined i n o t h e r s p e c i e s i n o r d e r to determine i f 

m o r p h o l o g i c a l and f u n c t i o n a l changes o c c u r . A l t h o u g h , as p o i n t e d out 
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by Altaian and Das (1966) ,rat macroneurons tend to form prenatally in 
contrast to glial cells which continue cell division postnatally, 
the very short gestation period and fast maturity of rats would 
preclude extrapolation of data obtained from rats to ' .man studies . 
A similar conclusion may be reached with regards to pigs, dogs and 
other similar species used in malnutrition studies. 

Protein Malnutrition and Subhuman Primates 
The protein requirements of subhuman primates have not been 

determined accurately. However, Hodson, et. al. (1967) noted serum and 
urine changes of growing chimpanzes which suggest mild protein 
deficiency. De la Iglesia, el al. (1967) indicated that a soybean 
diet supplemented with methionine produced satisfactory growth of 
young squirrel monkeys. Day (1962) concluded from studies of young 
growing and adult rhesus monkeys that the protein requirements of 
the young were far greater than those of adult monkeys. On the other 
hand, Kerr, et al. (1969) noted that protein needs were reduced as 
month-old rhesus monkeys matured to one year of age. 

The quality of protein has an immense effect on the utilization 
of dietary nitrogen (Allison, 1964; Munro, 1964). Anemia has 
resulted from interference with intestinal iron absorption in young 
rhesus monkeys fed a diet containing soy protein (Fitch, et al., 
1964) . Infant monkeys fed a diet in which maize provided the only 
source of protein developed apathy, hypoproteinemia and edema (Fullis, 
1957)• Rhesus monkeys fed a diet deficient in phenylalanine demon­
strated growth failure, hypoporteinemia, edema and anemia that were 
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c o r r e c t e d "by b i o l o g i c a l l y h i g h q u a l i t y p r o t e i n or b y the a d d i t i o n o f 

p h e n y l a l a n i n e to the d i e t ( K e r r , e t a l . , 1969) • 

The specific r e q u i r e m e n t s o f I n d i v i d u a l an imals may depend 

on the t o t a l c a l o r i c I n t a k e , the q u a l i t y o f d i e t a r y p r o t e i n , i t s 

d i g e s t a b i l i t y , the age and g e n e r a l h e a l t h o f the i n d i v i d u a l a n i m a l , 

f e e d i n g f r e q u e n c y and s e v e r a l o t h e r f a c t o r s . The subhuman p r i m a t e 

t h a t demonstrates normal growth and normal p h y s i c a l , b i o c h e m i c a l , and 

b e h a v i o r a l development i s p r o b a b l y r e c e i v i n g adequate p r o t e i n 

i n t a k e s . The exces s i n t a k e of p r o t e i j I s not g e n e r a l l y r e c o g n i z e d 

as a s i g n i f i c a n t h e a l t h h a z a r d except i n s t a t e s o f h e p a t i c o r r e n a l 

f a i l u r e , t h e r e f o r e , i n h e a l t h y i n d i v i d u a l s , exces s i n t a k e s to a 

c e r t a i n d e g r e e w i l l p r o b a b l y not h u r t ( G a u l t , e t a l . , I968). 

H o w e v e r , I t a p p e a r s t h a t f o o d i n t a k e may b e d e p r e s s e d and growth 

r e t a r d e d when the d i e t I s e x c e s s i v e l y h i g h I n p r o t e i n content o r 

conta ins i m b a l a n c e s o f amino a c i d s ( A s h l d a and H a r p e r , 196I; 

S a n a h u j a and H a r p e r , 1962, 1963) • A l m q u i s t (195^) b e l i e v e s t h a t an 

a c c u m u l a t i o n o f amino a c i d s which can not b e s y n t h e s i z e d i n t o p r o t e i n s 

r e s u l t s i n au tomat i c impairments o f a p p e t i t e , thus r e d u c i n g the i n g e s t i o n 

o f more amino a c i d s . 

P r o t e i n d e f i c i e n c y I s a major h e a l t h p r o b l e m ( M c L a r e n , et a l . , 

1970; Scr imshaw, e t a l . , 1965) and many i n v ^ i t i g a t o r s have i n d i c a t e d 

that the s e q u a l l a e o f e x p e r i m e n t a l m a l n u t r i t i o n i n g r o w i n g subhuman 

p r i m a t e s a r e g e n e r a l l y comparab le t o those i n m a l n o u r i s h e d c h i l d r e n 

( F o l l i s , 1967; K e r r , et a l . , I 9 6 S , i960, 1970; Mann, 1966, 1970; 

R a c e l a , e t a l . , 1966 ; Ramal ingaswami , I96H-, 1968; S o o d , e t a l . , 1965; 
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Waisman, e t a l . , 1959 j G h l t i s , e t a l . , 1963; D e o , e t a l . , I965; 

W i l g r a m , 1959; W i l g r a m , e t a l . , 1958? Mann, e t a l . , 1956). From 

a l l these s t u d i e s , one may conc lude t h a t p r o t e i n d e f i c i e n c y Induces 

i n p r i m a t e s l e s i o n s t h a t c l o s e l y mimic those found i n human p r o t e i n 

m a l n u t r i t i o n . 

K e r r , e t a l . (1970) s t u d i e s o f i n f a n t rhesus monkeys f e d 

m i l k d i e t s c o n t a i n i n g o n l y 25 p e r c e n t of the normal p r o t e i n content 

but made i s o c a l o r i c w i t h l a c t o s e and f e d ad l i b i t u m i n d i c a t e growth 

f a i l u r e , anemia , a p a t h y , f a t t y l i v e r metamorphos i s , r e d u c t i o n i n 

c a r d i a c and s k e l e t a l muscle mass, and d e a t h . S u r v i v i n g animals 

showed marked p h y s i c a l and b e h a v i o r a l " c a t c h - u p " growth a f t e r 

n u t r i t i o n a l r e h a b i l i t a t i o n . A l t h o u g h m a l n u t r i t i o n i n c h i l d r e n i s 

r a r e l y the r e s u l t o f a s i n g l e d e f i c i e n c y o f d i e t a r y p r o t e i n , subhuman 

p r i m a t e s s t u d i e s may b e u t i l i z e d a d v a n t a g e o u s l y to d e f i n e the 

p a t h o p h y s i o l o g y and b i o c h e m i s t r y o f amino a c i d s as w e l l as p r o t e i n 

m a l n u t r i t i o n i n c h i l d r e n a t v a r i o u s s t a g e s o f g r o w t h and development . 

Subhuman P r i m a t e s and P r o t e i n hcquirements D u r i n g P r e g n a n c y 

D u r i n g p r e g n a n c y and l a c t a t i o n , m e t a b o l i c r a t e s r i s e and a r e 

accompanied b y augmented needs f o r e s s e n t i a l n u t r i e n t s ( B l a x t e r , 

1964; Thomson, et a l . 1970). N i t r o g e n , e i t h e r i n the form o f i n t a c t 

p r o t e i n or i t s c o n s t i t u e n t ajmino a c i d s i s needed i n g r e a t e r amounts 

f o r the s y n t h e s i s o f a l l s t r u c t u r a l o r f u n c t i o n a l p r o t e i n s . No 

d e f i n i t e d a t a a r e a v a i l a b l e on the p r o t e i n r e q u i r e m e n t s f o r p r e g n a n c y 

and l a c t a t i o n i n non-human p r i m a t e s ; h o w e v e r , Portman (1970) has 

s u g g e s t e d t h a t as i n human r e q u i r e m e n t s ( B l a x t e r , 1964), the rhesus 



monkey's needs increase about 25 percent in pregnancy and 50 percent 

for lactation- It is clearly difficult to ascertain to any measurable 

degree the protein needs occurring coincident to pregnancy. Though 

changes in the biochemical composition of the uterus, placenta, fetus 

and breast tissue indicate increased needs, many other changes occur 

in hormonal function, plasma binding proteins and. metabolic activity 

and tend to complicate the picture. 

Lehner, et al. (1967) have reported that 16 percent and 28 

percent protein diets are indistinguishable with regards to the success 

of breeding squirrel monkeys, but Buss and Reed (1970) Indicate that 

baboons fed diets of 7-2 percent protein during the later half of 

pregnancy and during lactation had less than normal breast milk 

while the growth of breast-fed Infants baboons was substandard. Kerr 

(1968) studied the free amino acids In maternal and fetal blood at 

various stages of pregnancy and indicated that with the exception of 

taurine, lysine, 3-methyl-histidine and arginine, all free amino 

acids in maternal blood were lower at full-term pregnancy than ir. 

nonpregnant adult females. Each free amino acid had a higher fetal 

blood level than that observed in maternal blood. 

Harris (1970) Has summarized in great detail the eating 

habits and nutrition of the laboratory animal while Portman (1971) 

noted the accumulated knowledge of the breeding and nutritional 

needs of the rhesus monkey. In contrast, the concise nutritional 

requirements of the squirrel monkey are not presently known but some 

investigative efforts have been made (darkson, et al., 1970; 



B u l l u c k , e t . a l . , Manning , e t . a l . , 1969; L e h n e r , e t . a l . , 

1967", Manocha and O l k o w s k i , 1972a,b; O l k o w s k i and Manocha, 1972). 
These s t u d i e s show t h a t a d u l t s q u i r r e l monkeys m a i n t a i n e d on low 

p r o t e i n d i e t s show v a r i a b l e b e h a v i o r . Animals become s l u g g i s h i n 

movement, have s p a r s e h a i r and i n d i c a t i o n s o f d e r m a t o s i s a r e e v i d e n t . 

Other changes i n c l u d e r e d u c e d chromat in and d e c r e a s e d RNA content o f 

s p i n a l c o r d motoneurons . 
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CHAPTER III 

MATERIALS AND METHODS 

ANIMALS AND BREEDING 

A COLONY OF k-0 HEALTHY, SEXUALLY MATURE, FEMALE SQUIRREL 

MONKEYS, MAINTAINED AT YERKES REGIONAL PRIMATE RESEARCH CENTER FIELD 

STATION, WAS USED FOR BREEDING PURPOSES IN OUTDOOR FACILITIES. 

SQUIRREL MONKEYS BREED BETTER IN OUTDOORS AND GOOD RESULTS HAVE BEEN 

ACHIEVED WITH THIS METHOD (CLARKSON, ET AL. 1970). ANIMALS WERE 

RANDOMLY ASSIGNED INTO GROUPS OF 1 1 OR 12 FEMALES TO ONE PROVEN 

MALE OVER A BREEDING PERIOD LASTING SEVERAL ESTRUS CYCLES. THESE 

ANIMALS WERE PROPERLY FED WITH PURINA MONKEY CHOW 25 AND WELL-CARED 

FOR DURING BREEDING. THE DAY OF CONCEPTION WAS ASCERTAINED BY 

REGULAR EXAMINATION OF VAGINAL SMEARS AS WELL AS THE PRESENCE OF 

COPULATION PLUGS. PREGNANCY WAS FURTHER ASCERTAINED BY PALPITATION 

OF THE UTERUS. BY REGULAR EXAMINATION AND PRACTICE, THE MUSCLE TONE 

OF THE UTERUS INDICATES THE PROGRESSION OF THE ESTRUS CYCLE AND 

BASED ON THE PRESENCE OF SPERMS IN THE VAGINA, IT IS POSSIBLE TO 

PINPOINT THE DAY OF CONCEPTION WITH A FAIR DEGREE OF ACCURACY. 

THIRTY-FOUR FEMALES BECAME PREGNANT OVER THREE ESTRUS CYCLES OF 

ABOUT 17 DAYS EACH. AFTER THE ANIMALS WERE PREGNANT FOR ABOUT 30 

DAYS, THEY WERE TRANSFERRED INTO AN AIR-CONDITIONED TRAILER WHICH WAS 

MONITORED FOR CONSTANT TEMPERATURE ( 7 6 U K ) , RELATIVE HUMIDITY AND 

BAROMETRIC PRESSURE. THE ANIMALS WERE RANDOMLY REASSIGNED TO A CONTROL 



group o f 12 and two e x p e r i m e n t a l groups o f 1 1 an imals e a c h . Each 

group was f u r t h e r s e p a r a t e d i n t o siib'units o f t h r e e or f o u r p e r cage 

to a l l o w f o r companionship ye t a v o i d o v e r c r o w d i n g . Each group was 

i n d i v i d u a l l y i d e n t i f i e d b y a numbered neck t a g . Throughout g e s t a t i o n , 

animals were o b s e r v e d a t l e a s t t w i c e d a i l y i n the mornings and a f t e r ­

noons f o r s i g n s o f abnormal b e h a v i o r o t h e r than t h a t i n d u c e d by 

n u t r i t i o n a l and o t h e r e x p e r i m e n t a l s t r e s s e s . The v e t e r i n a r i a n 

r e g u l a r l y examined them f o r i n f e c t i o n s d i s e a s e s . I n d i v i d u a l a n i m a l 

body w e i g h t s , f o o d and w a t e r i n t a k e s were measured a t s p e c i f i e d 

i n t e r v a l s and t h e i r cages were r e g u l a r l y c l e a n e d . 

D i e t and f e e d i n g 

The f e e d i n g regimen I n c l u d e d an i n i t i a l p e r i o d o f h'y days 

g e s t a t i o n i n which a l l p r e g n a n t an imals were f e d P u r i n a monkey chow 2 5 . 

Presumably o r g a n o g e n e s i s s h o u l d have been completed a t t h i s g e s t a t i o n a l 

a g e . The two e x p e r i m e n t a l groups were then s u b s e q u e n t l y m a i n t a i n e d on 

a p r o t e i n - d e f i c i e n t d i e t o f 8 p e r c e n t and k p e r c e n t c a s e i n r e s p e c t i v e l y 

w h i l e the c o n t r o l s were m a i n t a i n e d on a 25 p e r c e n t p r o t e i n f e e d t i l l 

e i t h e r G a e s a r e a n s e c t i o n s were p e r f o r m e d or p a r t u r i t i o n r e t u r n e d . 

The s y n t h e t i c d i e t , as s u p p l i e d b y the m a n u f a c t u r e r , was a p a l e 

y e l l o w i s h amorphous p o w d e r . The d i e t a r y c o m p o s i t i o n o f the h i g h p r o t e i n 

f o o d c o n s i s t e d o f 25 p e r c e n t c a s e i n , 6 l p e r c e n t c o r n s t a r c h , 8 p e r c e n t 

v e g e t a b l e o i l , 2 p e r c e n t B r e w e r ' s y e a s t , k p e r c e n t s a l t m i x t u r e USP #2 

( p e r 100 l b . f e e d : c a l c i u m b i p h o s p h a t c , 1 3 - 5 8 p e r c e n t ; c a l c i u m l a c t a t e , 

3 2 . 7 0 p e r c e n t ; f e r r i c c i t r a t e , 2 . 9 7 p e r c e n t ; magnesium s u l f a t e , 1 3 - 7 0 

p e r c e n t ; p o t a s s i u m p h o s p h a t e , 23 -98 p e r c e n t ; sodium b i p h o s p h a t e , 8 .72 
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percent; and sodium chloride, ^4.35 percent) and was fortified with 

vitamins (per 100 lb, feed: vitamin A, 200,000 units/g, k.^ g; vitami 

D , ^00,000 units /g, 0.25 g; alphatocopherol, 5-0 g; ascorbic acid, 

k^.Q g; inositol, 5-0 g; choline chloride, 75-0 g; menadione, 2.25 g; 

p-aminobenzoic acid, 5.0 g ; niacin, k-.t) g ; riboflavin, 1.0 g; 

pyridoxine hydrochloride, 1.0 g; thiamine hydrochloride, 1.0 g, and 

calcium pentothenate, 3-0 g) . The low protein diets had exactly '•' 

same quantified composition as the high protein one except that 

corn starch was substituted for the respective amounts of reduced 

casein. Care was taken to give the squirrel monkeys vitamine 

Instead of LV,. The former Is considered essential for their main­

tenance as well as breeding (Lehner, et a l . 1967). Pellets were 

made from the powder b y adding a fixed amount of corn syrup to 

measured quantities of the diet and its taste was augmented with an 

imitation banana flavoring. A l l groups of animals were fed twice 

daily at 9:00 a.m. and h:00 p.m. The animals were given access to 

food and water ad libitum. The daily food ration was augmented with 

small quantity of fruit salad containing variable combinations of 

lettuce, bananas, oranges and apples or peaches. 

Fetuses and Neonates 

Fetuses to be studied were obtained through Caesarean sections 

beginning with mothers whose pregnancy had lasted approximately 110 

days (at least 65 days or more on control or experimental d i e t ) . 

The second batch was operated on at lk-0 days of pregnancy, while the 

neonate (newborn monkeys) specimens were available at term after a 
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GESTATIONAL AGO OF L6'7 ± 3 LAYS (125 OR MORE DAYS OF RESPECTIVE DIET) . 

CAESAREAN SECTIONS WERE CARRIED OUT UNDER GENERAL a n a e s t h e s i a . T h e 

FETUSES WERE REMOVED AND SHOWED NO ASCERTAINABLE SIGNS OF BEING 

AFFECTED BY THE ANAESTHESIA. FETUSES WERE IMMEDIATELY PERFUSED WITH 

LOCC OF PHYSIOLOGIC SALINE SOLUTION (0.09 PERCENT NACL) THROUGH THE 

UMBILICAL CORD FOLLOWED B Y 20 CC OF PARAFORMALDEHYDE-GLV.TARALDEHYDE 

FIXATIVE (h PERCENT PARAFORMALDEHYDE AND 0.5 PERCENT GLUTARALDEHYDE). 

THE DURA MATER WAS ALSO SLIT OPEN, AND THE EXPOSED BRAIN PERFUSED WITH 

FIXATIVE. I'HE ENTIRE PERFUSION PROCEDURE REQUIRED SPEED AND USUALLY 

LASTED NO MORE THAN THREE TO FOUR MINUTES IN DURATION. THE WHOLE 

FETUS WAS THEN SUBMERGED IN ADDITIONAL FIXATURE FOR AT LEAST 2 k HOURS. 

SPINAL CORDS WERE SUBSEQUENTLY DISSECTED OUT OF FETUSES INFUSED WITH 

MINIMUM LOSS OF TIME (TWO TO THREE MINUTES APPROXIMATELY). THE CORDS 

WERE CUT INTO SMALL SECTIONS AND PARTS WERE IMMEDIATELY FROZEN IN DRY 

ICE (-78°C) AND STORED, AFTER WRAPPING IN ALUMINUM FOIL, IN STOPPED 

BOTTLES WHICH WERE FROZEN UNTIL NEEDED FOR SECTIONING. THE OTHER 

PARTS OF THE CORD WERE KEPT IN BUFFERED 10 PERCENT FORMALIN, SUB­

SEQUENTLY PROCESSED AND EMBEDDED IN PARAFIN. THE NEONATES WERE 

TREATED SIMILARLY EXCEPT THAT THE SPINAL CORD WAS ALSO REMOVED PRIOR 

TO FIXATION AND FROZEN AT DRY ICE TEMPERATURES. SECTIONS WERE PRO­

CESSED IN THE MANNER ALREADY DESCRIBED FOR THE FETAL CORD. HISTO-

AND CYTOCHEMICAL STUDIES WERE PERFORMED ON FRESH FROZEN 10 U,M-THICK 

CORD SECTIONS CUT AT -20 C IN A HARRIS CRYOSTAT THEN MOUNTED ON GLASS 

COVER SLIPS. MORPHOLOGIC AND HISTOPATHOLOGIC INVESTIGATIONS WERE 

CARRIED OUT ON h - 6 ^M-THIOK PARAFFIN EMBEDDED LISSUES CUT WITH A 
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Spencer "820" microtome and mounted i n egg albumen on r e g u l a r s l i d e s . 

S e c t i o n s were s t u d i e d i n l i g h t m i c r o s c o p y and p i c t u r e s taken w i t h a 

Z e i s s photor i i croscope l o c a t e d i n the N e u r o h i s t o c h e m i s t r y L a b o r a t o r y , 

Y e r k e s R e g i o n a l P r i m a t e R e s e a r c h C e n t e r . 

H i s t o l o g i c a l Methods 

The s e c t i o n s were p r o c e s s e d a c c o r d i n g to a s t a n d a r d h i s t o l o g i c a l 

p r o c e d u r e , ( B a r k a and A n d e r s o n , 1963; L u n a , 1968; P e a r s e , 196I; 

L i l l i e , 1965)- The f o l l o w i n g s t a i n i n g methods were employed on p a r a f f i n 

s e c t i o n s b e l o n g i n g to f e t u s e s and neonates from d i f f e r e n t a n i m a l s . 

H e m a t o x y l i n and E o s i n (H & K ) , ( L u n a , 1968) 

Alum h e m a t o x y l i n and E o s i n Y i s the method p r e f e r r e d f o r a 

r e a s o n a b l e d i f f e r e n t i a t i o n o f n u c l e i and c y t o p l a s m . E o s i n i s used 

as a counter s t a i n f o r the c o n t r a s t i n g e f f e c t when h e m a t o x y l i n i s 

u s e d as the p r i m a r y s t a i n . T h e r e f o r e , i t s p r o p e r d i f f e r e n t i a t i o n b y 

a l c o h o l i s v e r y important i n p r o d u c i n g an H & E s t a i n o f h i g h 

q u a l i t y . D i f f e r e n t i a t i o n o f b o t h s t a i n s i s e q u a l l y s i g n i f i c a n t and 

p e r t i n e n t to the q u a l i t y o f s t a i n i b i l i t y . 

P e r i o d i c A c i d S c h i f f ( P A S ) and P A S - D i a s t a s e ( P A S - D ) , (McManus, 1946) 

The p e r i o d i c a c i d - S c h i f f r e a c t i o n i s b a s i c to c a r b o h y d r a t e 

h i s t o c h e m i s t r y , b e i n g an a d a p t a t i o n o f p e r i o d i c a c i d o x i d a t i o n i n t r o ­

duced i n c h e m i s t r y b y M a l a p r a d e (1928) . 'the S c h i f f ' s r e a g e n t demon­

s t r a t e s a l d e h y d e g r o u p s c r e a t e d b y p e r i o d i c a c i d o x i d a 4 '.on i n t i s s u e s . 

The PAS r e a c t i o n e v o l v e d as a m o d i f i c a t i o n of M a l a p r a d e ' s method 

b y a number o f w o r k e r s (McManus, 1946, 1948; L i l l i e , 1947, 1949, 1952 

and C o m o r i , 1952). G l y c o g e n i s d i g e s t e d b y d i a s t a s e (0.8 p e r c e n t 
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D I A S T A S E F O R O N E N O U R A T 37 C ) . D I A S T A S E T R E A T E D AND U N T R E A T E D 

S E C T I O N S A R E S T A I N E D T O G E T H E R . I F P A S S T A I N I N G I S A B O L I S H E D B Y T H E 

E N Z Y M E T R E A T M E N T , I T I N D I C A T E S T H E P R E S E N C E O F G L Y C O G E N A N D NO E V I D E N C E 

E X I S T S T H A T G L Y C O G E N N O R M A L L Y R E S I S T S S U C H D I G E S T I O N . 

E I N A R S O N ' S G A L L O E Y O N I T I W I T H . R N A S E D I G E S T I O N ( E I N A R S O N , 1932) 

G A L L O C Y A N I R I I S AN O X A Z I N E D Y E AND A C T S I N A Q U E O U S S O L U T I O N AS 

A W E E K L Y A C I D S T A I N . T H E G A L L O C Y A N I N - C H R O M E A L U M P R O C E D U R E D O E S N O T 

D I S T I N G U I S H B E T W E E N D N A A N D R N A . B R A C H E T (19^+0) I N T R O D U C E D T H E U S E O F 

R N A S E T O D I G E S T R N A B E F O R E S T A I N I N G A S A C O N T R O L P R O C E D U R E . T H I S 

E L I M I N A T E S A N Y S I G N I F I C A N T S T A I N I N G D U E T O T H E P R E S E N C E O F R N A , 

A L T H O U G H T H E E N Z Y M E MAY N O T C O M P L E T E L Y D I G E S T R N A F R O M F I X E D T I S S U E S , 

T H E E N Z Y M E I S T H E R M O S T A B I L E I N A C I D M E D I U M U P TO C E R T A I N 

T E M P E R A T U R E S , AND D E G R A D E S R I B O N U C L E O T I D E S I N TWO S T E P S . I N I T I A L L Y , 

A P H O S P H O D I E S T E R A S E D I G E S T I O N R E S U L T S I N P Y R I M I D I N E NUCLEOTIDE-2":3* 

H Y D R O G E N P H O S P H A T E E N D G R O U P S . A S E C O N D A R Y S T E P I N V O L V E S H Y D R O L Y S E S 

O F T H E S E G R O U P S T O N U C L E O S I D E - 3 H Y D R O G E N P H O S P H A T E S W H I C H A R E R E A D I L Y 

D I F F U S I B L E . T H E D E F I N I T I V E T E S T F O R H I S T O C H E M I C A L I D E N T I F I C A T I O N O F 

R I B O N U C L E I C A C I D I S T H E R E F O R E I T S D I G E S T I O N B Y T H E E N Z Y M E R I B O N U C L E A S E . 

D I L L I E (1965) P O I N T E D O U T T H A T LONG A Q U E O U S F O R M A L I N F I X A T I O N S MAKE 

T I G R O I D S U B S T A N C E S ( N I S S L ) AND R I B O N U C L E I C A C I D G E N E R A L L Y MORE R E S I S T A N T 

W H I L E B R I E F A L C O H O L I C F O R M A L I N F I X A T I O N F A C I L I T A T E S T H I S R I B O N U C L E A S E 

A C T I V I T Y O F D I G E S T I O N . 

E E U L G E N R E A C T I O N ( E E U L G E N AND R O S E N B E C K , 192^4-) 

T H E D E F I N I T I V E M E T H O D F O R D E T E C T I O N O F D N A I S T H E E E U L G E N 

R E A C T I O N . I T I S S P E C I F I C A L L Y A D N A T E S T T H A T I S D E P E N D E N T ON G E N T L E 
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and m i l d a c i d h y d r o l y s " s ( I N HC1 f o r 8 to 12 minutes a t 60 C) o f 

f i x e d t i s s u e s to form a l d e h y d e s . Subsequent a p p l i c a t i o n o f S c l i f f ' s 

r e a g e n t ( l e u c o f u s c h i n - s u l p h u r o u s a c i d ) to these exposed a l d e h y d e s 

y i e l d s a deep r e d p u r p l e (magenta) c o l o r complex i n the n u c l e a r 

c h r o m a t i n . Il seems t h a t the F e u l g e n r e a c t i o n o c c u r s o n l y w i t h DNA 

( n u c l e a r c h r o m a t i n ) b u t not RNA ( n u c l e o l u s ) o r the c y t o p l a s m i c 

c h r o m i d i a l s u b s t a n c e (RNA) . 

Mags on 1 s Trichrorae (Mas s on ? 1929) 

The e f f e c t i v e n e s s o f t h i s t e c h n i q u e depends on the s u c c e s s f u l 

s e l e c t i v i t y and s p e c i f i c uptake o f m o l y b o d i c and t u n g s t i c a c i d s by 

the f i b e r s and s u b s e q u e n t b i n d i n g o f the s u l f o n a t e d amino t r i p h e n y l -

methane dyes b y t h e i r NKg groups ( p u c h t l e r , 1958) . The a c i d and 

f i b r e s s t a i n s a r e u s e d s e q u e n t i a l l y w h i l e a mordant B o u i n ' s f i x a t i v e 

enhances s t a i n i n g o f cy top lasm a t the expense of o t h e r t i s s u e s 

( e . g . , c o n n e c t i v e t i s s u e ) which r e n d e r s them more d i f f i c u l t to s t a i n 

f u l l y . The tr ichrorae method s t a i n s f i b r e s o f n e u r o g l i a , f i b r o g l i a 

n u c l e i , m i t o c h o n d r i a and a x i s c y l i n d e r s ( a x o n s ) . The n u c l e i a r e 

s t a i n e d b l a c k w h i l e c o l l a g e n r e d and mucus are b l a c k . 

Enzyme H i s t o c h e m i c a l Methods 

S t a n d a r d h i s t o - and c y t o c h e m i c a l t e c h n i q u e s were u s e d to 

p r o c e s s s e c t i o n s and s t u d y enzyme a c t i v i t y (Manocha and S h a n t h a , 1970; 

P e a r s e , 196I; B u r s t o n e , 1962; B a r k a and A n d e r s o n , 1963 ; Adams, I965). 

The f o l l o w i n g h i s t o c h e m i c a l methods were employed on f r e s n f r o z e n and 

f i x e d f r o z e n s e c t i o n s . A l i s t o f enzymes s t u d i e d and methods u s e d 

i s summarized i n T a b l e 1. 
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A c i d Phosphatase (AC) 

Two p r o c e d u r e s were u s e d to demonstrate AC a c t i v i t y . The 

f i r s t p r o c e d u r e %<ras the s imul taneous c o u p l i n g azo dye method as o u t l i n e 

b y B a r k a and Anderson (1963) and G-RQGG and P e a r s e (1952) . '..'he second 

t e c h n i q u e was the s imul taneous c o u p l i n g azo dye p r o c e d u r e u s e d b y 

B a r k a (I960). 

Adenos ine T r i p h o s p h a t a s e ( A T P a s e ) 

The l e a d method o f W a c h s t e i n and M e i s e l (1957) was used to 

demonstrate the ATPase a c t i v i t y . Th i s p r o c e d u r e i s a m o d i f i c a t i o n of 

Comor i ' s l e a d n i t r a t e method. 

A l k a l i n e Pnosphatase (AX) 

Two t e c h n i q u e s were employed to show AK a c t i v i t y . The 

a l p h a - n a p h t h y l phosphate method as u s e d b y Comori (1951, 1952) was 

used f i r s t . A second method was the n a p h t h o l A S - B I phosphate azo dye 

t e c h n i q u e as o u t l i n e d b y B u r s t o n e (1958, 1962). 

i n o s i n e D i p h o s p h a t a s e ( i D P a s e ) 

The t e c h n i q u e as o u t l i n e d b y H o v i k o f f and G o l d f i s c h e r (1961) was 

u s e d . I D P a s e a c t i v i t y was demonstra ted wi th sodium i n o s i n e d i p h o s p h a t e 

as a s u b s t r a t e . 

Thiamine P y r o p h o s p h a t a s e ( T P P a s e ) 

The a c t i v i t y o f TPPase was demonstrated w i t h th iamine p y r o ­

phosphate as the s u b s t r a t e . The method o f TTovikoff and G o l d f i s c h e r 

(1961) was employed f o r T P P a s e . 

A c e t y l c h o l i n e s t e r a s e (AchE) 

The a c t i v i t y o f AchE was i n v e s t i g a t e d w i t h two p r o c e d u r e s . The 
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first technique was the direct colorirg thiocholine method as used by 
Karnovsky and Roots (196*0 • The other procedure was the modified 
Koelle and Friedenwald (19̂ 9) method as outlined by Coupland and 
Holmes (1957)• 
Alpha-Glycerophosphate Dehydrogenase (q-Gly-DH) 

The enzyme was demonstrated by the N:Lro BT method as outlined 
by Hess, et. al., (1958). The substrate used, was sodium DL-a-glycero-
phosphate. 
Lactic Dehydrogenase (DDR) 

The activity of LDI1 was demonstrated by the Rifro BT method 
used by Hess, et. al., (1958). Sodium lactate served as the 
substrate . 
Succinic Dehydrogenase (SDh) 

The Witro BT method of i';achlas, et . al., (1957) was used to 
demonstrate SDH activity, '".he substrate used was sodium succinate. 
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C H A P T E R I V 

O B S E R V A T I O N 

M O R P H O L O G I C A L A N D H I S T O C H E M I C A L S T U D I E S 

M O R P H O L O G I C A L A N D H I S T O C H E M I C A L O B S E R V A T I O N S W E R E M A D E O N F I X E D 

S P I N A L C O R D S S E C T I O N S O F B O T H H E A L T H Y A N D P R O T E I N D E F I C I E N T F E T A L A N D 

N E O N A T A L S Q U I R R E L M O N K E Y S . 

H E M A T O X Y L I N A N D E O S I N R E A C T I O N 

S P I N A L C O R D P R E P A R A T I O N S F R O M C O N T R O L A N I M A L S S H O W N E U R O N S T H A T 

C O N T A I N M A N Y U N I F O R M L Y S P R E A D C H R O M A T I N G R A N U L E S I N T H E N U C L E U S . T H E 

P R O M I N E N T N U C L E O L U S I S I N T E N S E L Y S T A I N E D A N D I S C E N T R A L L Y L O C A T E D 

W I T H I N T H E N U C L E U S . T H E N E U R O P L A S M H A S D I S C R E T E , V A R I A B L Y S T A I N E D 

P A T C H E S O F F L A K Y C H R O M A T I N T H R O U G H O U T W I T H A G R E A T < R C O N C E N T R A T I O N 

A L O N G T H E C E L L M E M B R A N E . S O M E E O S I N O P H I L I C G R A N U L E S A R E V I S I B L E I N T H E 

P R O X I M A L P A R T S O F D E N D R I T E S . .A F E W O L I G O D E N D R O G L I A S H O W I N T E N S E 

B A S O P H I L I A A N D A R E N O T E D I N T H E V I C I N I T Y O F T H E N E U R O N S . V E N T R A L 

H O R N C E L L S H A V E S T R O N G E R H E M A T O X Y L I N - E O S I N R E A C T I O N S T H A N D O T H E 

D O R S A L H O R N C E L L S . E P E N D Y M A L C E L L S A R E C H A R A C T E R I Z E D B Y S T R O N G 

B A S O P H I L I A A S W E L L A S N U C L E I D I S T R I B U T E D N E A R T H E C E L L B A S E ( F I G U R E S 

1 A N D 3)• 

T H E N U C L E U S O F E X P E R I M E N T A L A N I M A L S S H O W S A D I S T I N C T N E T W O R K 

O F C R I S S C R O S S I N G S T R A N D S O F C H R O M A T I N T H A T R A D I A T E S F R O M T H E N U C L E A R 

M E M B R A N E T O A N C H O R T H E D E E P L Y S T A I N E D N U C L E O L U S I N E I T H E R A C E N T R A L 

O R A N E C C E N T R I C P O S I T I O N . T H E N E U R O P L A S M C O N T A I N S E O S I N O P H I L I C M A T E R I A L 



Figures 1-*+. Photomicrographs of Spinal Cord Neurons. Harris 
Hematoxylin and Eosin Stain (see p. vi). 
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t h a t v a r i e s i n s t a i n i n g i n t e n s i t y f rom a f a i n t through moderate to 

s t r o n g r e a c t i o n . The g r a n u l e s a r e d i s p e r s e d i n no d e f i n i t e p a t t e r n i n 

the m a j o r i t y o f n e r v e c e l l s . O l i g o d e n d r o c y t e s show deep b a s o p h i l i c 

n u c l e i and many o f these c e l l s a r e l o c a t e d w i t h i n the v i c i n i t y o f 

n e u r o n s . Some o l i g o d e n d r o g l i a a r e e i t h e r i n d i r e c t c o n t a c t w i t h the 

nerve c e l l membrances or a r e s p r e a d in rows and bunches a l o n g n e r v e 

p r o c e s s e s ( F i g u r e 2 ) . . h e r e i s some m i l d r a t h e r than n e g l i g i b l e 

e o s i n o p h i l i c r e a c t i o n w i t h i n the n e u r o p h i l ( F i g u r e k). 

I n most n e u r o n s , w i t h the e x c e p t i o n o f the v e r y s t r o n g r e a c t i o n 

i n the n u c l e o l u s , the n u c l e o p l a s m s t a i n s v e r y weak , and the amount of 

chromat in g r a n u l e s i s d e c r e a s e d . Other motoneurons show a s t a i n 

g r a d i e n t be tween the c e l l membrane and t i e n u c l e a r membrane. E o s i n o -

p h i l i a d e v e l o p s i n f a v o u r o f e i t h e r membrane a r e a s where d a r k e r p a r c h y 

f l a k e s o f E l s s l s u b s t a n c e a r e s e e n , h o w e v e r , t h i s i s seen o n l y i n a 

s m a l l number o f motoneurons . The s t r a n d s o f n u c l e o p l a s m i c m a t e r i a l 

t h a t anastomose the n u c l e o l u s to the n u c l e a r membrane d i m i n i s h i n 

number and i n t e n s i t y . C e l l o u t l i n e s appear f u z z y or b l u r r e d , r a g g e d 

and become g e n e r a l l y I n d i s t i n g u i s h a b l e from the s u r r o u n d i n g n e u r o p i l . 

The n e u r o p i l s t a i n s m o d e r a t e l y and more c e l l p r o c e s s e s become v i s i b l e 

w i t h i n the n e u r o p i l . A c o n s i d e r a b l e number o f neurons has a t t a i n e d 

the"ghost c e l l " s t a g e w i t h j u s t remnants o f G s s l s u b s t a n c e s t a i n e d 

w h i l e o n l y the b a r e o u t l i n e s o f the nuc leus show. The l o s s o f 

chromat in from the n u c l e u s i s e v i d e n t where o n l y f a i n t or opaque 

s t a i n i n g o c c u r s . 

There i s a p r e p o n d e r a n t i n c r e a s e i n n e u r o g l i a , p a r t i c u l a r l y 



those i n c o n t a c t o r o n l y a s h o r t d i s t a n c e away from n e r v e c e l l b o d i e s . 

Both the g r a y and w h i t e mat ter show immense i n c r e a s e i n numbers o f 

g l i a l c e l l s . T h e i r n u c l e i a r e u s u a l l y s t r o n g l y s t a i n e d . Other nerve 

c e l l s have r a t h e r f e w g l i a l c e l l s around them o r a l o n g t h e i r p r o c e s s e s . 

The ependymal c e l l s a r e m i l d l y c h r o m a t o l y s e d . 

I n c o n t r a s t to the c l e a r and d i s t i n c t c e l l f e a t u r e s o f h e a l t h y 

s p i n a l c o r d n e u r o n s , the m a l n o u r i s h e d neurons show s i g n i f i c a n t 

v a c u o l a t i o n i n the c e l l cy top lasm ( F i g u r e k). 

P e r i o d i c A c i d S c h i f f R e a c t i o n 

I n c o n t r o l a n i m a l c e l l s , P A S - p o s i t i v e g r a n u l e s a r e u n i f o r m l y 

d i s t r i b u t e d w i t h i n the n e u r o n a l c y t o p l a s m . Some g r a n u l e s a r e d e n s e l y 

c l u s t e r e d around the n u c l e a r membrane. A m a j o r i t y o f the g r a n u l e s 

a r e d i g e s t e d by the enzyme d i a s t a s e , i n d i c a t i n g the p r e s e n c e o f 

g l y c o g e n ( F i g u r e 12) . I t i s no ted however t h a t o n l y p a r t i a l d i g e s t i o n 

occurs w i t h i n the c e l l s and e s p e c i a l l y s i n c e h e m a t o x y l i n was u s e d as a 

n u c l e a r c o u n t e r s t a i n . The g l i a l c e l l s have a s m a l l amount of PAS-

p o s l t l v e g r a n u l e s , which d i s a p p e a r a f t e r d i g e s t i o n w i t h d i a s t a s e . The 

n e u r o p i l and b l o o d v e s s e l s show m i l d p o s i t i v e r e a c t i o n t o the s t a i n 

( F i g u r e 9 ana 11). 

I n comparison to c o n t r o l s e c t i o n s , m a l n o u r i s h e d an imals have a 

g r e a t e r amount o f P A S - p o s i t i v e g r a n u l e s , e s p e c i a l l y w i t h i n the n e u r o ­

plasm where the r e a c t i o n i s v e r y i n t e n s e . The g r a n u l e s r a n g e from 

many l a r g e p o s i t i v e ones t o f ew s m a l l - s i z e types t h a t a r e i n t e r ­

s p e r s e d w i t h i n the f o r m e r . D i a s t a s e d i g e s t i o n i s o n l y p a r t i a l l y 

s u c c e s s f u l I n those neurons t h a t have s t r o n g p o s i t i v e r e a c t i o n s . 





B l o o d v e s s e l s and the c e l l p r o c e s s e s show moderate ? A S - p o s i t i v e 

r e a c t i o n s . I n neurons where l a r g e c l u s t e r s o f p o s i t i v e g l y c o g e n 

e x i s t , the m a j o r i t y appear t o b e i n the a r e a j u s t p e r i n u c l e a r w h i l e i n 

o t h e r s i t i s i n the a r e a j u s t w i t h i n the c e l l membrane. Other 

neurons show a s t r o n g p o s i t i v e a c t i v i t y throughout the c e l l . I n 

the s e v e r e l y m a l n o u r i s h e d a n i m a l s , the c e l l p r o c e s s e s a r e v e r y 

d e n s e l y s t a i n e d as a r e the g l i a l c e l l s . D J a s t a s e d i g e s t i o n i s l e a s t 

e f f e c t i v e i n t h i s g r o u p when compared to the c o n t r o l a n i m a l s . The 

n e u r o p i l and p i a mater a r e s t a i n e d b u t not as i n t e n s e l y as a r e most of 

the o t h e r s t r u c t u r e s ( F i g u r e 10). 

G a l l o c y a n i n R e a c t i o n 

C o n t r o l an imals show g a l l o c y a n i n - p o s i t i v e m a t e r i a l about the 

c e l l n u c l e i , o l i g o d e n d r o g l i a l n u c l e i and m i l d a c t i v i t y i n the n e u r o p i l . 

A v a r i a b l e i n t e n s i t y i s seen I n the d i s t r i b u t i o n o f the g r a n u l a r 

s u b s t a n c e . The v e n t r a l h o r n c e l l s , b e c a u s e o f t h e i r l a r g e s i z e , show 

the s t r o n g e s t chromalum s t a i n i n g . The n u c l e o l u s i s v e r y p o s i t i v e l y 

s t a i n e d w h i l e the nuc leus i s moderate i n c o n t r a s t . The neurop lasm 

a l s o shows moderate c h r o m o p h i l i c i n t e n s i t y , p a r t i c u l a r l y j u s t w i t h i n 

the p e r i n u c l e a r a r e a . The chromat in s u b s t a n c e i s not i n t e n s e l y 

s t a i n e d i n the n e u r o p l a s m p r o p e r b u t a l o n g the i n n e r c e l l membrane 

s u r f a c e c o n c e n t r a t e d c h r o m a l u m - p o s i t i v e m a t e r i a l can be s e e n . The 

f e w o l i g o d e n d r o g l i a w i t h i n the v i c i n i t y o f most o f the neurons show 

s t r o n g b a s o p h i l i c n u c l e i w h i l e o t h e r s i m i l a r l y s t a i n e d n e u r o g l i a l 

c e l l s a r e l o c a t e d i n the w h i t e m a t t e r . The ependymal c e l l s o f the 

c e n t r a l c a n a l show v e r y s t r o n g g a l l o c y a n i n s t a i n i n g ( F i g u r e 5). 
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Figures 5-8. Photomicrographs of Spinal Cord Neurons. 
Gallocyanin Stain (see p . v i ) . 
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Different stages of chromatolysis are observed in the neuronal 

cytoplasm of protein malnourished animal spinal cords. The nucleolus 

generally, is more eccentric and is located toward the nuclear 

membrane in its position within the nucleus . Thin strands of 

gallocyanin positive material radiate from the nucleolus to the 

chromatin granules located near the nuclear membrane (Figure 8) . 

Some gallocyanin positive deposits cluster in small granular form on 

both the inner and outer surface area of the nuclear membrane. The 

karyoplasm is generally chromophobic. Oligodendroglia proliferate 

the nerve cell area and some come in close contact with the 

chromatolytic neurons. The neuroglia nuclei are strongly chromophilic 

(Figure 8). 

Although the majority of severe protein deficient spinal cord 

sections represent an exaggerated state of the moderate deficiency, 

some unique features are observed in the neuron populations. Several 

neurons show dark, intensely stained neurons with the pycnotic 

nuclei also intensely stained (Figure 7)• This may represent a 

condensation of chromatin material due to possible cell shrinkage or 

disorganization within the nerve cell. Other neurons have hetero-

geneously stained basophilic substance in the neuroplasm. The 

digestion of TJissl substance with RNAse removes all of basophilic 

material from the cytoplasm and part from the nucleus. This indicates 

that the material is IINA in nature (Figure 6) . 

Feulgen Reaction 

There is very little distinction in the Feulgen reaction between 
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h e a l t h y and p r o t e i n d e f i c i e n t a n i m a l s . The c o n t r o l animals have 

w e l l s t a i n e d n u c l e i and i t i s d i f f i c u l t t o d i s t i n g u i s h the n u c l e o l u s 

from the r e s t o f the n u c l e u s . The d i s t r i b u t i o n o f F e u l g e n - p o s l t i v e 

m a t e r i a l i n the n u c l e i I s g e n e r a l l y i r r e g u l a r a l t h o u g h some homogenei ty 

may b e seen i n a f e w n u c l e i . 

E x p e r i m e n t a l an imals show w i t h i n the n u c l e i o f some r.euror.:' 

an a p p a r t d e c r e a s e I i . s t a i n a b i l i t y as compared t o the c o n t r o l g r o u p . 

However , c o n c l u s i o n s about DNA content i n these an imals can o n l y b e 

s p e c u l a t i v e s i n c e no q u a n t i t a t i v e s t u d i e s were made. 

M a s s o n ' s Tr ichrome R e a c t i o n 

M a s s o n ' s t r i c h r o m e t echn ique s t a i n s the n e u r o p l a s m r a t h e r 

u n i f o r m l y and b l u e g r a n u l e s a r e e v e n l y d i s t r i b u t e d i n neurons o f c o n t r o l 

animals . Prominent w i t h the t r i c h r o m e s t a i n s a r e the c e l l p r o c e s s e s . 

These p r o c e s s e s can b e seen to r a d i a t e i n a l l d i r e c t i o n s from the 

n e r v e c e l l b o d i e s and w i t h i n the w h i t e mat ter from the g l i a l c e l l s . 

A l t h o u g h , the n u c l e o l u s i s s t a i n e d a deep p i n k i s h b r o w n , the nuc leus 

shows a p a l e more or l e s s c o l o r l e s s s t r u c t u r e . Blood, v e s s e l s a r e 

w e l l s t a i n e d and can b e seen in a l l a r e a s o f the c o r d s e c t i o n s . The 

n e u r o p i l s t a i n s r e d and may denote m y e l i n , e s p e c i a l l y i n the sheaths 

o f axons ( F i g u r e 1 3 ) . 

S p i n a l c o r d s o f e x p e r i m e n t a l an imal s have a v a r i a b l e t r i c h r o m i c 

r e a c t i o n . Nerve and g l i a l c e l l p r o c e s s e s a r e w e l l s t a i n e d ( F i g u r e 1 5 ) . 

D e n d r i t i c and g l i a l p r o c e s s e s can b e seen o r i g i n a t i n g from c e l l b o d i e s 

i n a l l d i r e c t i o n s and c o v e r i n g f a i r l y l o r d i s t a n c e s ( F i g u r e 16) . 

The n e u r o p l a s m shows d i f f e r e n t s t a i n i n g c h a r a c t e r i s t i c s to that o f 



F i g u r e s 13-16. P h o t o m i c r o g r a p h s o f S p i n a l Cord N e u r o n s . 
Masson ' s Tr ichrome S t a i n ( s e e p . v i ) . 



c o n t r o l an imals w i t h a few e x c e p t i o n s . The d e c r e a s e i n number o f 

b a s o p h i l i c g r a n u l e s i n the cy top lasm i s o b v i o u s and i s i n agreement 

w i t h the p r e v i o u s o b s e r v a t i o n s on c h r o m a l y t i c neurons ( f i g u r e lk). 

G l i a l c e l l s ' p r o l i f e r a t i o n i n m a l n o u r i s h e d an imals i s s i g n i f i c a n t 

and. t h e i r n u c l e i a r e s t r o n g l y s t a i n e d . 

Enzyme C y t o c h e m i c a l S t u d i e s 

C y t o e h e m i c a l o b s e r v a t i o n s o f enzyme a c t i v i t i e s i n c l u d e d 

c e r t a i n s e l e c t e d p h o s p h a t a s e s , e s t e r a s e s and d e h y d r o g e n a s e s . 

S i g n i f i c a n t amounts o f 1 i e s u e were p e r f u s e d w i t h f i x a t i v e b e f o r e the 

c y t o c r e m i c a l e v a l u a t i o n was i n i t i a t e d . F i x a t i v e s a d v e r s e l y a f f e c t 

o x i d a t i v e and t o a l e s s e r e x t e n t h y d r o l y t i c enzyme a c t i v i t y . 

T h e r e f o r e , c n l y p r e l i m i n a r y r e s u l t s a r e g i v e n and no c o n c l u s i o n s a r e 

drawn from the compar i son b e t w e e n enzyme a c t i v i t y i n e x p e r i m e n t a l 

and c o n t r o l aj i imals . '. u r t h e r m o r e , s i n c e no d i s t i n c t i v e d i f f e r e n c e s i n 

the r e a c t i o n o f the s p i n a l c o r d to p r o t e i n d e f i c i e n c y were i n d i c a t e d 

w i t h i n p a r t i c u l a r e x p e r i m e n t a l g r o u p s , a l l o b s e r v a t i o n s d e s c r i b e d 

r e p r e s e n t e d d a t a f o r a l l an imals s t u d i e d w i t h i n the g r o u p . I n 

a d d i t i o n , t h e r e w e r e , o b v i o u s l y , some d e v e l o p m e n t a l d i f f e r e n c e s 

between the p a r t i c u l a r groups s t u d i e d as f a r as m o r p h o l o g i c a l changes 

are c o n c e r n e d . These were e v a l u a t e d i n terms o f t h e i r s e v e r i t y and 

v a r i a t i o n from c o n t r o l g r o u p s i n r e l a t i o n s h i p to the d u r a t i o n o f 

p r o t e i n d e f i c i e n c y . T a b l e 2 r e p r e s e n t s r e s u l t s o f enzyme a c t i v i t y 

s t u d i e s . 

Phosphatases 

A c i d p h o s p h a t a s e a c t i v i t y i s s t r o n g i n the c y t o p l a s m o f 
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neurons p a r t i c u l a r l y t h a t o f l a r g e v e n t r a l h o r n neurons o f c o n t r o l 

a n i m a l s . The neurons i n the d o r s a l horns show from moderate t o 

s t r o n g r e a c t i o n s . The main r e p o s i t o r i e s o f t h i s enzyme a r e lysosomes 

which a r e e v e n l y d i s t r i b u t e d in the p e r i k a r y o n and the p r o x i m a l p a r t s 

o f the d e n d r i t e s o f motoneurons i n h e a l t h y an imals ( F i g u r e 2 7 ) . 

M a l n o u r i s h e d an imals show a p a t t e r n o f a c i d p h o s p h a t a s e t h a t i s 

not s i g n i f i c a n t l y a l t e r e d from t h a t o f h e a l t h y monkeys. The neurons 

show moderate t o s t r o n g a c t i v i t y w h i l e g l i a l c e l l s and n e u r o p i l show 

n e g l i g i b l e to m i l d a c t i v i t y ( F i g u r e 2 8 ) . 

A l k a l i n e p h o s p h a t a s e a c t i v i t y i s v e r y s i m i l a r i n a l l an imals 

( F i g u r e 23, 2.h) . C a p i l l a r i e s a r e the m a i n s t a y o f t h i s enzyme's 

a c t i v i t y and the v e n t r a l f i s s u r e w i t h i t s many b l o o d v e s s e l s shows 

t y p i c a l a l k a l i n e p h o s p h a t a s e r e a c t i o n which r a n g e f rom m i l d to 

m o d e r a t e . 

Adenos ine t r i p h o s p h a t a s e shows i t s s t r o n g e s t a c t i v i t y w i t h i n 

the n e u r o p i l and the p e r i p h e r a l a r e a s o f the neurop lasm ( F i g u r e 1?) . 

C e l l membranes have s t r o n g p o s i t i v e a c t i v i t y w h i l e the n u c l e u s and 

n u c l e o l u s have n e g l i g i b l e o r n e g a t i v e r e a c t i o n s . The a c t i v i t y o f 

ATPase i n g l i a l c e l l s i s v e r y s t r o n g i n the w h i t e mater i n a l l 

an imals a l t h o u g h I n the h e a l t h y an imals the r e a c t i o n a p p e a r s more 

p r e c i s e l y l o c a l i z e d ( F i g u r e 1 9 ) • 

P r o t e i n d e f i c i e n t an imals show i r r e g u l a r d i s t r i b u t i o n o f ATPase 

a c t i v i t y and c o u l d b e c o n s i d e r e d as r e d u c e d a c t i v i t y . Such a s h i f t 

from the o r i g i n a l s i t e s may r e p r e s e n t some f u n c t i o n a l adjus tments or 

have s i g n i f i c a n c e i n the t o t a l c e l l e n e r g y u t i l i z a t i o n ( F i g u r e 18, 2 0 ) . 



Figures 17-20. Photomicrographs of Spinal Cord Neurons. 
ATPase Activity (see p. vi). 



F i g u r e s 21-22 . I n o s i n e D i p h o s p h a t a s e ( I D H ) A c t i v i t y , (see p . v i ) . 

F i g u r e s 23-2^. AK A c t i v i t y , (see p . v i ) . 



F i g u r e s 25-26. LDH A c t i v i t y , ( s e e p . v i ) . 

F i g u r e s 27-28. AC A c t i v i t y , ( s e e p . v i ) . 
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I n o s i n e d i p h o s p h a t a s e a c t i v i t y i s s t r o n g e s t i n the neurons 

e s p e c i a l l y the n e u r o p l a s m . V e n t r a l horn neurons have a s t r o n g e r 

a c t i v i t y than the d o r s a l horn n e u r o n s . The n u c l e o l u s shows n e g a t i v e 

a c t i v i t y w h i l e the n u c l e u s has n e g l i g i b l e a c t i v i t y ( F i g u r e 21). 

The a c t i v i t y o f I D P a s e i n p r o t e i n d e f i c i e n t animals i s v a r i a b l e 

and ranges from a moderate a c t i v i t y i n some neurons to a s t r o n g 

a c t i v i t y I n o t h e r s . G l i a l c e l l s show a s t r o n g a c t i v i t y and those 

c l o s e l y apposed to neurons w i t h weak a c t i v i t y show a much s t r o n g e r 

a c t i v i t y t h e m s e l v e s . The n e u r o p i l has n e g l i g i b l e to m i l d a c t i v i t y . 

Th i s l o c a l i z a t i o n r e p r e s e n t s the d i s t r i b u t i o n o f the endoplasmic 

r e t i c u l u m ( F i g u r e 22). 

Thiamine p y r o p h o s p h a t e a c t i v i t y a p p e a r s s t r o n g i n the moto­

neurons w h i l e a v a r i a b l e a c t i v i t y i s n o t i c e d i n d o r s a l horn c e l l s . 

The a c t i v i t y extends c o n s i d e r a b l y i n t o c e l l p r o c e s s e s . The TPPase 

a c t i v i t y I s d i s t r i b u t e d I n r e l a t i o n s h i p to the p r e s e n c e o f the 

G o l g i complex w i t h i n the. n e u r o p l a s m . D e n s e , d a r k l y s t a i n e d a r e a s of 

G o l g i ne twork a r e p l e n t i f u l i n the n o t o n e u r o n s . The g l i a l c e l l s a l s o 

r e a c t s t r o n g l y to TPPase a c t i v i t y w h i l e the n e u r o p i l shows a m i l d 

r e a c t i o n . 

I n m a l n o u r i s h e d a n i m a l s , b l o o d c a p i l l a r i e s show s t r o n g 

a c t i v i t y . D o r s a l neurons have a moderate r e a c t i o n w h i l e motoneurons 

have f r o m moderate t o s t r o n g a c t i v i t y . Some s e c t i o n s appear t o have 

l o s t a c o n s i d e r a b l e amount o f d e p o s i t i o n b u t the g l i a l c e l l s have 

s t r o n g a c t i v i t y b o t h i n w h i t e and g r a y m a t e r . 
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E S T E R A S E 

A C E T Y L C H O L I N E S T E R A S E A C T I V I T Y I N H E A L T H Y M O N K E Y S R A N G E S F R O M 

M I L D I N C E R T A I N N E U R O N S T H R O U G H M O D E R A T E I N S O M E T O S T R O N G I N A S U B ­

S T A N T I A L N U M B E R O F O T H E R S . T H I S S T R O N G A C T I V I T Y I S L O C A T E D P R I M A R I L Y 

I N T H E L A T E R A L C O L U M N , E S P E C I A L L Y I N T H E N E U R O P L A S M A N D C E L L M E M B R A N E 

A N D P R O C E S S E S . V A R I A B L E A C T I V I T Y I S N O T I C E D I N I N D I V I D U A L M O T O ­

N E U R O N S A N D I S P R O B A B L Y R E L A T E D T O T H E F U N C T I O N A L S T A T E O F E A C H 

N E U R O N . B O T H M I L D A N D M O D E R A T E L Y S T A I N E D C E L L S A R E V I S I B L E I N A L L 

A R E A S O F T H E S P I N A L C O R D . 

I N M A L N O U R I S H E D A N I M A L S S O M E R E D U C T I O N I N N E U R O P L A S M I C D E P O S I T I O N 

I S I N D I C A T E D , A L T H O U G H T H E A C T I V I T Y N E A R C E L L M E M B R A N E S R E M A I N S F A I R L Y 

U N C H A N G E D . T H E S U R R O U N D I N G N E U R O P I L H A S M I L D A C T I V I T Y . S U B S T A N T I A 

G E L A T I N O S A O F T H E E X T E R I O R H O R N E X H I B I T S A D I F F U S E A C T I V I T Y O F T H E 

E N Z Y M E . T H E N E U R O G L I A A N D . E P E N D Y M A L C E L L S A P P E A R T O H A V E N E G A T I V E 

A C T I V I T Y , H O A C T I V I T Y I S E V I D E N T I N T H E N U C L E U S O R N U C L E O L U S . 

D E H Y D R O G E N A S E S 

S U C C I N I C D E H Y D R O G E N A S E S H O W S M O D E R A T E T O S T R O N G A C T I V I T Y I N T H E 

P E R I K A R Y O N O F M O T O N E U R O N S I N H E A L T H Y A N I M A L S W H I L E T H E S E N S O R Y 

N E U R O N S H A V E P R I M A R I L Y M O D E R A T E A C T I V I T Y . 

T H E M A L N O U R I S H E D G R O U P S E E M S T O H A V E R E D U C E D S D H A C T I V I T Y . 

E V E N T H E A P P A R E N T R E D U C T I O N D O E S N O T D I M I N I S H T O A N Y G R E A T E X T E N T T H E 

I N T E N S I T Y O F T H E A C T I V I T Y . M O R E A C T I V I T Y E X I S T S I N T H E G R A Y T H A N T H E 

W H I T E M A T E R A L T H O U G H G L I A L C E L L S S H O W A M O D E R A T E R E A C T I O N . D A T E R A L 

N E U R O N S S H O W M I L D T O M O D E R A T E S T A I N I N G W H I L E T H E S U B S T A N T I A G E L A T I N O S A 

A N D N E U R O P I L S H O W M I L D A C T I V I T Y W I T H A F E W C E L L S S H O W I N G A S T R O N G 
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REACTION. THE GLIAL CELLS THAT ARE CLOSELY APPOSED TO CHROMATOLYSED 

NEURONS HAVE A STRONG REACTION. THIS MAY REPRESENT SOME TYPE OF META­

BOLIC EQUILIBRIUM BETWEEN THE NEURON AND SURROUNDING GLIAL CELLS AS A 

STRUCTURAL FUNCTIONAL UNIT. 

LACTIC DEHYDROGENASE IN THE HEALTHY ANIMALS IS STRONG WITHIN 

THE NEUROPLASM. THERE IS SOME DIFFER., CE IN THE STRENGTH OF ACTIVITY 

BETWEEN VENTRAL AND DORSAL HORN CELLS . THE NUCLEUS AND NUCLEOLUS 

HAVE NEGATIVE ACTIVITY. THE GLIAL CELLS EXHIBIT MILD ACTIVITY WHILE 

NEUROPIL HAS A MODERATE REACTION. BLOOD VESSELS HAVE MILD ACTIVITY IN 

THE VASCULAR ENDOTHELIUM. EPENDYMAL CELLS HAVE MILD ACTIVITY WITHIN 

THEIR BOARDERS BUT NEGLIGIBLE WITHIN THE CELLS (FIGURE 25, 26) . 

ALPHA-GLYCEROPHOSPHATE DEHYDROGENASE ACTIVITY IS MODERATE TC 

STRONG IN THE NEURONS. THE NUCLEUS AND NUCLEOLUS SHOW NEGATIVE 

ACTIVITY. THE NEUROPIL ALSO SHOWS MODERATE ACTIVITY WHILE GLIAL CELLS 

SHOW NEGLIGIBLE ACTIVITY. BOTH BLOOD VESSELS AND THE EPENDYMAL CELLS 

HAVE MILD ACTIVITY. THE VENTRAL NEURONS SHOW A STRONGER CYTOPLASMIC 

ACTIVITY THAN DO THE DORSAL HORN CELLS IN THE HEALTHY ANIMALS . 
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CHAPTER V 

DISCUSSION 

The p h y s i o l o g i c a l a l t e r a t i o n s p r o d u c e d by a c e r t a i n d e g r e e 

o f p r o t e i n d e f i c i e n c y a r e d i f f i c u l t t o e x p l a i n i n any s a t i s f a . c t o r y 

manner . I t p r o b a b l y i s e a s i e r to e x p l a i n the p h y s i o l o g i c a l d e f i c i e n c y 

of one d e f i n e d compound, such as a t r a c e e l e m e n t , i n terms o f meta­

b o l i c r e a c t i o n s s p e c i f i c a l l y a f f e c t e d by the d e f i c i e n c y than a more 

g e n e r a l i z e d d e f i c i e n c y o f p r o t e i n . I t i s r a t h e r not easy to i d e n t i f y 

the compound i n terms o f any one m e t a b o l i c r e a c t i o n . 

The p r e s e n t s t u d y , h o w e v e r , shows a p a t t e r n o f changes i n the 

morphology o f c e l l s t h a t underwent p r o t e i n d e f i c i e n c i e s . This 

p a t t e r n i l l u s t r a t e s s e v e r e c h r o m a t o l y s i s i n the n e u r o n a l cy top lasm 

and the enzymes show a l t e r a t i o n s t h a t may have s i g n i f i c a n t b e a r i n g s 

on f u n c t i o n . The enzymes changes may a f f e c t t h e i r a b i l i t y to media te 

i m p o r t a n t m e t a b o l i c r e a c t i o n s t a k i n g p a r t i n a d a p t a t i o n p r o c e s s e s to 

changed p r o t e i n content i n the d i e t . 

S i n c e n u c l e i c a c i d s a r e o f fundamenta l importance as g e n e t i c 

and i n t r a c e l l u l a r messengers f o r c o n t r o l l i n g m e t a b o l i c p r o c e s s e s , the 

change i n the i r content s h o u l d r e f l e c t a s h i f t i n the. p r o t e i n s y n ­

t h e s i z i n g mechanism o f the n e r v e c e l l s . A l s o the d u p l i c a t i o n o f DNA 

as w e l l as the cod ing f o r RNA p r o b a b l y becomes a f f e c t e d to some 

e x t e n t . O r d i n a r i l y the body i s c a p a b l e o f a d a p t i n g i t s e l f to p r o t e i n 

i n t a k e s a t l e v e l s much l o w e r than u s u a l l y recommended p r o v i d e d that 



c a l o r i e r e q u i r e m e n t s a r e s u p p l i e d by c a r b o h y d r a t e s and o t h e r n u t r i e n t s 

are s u f f i c i e n t l y a v a i l a b l e . The body can s t i l l compensate f o r p r o t e i n 

d e f i c i e n c y o f f a i r l y d r a s t i c p r o p o r t i o n s b y a c e r t a i n d e g r e e of 

a d a p t a b i l i t y o f the c e l l u l a r m e t a b o l i c machinery p r o v i d e d t h a t the 

d e f i c i e n c y i s not o f l o n g d u r a t i o n . S e v e r e and. l o n g l a s t i n g p r o t e i n 

d e p r i v a t i o n may cause i r r e v e r s i b l e damage to the b i o c h e m i c a l a c t i v i t y 

w i t h i n the c e l l u l a r m i l i e u . D u r i n g p e r i o d s o f r a p i d b r a i n g r o w t h , 

p r o t e i n d e f i c i e n c y , i f i n i t i a t e d a t such p e r i o d s , may have d e v a s t a t i n g 

e f f e c t s on the c e l l s i z e and p o p u l a t i o n f i n a l l y a t t a i n e d ( D o b b i n g , 

1968; W i n i c k , 1969, 1970). 

The s t u d i e s on the s p i n a l c o r d s o f young s q u i r r e l monkeys show 

t h a t t h e neurons r e s p o n d to d e f i c i e n c y i n terms o f the i n d i v i d u a l 

m e t a b o l i c a c t i v i t i e s o f each c e l l . T h i s p o s s i b l y accounts f o r v a r i a n c e 

i n d e g r e e o f chromat in l o s s I n some c e l l s w i t h i n the m a l n o u r i s h e d 

a n i m a l s . The r i b o n u c l e o p r o t e i n complex i n d i f f e r e n t c e l l s may be 

i n v o l v e d i n m e t a b o l i c a c t i v i t i e s o f v a r y i n g r a t e s and- thus e x p l a i n the 

d i f f e r e n t d e g r e e s o f v a r i o l a t i o n i n even a d j a c e n t neurons ( O l k o w s k i 

an d Manocha, 1972). 

As has b e e n n o t e d b y a nu r , : oer o f w o r k e r s the d i f f e r e n t i a l 

s t a i n i n g p a t t e r n s o f n e r v e c e l l s ' N i s s l s u b s t a n c e , r e p r e s e n t d i f f e r ­

ences i n m e t a b o l i s m and f u n c t i o n ( H o c h b e r g , 1955 5 P a c k e n b e r g , 1967; 

L a V e l l e and L a V e l l e , 1971 ) - The c h r o m a l u m - g a l l o c y a n i n s t a i n a b i l i t y 

may r e p r e s e n t the d i f f e r e n t s t a g e s o f m e t a b o l i c f u n c t i o n o r ;he r e s u l t 

o f c e r t a i n p h y s i o l o g i c a l m a n i p u l a t i o n s such a n u t r i t i o n . W h i l e the 

a d u l t b o d y may u t i l i z e s m a l l , l a b i l e p r o t e i n r e s e r v e s , m a i n l y from the 
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liver, to alleviate severe protein deficiencies, it is questionable 
if the growing fetus has such reserves from which to draw needed 
proteins. The maternal diet is thus the main source of protein 
reserves and in depleted diets, their limited, supplies might affect 
the acquisition of protein precursors needed to synthesize new 
structural and functional proteins within the fetus or young growing 
animal. 

Although IIyde"n (1967) Indicates that the amount of ribonucleo-
protein complex in the neuroplasm changes with the functional state of 
the neurons, it is doubtful that chromatolysis of this substance in the 
course of protein deficiency during development has the same implication. 
As shown by both the hematoxylin-eosin, chromalum-gallocyanin and the 
Feulgen reaction for DBA; there is a Liuss of nucleic acids in severe, 
long lasting protein deficiency. These staining techniques shew a 
lack of positive deposition within certain cells while in others only 
a mild or moderate amount is indicated. In control animal preparations, 
these histochemical techniques reveal a substantial abundance of nucleic 
acids and Nissl's substance deposition. Studies of LaVelle and LaVelle 
(1971) show that Kissl substance contains protein,therefore any 
lack of protein in diets of young animals may affect the formation of 
Nissl substance. 

The changes that may result from severely chromatolysed neurons 
can be and probably have far reaching effects. Some cells are pyenotic 
and the condensation of chromatin may cause drastic functional dis­
organization of the ribonucleoprotein complex and a complete dls-



r u p t i o n o f c e l l u l a r enzyme makeup and a c t i v i t y . A l t h o u g h c e l l s can 

and do a d j u s t to m e t a b o l i c c h a n g e s , i t i s d i f f i c u l t to p r e d i c t 

whether they w i l l o r w i l l not adapt I n d e f i n i t e l y , p a r t i c u l a r l y t o 

s e v e r e p r o t e i n d e f i c i e n c y . 

The o b s e r v a t i o n t h a t i n s e v e r e l y c h r o m a t o l y s e d n e u r o n s , many 

n e u r o g l i a can b e seen i n c l o s e c o n t a c t o r w i t h i n t h e i r v i c i n i t y has 

some i m p l i c a t i o n s . I t a p p e a r s t h a t the neurons and g l i a l c e l l s have 

a dynamic f u n c t i o n a l r e l a t i o n s h i p , s i n c e the l a t t e r c e l l s s t a i n not 

o n l y s t r o n g l y f o r n u c l e a r m a t e r i a l when c h r o m a l y s i s I s i n d i c a t e d w i t h i n 

a d j a c e n t n e u r o n s , b u t a l s o become p l e n t i f u l i n such s i t u a t i o n s 

(Hyden , 1967)• The n e u r o g l i a t h e r e f o r e may b e c o n s i d e r e d as 

a u x i l i a r y m e t a b o l i c u n i t s t h a t a r e c a l l e d upon to augment the needs 

of neurons i n p a t h o l o g i c s i t u a t i o n s . 

The P A S - p o s i t i v e r e a c t i o n f o r g l y c o g e n , e s p e c i a l l y s t r o n g i n 

p r o t e i n d e p l e t e d c e l l s , i n d i c a t e s that the e n e r g y needs o f these c e l l s 

may be i n c r e a s e d . A l t h o u g h the s p i n a l c o r d and c e n t r a l nervous t i s s u e 

i n g e n e r a l use g l u c o s e as the p r i m a r y s o u r c e o f e n e r g y , i t must b e 

remembered t h a t g l y c o g e n i s a polymer o f g l u c o s e . In p r o t e i n d e p l e t e d 

d i e t s , the amount o f c a r b o h y d r a t e s i s s u b s t a n t i a l and these an imals 

p r o b a b l y c o n v e r t the exces s g l u c o s e i n t o g l y c o g e n f o r s t o r a g e . 

The s p i n a l c o r d c o n t r o l s s imple r e f l e x e s which d e v e l o p d u r i n g 

i n t r a u t e r i n e growth ( B o d i a n , 1966) and s i n c e r e f l e x a c t i v i t y i n v o l v e s 

e n e r g y , the h i g h c o n c e n t r a t i o n o f g l y c o g e n may be e x p l a i n e d . F u r t h e r ­

more , the development o f these r e f l e x e s i s dependent on s y n a p t i c 

f o r m a t i o n and s y n t h e s i s o f h i g h q u a l i t y s p e c i f i c enzymat ic p r o t e i n s 
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t o g e t h e r w i t h phosphate e s t e r s o f a d e n i n e . These a c t i v i t i e s , when 

taken t o g e t h e r , h e l p t o g e n e r a t e the energy needed f o r the f u n c t i o n o f 

the n e u r o n s . The a b i l i t y f o r the sys tem's development depends on the 

a v a i l a b l e s u p p l y o f b a s i c a l l y h i g h q u a l i t y p r o t e i n s , c a r b o h y d r a t e s , 

l i p i d s and m i n e r a l s . The Impact o f the p r o t e i n s have b e e n a s s e s s e d i n 

terms o f d e f i c i e n c y on growth and deve lopment . 

The m o r p h o l o g i c a l changes o b s e r v e d i n t h i s s t u d y a r e s i m i l a r 

w i t h f i n d i n g s i n m a l n o u r i s h e d p i g s and dogs ( P i a t t and S t e w a r t , 

I969, 1971 j S t e w a r t and P i a t t , 1968) . T h e i r s t u d i e s show l o s s o f 

M s s l s u b s t a n c e i n motoneurons and i n c r e a s e d number o f p e r i n e u r o n a l 

o l i g o d e n d r o c y t e s . T h i s , i n a d d i t i o n to the p a t h o l o g y o f s q u i r r e l 

monkey neurons as o b s e r v e d i n Ihe p r e s e n t s t u d y , i n d i c a t e s d r a s t i c 

f u n c t i o n a l a l t e r a t i o n s i n the c e l l s and t h e i r a b i l i t y t o s y n t h e s i z e 

p r o t e i n s i n a normal manner. 

The i n t e r p r e t a t i o n o f enzyme d a t a , p a r t i c u l a r l y t h a t o f o x i d a t i v e 

and h y d r o l y t i c enzymes i s c a u t i o u s . A l t h o u g h o b s e r v a b l e d i f f e r e n c e s 

have b e e n o b s e r v e d i n enzymes a c t i v i t y be tween h e a l t h y and m a l n o u r i s h e d 

a n i m a l s , the e f f e c t s o f f i x a t i v e s on the a c t i v i t y cannot be o v e r 

emphasized (Manocha , 1970). 

The a c t i v i t i e s o f the p h o s p h a t a s e s s ow t h a t c e r t a i n m e t a b o l i c 

a c t i v i t i e s a r e i n i t i a t e d r a t h e r e a r l y i n s q u i r r e l monkey deve lopment . 

Thiamine phyophosphatase a c t i v i t y e s t a b l i s h e d the invo lvement o f the 

G o l g i complex . I t i s a p p a r e n t t h a t the enzyme has a v a r i a b l e r e a c t i o n 

under d i f f e r e n t e x p e r i m e n t a l c o n d i t i o n s , i n c l u d i n g m a l n u t r i t i o n ( O l k o w s k i , 

e t . a l . , 1972). The G o l g i complex has v a r i e d r o l e s i n the n e u r o n , such 

as s y n t h e s i s or p a c k a g i n g o f p o l y s a c c h a r i d e s or b o t h ( P e t e r s o n and 
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Leblond, 196*4-)5 condensation o f proteins synthesized on ribosomes 

(Caro and Pallade. ig6k; hadler, et. al., l$6k) , or the formation of 
membranes (Whaley, et. al., 196k). The apparent strong activity in 

protein depleted animals is difficult to understand. Normally 

neurons have a high rate of protein synthesis in the well developed 

endoplasmic reticulum. The decrease in Inosine diphosphatase which 

Is located at the subcellular level of the Golgi complex-enuo-• 

plastic retiaulum-lysosomes system (Novikoff, 1967) must be signi­

ficant although the implications are not known. Acid phosphatase is 

located within the lysosomes in malnourished and healthy animals . 

Koenig (1969) indicates that acid hydrolases within the lysosomes 

are in a latent state and can be called upon to split hydrolytically 

most cellular macromolecules . It is possible that in long protein 

depletion, the activity of these hydrolases Is triggered and their 

release splits mucopolysaccharides. This excessive activity may 

affect proper protein transport after synthesis has occurred in the 

ribosomes (Manocha and Olkowski, 1972). The ATPase activity seems to 

be reduced in depleted animals possibly because of the slow down of 

metabolic activity within the neurons of these animals . 

Succinic dehydrogenase of the Kreb's cycle has been investigated 

since the cycle is responsible for a significant source of free energy 

in higher animals as primates. These enzymes are located primarily 

within the mitochondria and show a reduction in activity in the 

severely malnourished state. It appears a compensatory role is indicated 

by glia adjoining chromatolysed neurons since these show rather strong 



a c t i v i t y . I t seems as though the r o l e o f g l i a i n s e v e r e m a l n u t r i t i o n 

i s l i m i t e d , i n s p i t e o f t h e i r a p p a r e n t r o l e I n the e n e r g y r e q u i r e m e n t s . 

Hyderi (1967) has s t a t e d t h a t "the neuron and i t s g l i a a r e i n t e r l o c k e d 

i n an energy sys tem,which may swing "between the two p o s i t i o n s . " 

The a p p a r e n t i n c r e a s e d l a c t a t e dehydrogenase I s p r o b a b l y an 

i n d i c a t i o n o f I n c r e a s e d a c t i v i t y i n a n a e r o b i c m e t a b o l i s m b u t as i n the 

case o f the v a r i a b l e d i s t r i b u t i o n o f ^ - g l y c e r o p h o s p h a t e d e h y d r o g e n a s e , 

t h i s i n t e r p r e t a t i o n i s o n l y s p e c u l a t i v e . 

A c e t y l c h o l i n e s t e r a s e d i s t r i b u t i o n i m p l i c a t e s a c e t y l c h o l i n e 

m e t a b o l i s m i n the s p i n a l c o r d . The enzyme a c t i v i t y I s not s i g n i f i c a n t l y 

d i f f e r e n t i n e i t h e r m a l n o u r i s h e d o r h e a l t h y an imals a t the membrane 

a r e a s . T h i s may mean impul se t r a n s m i s s i o n i s not s e v e r e l y a f f e c t e d b y 

m a l n u t r i t i o n . 

C o n c l u s i o n s 

The i m p l i c a t i o n o f t h i s s t u d y o f p r o t e i n d e p l e t i o n d u r i n g 

i n t r a u t e r i n e growth o f f e t a l s q u i r r e l monkeys i s s i g n i f i c a n t i n that 

c e r t a i n h i s t o p a t h o l o g l c a l a l t e r a t i o n s have been n o t i c e d . These 

a l t e r a t i o n s b r i n g t o b e a r c e r t a i n b i o c h e m i c a l a d a p t i o n s b u t i n s e v e r e 

derangement o f r i b o n u c l e o p r o t e i n complex or i n t h a t or c h r o m a t i n , i t 

i s l i k e l y t h a t the f e t u s e s can no l o n g e r w i t h s t a n d such d r a s t i c changes . 

The f e t u s e s a r e not p r o t e c t e d from any a d v e r s e c o n d i t i o n s o f 

n u t r i t i o n t h a t a f f e c t the mother d u r i n g p r e g n a n c y . From the h i s t o ­

c h e m i c a l and c y t o c h e m i c a l s t u d i e s , i t i s o b v i o u s t h a t the d e g r e e to 

which f e t u s e s can b e s u b j e c t e d to b o t h m o r p h o l o g i c and f u n c t i o n a l 

d i s o r d e r s i s s e v e r e . I f t h e s e e f f e c t s a r e not c o r r e c t e d i n I n f a n c y , 



tliey can have serious consequences in later life, particularly 
for the human being. 
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CHAPTER V I 

RECOMMEITOATIOWS 

The s tudy o f p r e n a t a l p r o t e i n d e f i c i e n c y i n s q u i r r e l monkeys 

shows the s p i n a l c o r d as a h i g h l y v u l n e r a b l e o r g a n to p r o t e i n 

r e s t r i c t i o n . The e x p e r i m e n t a l p r o t e i n d i e t s f e d were s t a r t e d about 

45 days a f t e r p r e g n a n c y and i t w o u l d b e i n t e r e s t i n g t o f i n d out 

whether m a l n u t r i t i o n a t the onset o f p r e g n a n c y has the same or a more 

s e v e r e consequence on the s p i n a l c o r d o r o t h e r nervous t i s s u e . The 

use o f h i s t o - and c y t o c h e m i c a l t echn iques f o r i n s i t u l o c a l i z a t i o n 

h e l p s t o p i n p o i n t any v a r i a t i o n i n the d i s t r i b u t i o n o f n u c l e i c a c i d s , 

r i b o n u c l e o - p r o t e i n complex , p r o t e i n s , enzyme d i s t r i b u t i o n and o t h e r 

c e l l u l a r c o n s t i t u e n t s w i t h i n the s p i n a l c o r d n e u r o n s . 

Such a p r o b l e m a p p e a r s i n t e r e s t i n g and I recommend that more 

work b e done i n t h i s a .rea . 
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Enzyme Cytochemical Methods Used 

Enz;yme Techniques References 

Acid phosphatase (AC) 

Adenosine triphosphatase (ATPase) 

Alkaline phosphatase (AK) 

Inosine diphosphatase (ATPase) 

Thiamine pyrophosphatase (TPPase) 

Acetylcholinesterase (AChE) 

Alphc-glyeerophos-phate 

dehydrogenase (a-Gly-P DK) 

Lactic dehydrogenase (IDH) 

Succinic dehydrogenase (SDH) 

Simultaneous coupling azo-dye 

Lead method 

a-naphthyl phosphatase method, 
Naphthol AS-Bi phosphate 

azo-dye 

Direct coloring thiocholine, 
Koelle &nd Friedewald (19^9) 

Nitro BT method 

Nitro BT method 

Nitro BT method 

Barka and Anderson (1963) 
Gregg and Fearse (1952) 
Barka (i960) 

Wachstein and Meisel (195?) 

Gomori (1951, 1952) 
Burstone (1958 a,b) 

Kovikoff and Goldfischer 
(1961) 

Ilovikc.ff and Goldfischer 

Kaxnovsiy and Roots (1964) 
Couplaad s.nd Holwsa (1957) 

Hess et al. (1958) 

Hess et al. (1958) 

Nachlas et si. (1957) 

ro 



T a b i c 2 

C y t o c h e m i c a l Observa t ions on the Enzyme A c t i v i t i e s i n H e a l t h y and Malnouriohod Animals 

2% P r o t e i n 
h' is tochemical Reac t ion 

B% P r o t e i n 
H i s t o c h e m i c a l B e a c t i o n 

H P r o t e i n 
Hiatochoni lca l Reac t ion 

Enzymes 
V e n t r a l 
horn 
c e l l s '• 

D o r s a l 
horn 
c e l l s 

G l i a l 
c e l l s 

Neurop i l V e n t r a l 
horn 
c e l l s 

D o r s a l 
horn 
c e l l s • 

G l i a l 
c e l l s 

Neurop i l V e n t r a l 
horn 
c e l l s 

C o m a l 
horn 
c e l l o 

G l i a l 
c e l l s 

N e u r o p i l 

A c i d phosphatase +++ ++ 
to 
+++ 

+ + ++ ++ + i t o •* + t + + i t o + 

A l k a l i n e phosphatase + + + + + ++ i + + 

Inos ine d iphosphatase +++ ++ 
to 
+++ 

+++ ++ ++ +++ ++ + •f + + 

Thiamine pyrophosphatase +++ ++ 
to 
+-H-

+++ + ++ 
to 
+++ 

++ -H-+ + + 

to 
+ 

+ 

to 
+ 

+ 

to 
+ 

+ 

Adenosine t r i p h o s p h a t a s e ++ 
to 
+++ 

++ 
to 
+++ 

+++ ++ ++ +++ ++ ++ ++ •H-+ 

A c e t y l c h o l i n e s t e r a s e +++ +++ + + ++ 
to 
+++ . 

+H- + + ++ 
to 
+++ 

++ + + 

S u c c i n i c dehydrogenase +++ ++ 
to 
+++ 

++ ++ ++ 
to 
+++ 

++ 
to 
+++ 

+ 
to 
++ 

+ ++ ++ + + 

o( -g lycorouehydrogenase ++ 
to 
+++ 

++ + ++ ++ ++ + + + + + + 

l a c t i c dehydrogenase +++ 
to 
++++ 

•H-+ + 
to 
++ 

++ +++ +++ + 
to 
++ 

+ ++ 
to 
+++ 

•H-
to 
+-H-

+ 
to 
++ 

+ 

Legend; - = n e g a t i v e r e a c t i o n + + = Moderate a c t i v i t y K - = nuc leus 
t = n e g l i g i b l e a c t i v i t y +++ = s t r o n g a c t i v i t y Ku *> n u c l e o l u s 
+ - mild a c t i v i t y + + + + = v e r y s t r o n g a c t i v i t y C = c y t o p l a s m i c a c t i v i t y 
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