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BESULTS AND_DISCUSSION

‘Experiment 1 @

. FPrenatal undernutrition :

‘ As mentioned earlier, for the studies on prenatal
uhdernutrition young virgin tenaleé were given a low protein
diet for onme month before mating and centinueé tn this diet
till partus. Although some adverse effects were found on the
reproductive performance of these animals, viahle pups were
produced. The effects observed were a greater nu@ber of still
‘ﬁirths and increased mortality during the postnatal period
(fable 6), However, in several studies eérriéd out in this
”laboratory'over the last decade, these effeets sheowed

considerable variation from experimént to experiment.

Maternal protein deficieney during gestation has been

found to be associated with poor maternal- weight gain,

inoreased incidence of still births, but gestational age aﬁd
average litter size were not found to be affected (Nelson and
Evans, 1953; Venkatachalam and Ramanathan, 1964; Siassi and
Siassi,\1973). $imilar observations have been made with
e;ergy résttiction (Barnes and Altman,‘1973; Smart and
Pobbing, 197ta; Baldzs and Patel, 1973), A ‘decrease in
Iitﬁer size with such restriction has been found by Chow and
Lee (1964). Maternal protein deficiency during lactation had

more serious consequences than that during pregnancy on the
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"Table € : Effects of a low protein ﬂieﬁg on reproductive

performance.
o ) % ,% protein in diet
§ 20 § 5
1. no, of females kept for breeding 16 . 51
2. no. of pregnancies - 14 32
8. % fertility j 87 62
4. -+ average litter size C 8o 7.5
Se no, of pups still born ! S
6. . | no, c;f live bii‘ths ’ 107 204
T. no. of deaths in the neonatal 8 84
period 4 , / ,
8, % mortality 7 oM
9. average hirth weight (g) 6.0 4,0
10.. average feaning weight (g)o@ &é 12

o

’@ fed from one month hefore matimg till 3 weeks after partus.

@@ 3rd week weight., -
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parfé:manee of the pups. The mortality of pups was‘dlﬁ
compared to 7% in controls. Most of this oeouiéd during the
first week of life,

Some differences in maternal behaviour were aléo noticed.
The eoﬁtrol mothers usually huddled elose to the pups. 1Ia
| contrast, the pups of protein deficient mothors were scattered
" all over the cage. Prankova (1972,1974) who has msnde a more
- “detailed study of maternal behaviour in protein defieieﬁcy'has

made similar ohgservations.
{

~

Pups born of the protein deficient mothers were found to
'fhave s;gnifieanﬁly smaller body and brain wéights as.chpared
to controls (Table 7). Simllar observations have been made by
other investigators (Zamenhof, Marthens and Margolis,'196é;‘ '
.Envonwu amd Glover, 1973; Siassi and Siassi, 18733 Glafk,
’Zamenhof‘and Marthens, 1973). 1In contrast no signifieant o
"~ decrease in brain weight was found with 50% restriction in the
amount of food available to the mothers (Kumar and Sanger,

'1970; Daldzs and Patel, 1973).

The protein concentration of the brain wes net Tound to
_ be altered, a finding consistent with that of several other
investigateors (Zamenhof et al, 1968; Zeman and Stanbrough,

1969; Dalazs and Patel, 1073; Envonvu and Glover, 1973).

v



Table 7

% protein in maternal diet

no, of pups
body weight (g)
brain waigﬁt (g)
velues per (g)'ﬁrain
protain (mg)
units of :
| GDH

GAD

6.5 + 0,084

*
.

]
i

58 _t 0,82

0.58 + 0,033

3.5 2'. 0.19

18

4.0 + 0,03%%x

H
n i LP
20 (ap)) | 5 () i ip X 100
x -4
@ 22

64

0:220 & 0.,003%*% 78

59 & 0.30

0.59 + 0.033

3.5 _'t 0027

105

105

100

@ Three Brains were pooled for each determination,

Values marked with asterisk significantly different from
P 0,001 for %%+,

cantrol values.
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The activities of brain gintamate dehydrogenase and
denarhﬁxylasg in the brain were not affected in the progeny
of the deficient mothers. Similar observations have been made
by Adlard and Dobbing (1971) with regard to enzymes such as
suceinice dehydrogenase, aldolase, acetylcholine esterase and
péﬁ-acetyl glucosanminidase in pups born of food restricted
nothers. ﬁow&ver, in other studies in this lahorétory a ></
deficit in acetylcholine esterase was found in oangenitall§

malnourished pups and this was associated with a delayed p

appearance of reflex activities such as righting, negativé'7/ N
geotaxis, cliff avoidance which are found in normal animals 1\
within the first three days after birth., Thus the effects oj/

prenatal deficiency may depend on the parameter 1n§estigatedij%m

;'Exéerimant Ila @

Effects of neonatal undernutrition at different ages

-

As mentioned earlier, attompis were mﬁde to extend the
' studies proviously carriod out on the effeots of neomatal
-undernutri;ion to a study of these effects in relation to age
\ﬁnd seveority of undernutrition. The present experiment was = .
concerned with the effects of undernutrition at ﬂifierent~7

BEOB .«

- Neonntal undernutrition was induced by manipulating
litﬁér size soon after partus. Punps reared in standard or

- large littdrs of '8 or 16 were killed at 4 weoks after birth
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and assayed for the activities of glutamate dehydrogenase

and deéérboxylaﬂe.

The reénlts are presented in Table 8. It can be saen
from the same that undemutrition durirg the neonatal period
resuited In gignificant deficits in brain GDH and GAD., This
is possibly becnuse of the fact that the maturation of both
these enzymes takes place during the neonatal peried. A ‘
qﬁestion arose as to whether the effects of undernutrition vary
with the stage of development and thqrerore with age. To
study the effects of neonatal undernutrition at different ages
pups reared in stondard or large litters were killed at 1, 2
and 3 weeks of age, Also some pups were killed at.birth for
ccmpariébn. The resﬁlts are piesented in Table 9. As can be
seen from the same, neonatal undernutrition was found to
result in a progressive retardation in body growth right from
the first week of}lifé. A similar retardation in brain weight
was not observed. similgr observations are found by Swaiman

et 81 (1970).

Eventhough the body weight andebrain woight deficlts
wore - apparent from the first week ofalife the enzymes GDH and
GAD were aftfected only from 2 weeks of ages Moreover,
deficits were higher at 2 weeks of age tnan‘at 3 or 4 weeks..
These results suggest ihat at the age of about 2 weeks the

brain is more vulnerable to nutritional deficienoy,
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Table 8 : Effeots of neonatal undernutrition on brain weight
' and brain enzymes (28 days).

Jitter size

=

: -
§ . " —é 28 ¥ 100
: c ; UN i
no. of animals 8 ‘ i6
p;an + s.00
body weight (g) at : '
birth 4.1 st 100 -
28 days 46.0+0.73 25.050,20 54,
brain weight (g) 1.2620.02 1,1339.02*#% 90
| units per g brainitissue
cou 3.840,10 3.220,027%¢ 84
GAD 33.,040.980 2T.040,44%%% | 82
Values marked with asterisk significantly different from

control values. P < 0,001 foy *¥¥,
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The data on weight and bﬁéin enzymes at different ages
are prosented in Table 11. It can be seen tgom the same that
the rate of increase in body and brain ysight and brain GBH
octivity were maximum during the first wéek of lite,‘whereaﬁ
GAD activity showed a maximum‘increase during the second week,
. A simllar pattern is found with regard to body ue{ght and brain
weight in the data of Adlard and erbiné {(1971); Envonwu and
Glover (1973); Siassi and Siéssi (1973) and with regard to
brain Gl in the values reported by Bayef and MeMurry (1967).
The pattern with regard to GAD is also consistent with other
studies (Van den berg et al, 1964; Bayer and MoMurry, 1967;
'Sims and Pitts, 1970). : .

A.qémparison of the increments with those in the undervg
nourished aninmals éuggesta that undernutrition slowed down
enzyse maturation appreciably during the second week when
ﬂady and brain growth which slowed down daripg the first week

did not show a further decline.

Experiment IIh ¢

As mentioned earlier the oldér slowfgrawing strain in
this laboratory has hgen‘more or less repléeed by a ftast
grawing strain. The above exporiment was repeated with the
new strain in order teo investigate strain differences if any.
~ As evident from Table 10, these results are comsistent with

those on the slow growipg strain. Protein concentration was

-
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not found to be affected at any of the agos studied. Siﬁt}ax
.

observations have been made by Swaimen et al (1970); Envonwu

and Glover (1973), and Sobotka et al (1974).

Ag in the previous'exﬁeriment anzyme deficits weré
apparent oﬁly at 2 woeks of age and also greater at this point.
This strain appears to have higher acﬁivities of GDI than '
the old strain (A) but GAD activity was found to be move or
leés similar in both., The pattern of inerements in bodylénd
brain wéights‘anﬂ in brain enzynme aetiviﬁy was similar in both
cases, Protein concentration was found to incresse from thé
first week ouwards, Similar observations have been made by
Cheek et al (1969), Envonwu and Glover {1673) and Balazs and
Patel (1973). '

Experiment III :

Effeots of different degrees of nndernutrition during the

neonatal period :

In the experiments just described neonatal unﬁe;nutrition
was found to affect brain enzyme activity at 14 and 21 days of
age but not at 7 days. These observations raised a question
as to whether the effects of deficiency vary with itslseverity
and more speeifiéally, whether the picture at 7 days would be
affected b& a more severe dégree of un&ernutfition~and whether

the size of the deficits observed varies at other ages, '
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Studies were therefore made of different degrees of
“undornutrition induced by (8) increasing litter size

(group II), (b) feeding the mothers & low protein diet during
lactation (group I1I) ahd (c) feeding the mothers a low protein
diet during gestation and laotation (gro&p IV). A control
group of mothers (group I) with gtandard litter sizq was fed

a high protein diet (Stock diet providing 18% protein)

| througbout{

[:Rs soon aa‘an animal in group IV delivered, ﬁothers uh;eh
‘had delivered on the sgsame day in the stock colony were assigned
to group I, II and YII with litter size adjusted to 8, 16 and
S. In the case ot .group IV, an adaquate number of females.
‘were kept. on the low protein diet and bred so that more thnn
"~one fomala delivered about the same time and 1t was possible
:to aﬂjust litter size in this group also to 6-8 in the event
of these mothers produoing small litters. The pups from all
_ the groups were Irilled at 7, 14.-and 21 days of age. ] '

As expected, the severity of undernutrition was greater
-with maternal protein deficiency than with increased litter
size and somewhat greater when maternal protein defic;au&y“was
" induced during both gestation and lactation . than during omly
‘lactation (Table 12). ”
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Effects of different Qegrees of undernutrition from birth

O A T G S Y A A U GRS AN G G ey S W G W O B W ARG G S G G W S S W SR s G Sl e N Wi Tty Ui S S SO e T S S Sets WO Y Wt S (UG Wy WS v S S

The results of these studies are presented in Table 13.
dey waight was found to he affeeted in all the three groups’
but more seo in the case of pups from mothers fed a low
protein diet during both gestation and lactation. Brain
weight followed a similar pattern. Protein concentration as
" well as engzyme activitics were mot found to be affected in
ﬁny of the groups. Similar observations have been made with
regard to GAD with maternal By deiiciency by Bayoumi and
Smith (1972) and with regard to shcninate dehydrogenase,
acetyl choline asterase gnd aldolase with maternal food
restriction by Adlard and Dobbing (1971). In both these
cases the body weight deficits were comparable to those |

obtained in the present study with maternal protein,deficieﬁcy.

The lack of any effects at seven days of age even with a
more severe degree of undernutrition is perhaps explicable
| when we consider the growth retardation was much less severe
at this age and this was also true of brain weight derieitg.
It also appears that in the early neonatal pe;ioﬁ.brain growth
retardation reaultiﬂé from undernugritién is much less than
body growth retardation on the basis of the ﬁata presented in
Pable 15, This might also be true of hraig enzyme maturation
which is maintained even in the face of a deficit in brain

. weight in the case of the prenataily undernourished animals.
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Effaects of different degrees of undernutrition from birth

to 14 and 21 days of age :

Table 14 presents the resuits for studies on the effects
of different degrees of undernutrition from birth to 14 and 21
days . The hody‘weight defiecits in the undernourished groups
were greater at 14 days than at ? days and greater in pups born
of the protein deficient aninals'than those reared in 1arge
siée litters.  This is not surprising as the mother nursing
a large litter ean compensate to some extent by 1ncr;asingv
‘fobd intake which is reduced with protein deficiency. The food
intake of mothers with standard and large litters was 34 g:and
45 g as against 9-12 g 1nréotbera fed a low protein diet, -
Buring this period brain weight deficits persistqd in the
group‘ reared in large litters anq increased fgrtﬁer in pups

reared by low protein mothers.

As in the provious experiment protein concentration was.
not affected in any of the groups and enzyme activities wera‘
significantly'dqcreaeed in all the undernourished groups as
~comparéd to controls but the deficits in brain enzyme |
aotivities were unrelated to the degree of nndernutrition.'
This is pe rhaps not surprising in the light of other studies
in this laboratory in wnieﬁ animdls fed a 5% protein diet
wore rqund to show similar defieits but deficits were not

inoreased by inereasing the severity of deficiency by feeding
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the animals diets containing 2, 3 or 4% proteiﬁ\although such
low levels of protein resulted‘in some 1loss of weiéht
(Rajalakshmi, Parameswaran and Ramakrishnan, 1974}, On the
oﬁher hand, in studies on the effects of neonatal under- -
nutrition on brain lipids, deficits in thé concentrations of
cholesterol, phospholipids and galaetolipids wers found to
inerease with moroe ae?ere degrees of underputrition
(Rajalakshmi and Nakhasi, 197;). These findings suggest that
the effecis of defieiencies'on noetabolic activity may present '
‘8 picture differént tromxthat on chemical composition aithough
| the two are interrelated. Such a suggestion is also supported
by a rather contrasting observation, namely, that protein
deficiency in the immediate post-weaning perioed produced
deficits in brain enzymes (Rajalakshmi et &1, 1965) but did
not influence the concgntratioﬁ'of lipids (Rajalakshnmi,
Nakhasi end Ramakrishnan, 1974). ' |

The above deficits pefsistpd at 21 days but the
percentage deficits did not increaée (Table 15). Rather, the
date suzgest some decrease in the size of these deficits.

This may be due to operation of an adaptive mechanism whe?éby
brain gfowth and maturation are maintéinedd at the expense of
. body growth, The ratio of body weight to brain weight was

greater in the andernouvrished animais, the differences bhetween
controls and undernourished animals becoming more evident with

the progress of undernutrition (Table 13).
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"Similar adaptive mechanisms are evident in the
differential effects of undernutrition on different aspects
of body growth. In human children, inorements in height are
achioved oven at tho expense of weight. Similarly, the
. length of the trunk is less artaéteﬁ then that of the long
; linbs so that sitting height is less affected than standing

height, an adaptatian\of obvious valne to the 6rganism.

Experiment IV :

_Effects of neonatal undernutrition confined to different

ages_on brain enzymes :

[In the experiments just described, deficits inm brain GDH
and GAD were found with neonatal undernutrition induced from
‘birth to 2 or 3 woeks of age but not at one week &hia,xa&sad‘
thﬁ/quggtion‘ggAto gggther‘gaequate mutrition during the
second and third weeks is more critical than during the first
week and as to whether the lack of a perceptible effeoet at
7 days is due to the shorter period of treatment or beecause
of decreased vulnerability during the first week of 1ife.

' Studies were therefore undertaken on the‘etiects of varying’
the period of undernutrition on the deficits observad.v
Undoernutrition was induced during only the first week or third
week or during the first two or last two weeks or during all

three weeks of the neonatal period by transferring the pups
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to mothers fed 2 low protein diet at the specified ages.

. All the pups were killed at 21 days of age.

It can be seen from the data presentaﬁ in Taﬁles 16 an&
17 that animals subjected to undernutrition only during the
Tirst week of life did not differ from oqnﬁrols with regard
to even body or brain weight suggesting é complete cateh up
_growth.

&

Undernutrition confined to the last week resulted in
~significant deficits in body and brain weight and also in the
activity of GDH hut neither protein concentration nor GAD
activity were affected. In this connection GDH activity seems
" t0 be relatively more sensitive to nutritional deficiencies
than GAD,EE;fhe basis of other experiments 10 be féyorted .
subsequently in this thesis as woll as other studies in this

3 g'\
At e Aeef ]

laboratory (Parameswaran, 197&1;)X (wmp < K

Undernutrition confined to the last two weeks produced
deficits in body weight, brain weight and brain GDH activity
comparable to those resulting from three weeks of under-

. . Fo o n ’ Coh iy rv\u«:”i@,
nutrition, but GAD was not affected, again-suggesting the
greater sensitivity of GBH to nutritional deficiency. The
percentage deficils with undernutrition from 7-21 days of
age compared with those obtained with the same induced from

0-14 days of age except in the case of GAD.  This is perhaps
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consistent with the appreciable increment in GAD aetivity |
during the first two weeks, the percentage increase during,‘
this period beingAiiﬁ and 135 as compared to 22 during the
last week on the baais of values obtained for control animals

at difforent ages in the previous expariment (Table 11),

Although a similar pattérn is evident iﬁ the ¢ase of
GDH also, the percentage inorement in GDH aetivit& (43)
‘éuring the third week of life was greater than that'in the .
case of GAD (22)., However, we aré unshle to. find a aatisféctofy

_explanation for the differential effects on GDH and GAD.

»

Animals undernourished during the first two weeks affer
-birth and normally nourished during the third week had not
,aéhtevea cateh up growth as judged by ha&y or brain weight.
Again it is interesting to note that inspite of thesé
persisting defiqits in body and brain weights GAD activity dia
'~not differ from control values whereas GDE activity was found

to be daereaseqf
’ :;é’/ Sé::ﬂxg*«é"\,,g;“ .
In summary/these results suggest that the effects of

tonathets  Se¥iblF

undernutrition vary not only with the period of treatment but
also the age at which they are introduced and that the latter
may influence the ontcome even at comparable lovels of

deficits in body and brain weights. / .

/7
P
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Effeocts of postweaning deficiencies and gubsequent rehabilita-

tion on brain enzymes in neonatally undernourished rats :

In the preceding experiment the effects of undernutrition
. frem birth to 2 weeks of age were not fully reversed by
rehébilitation for a period of one week, raising a question’
regarding the reversibility of the effecia of early underf
mtrition. In earlier studles in thia iaboratury on using

a slow=-growing strain, brotein dg!iciency in the postweaning
period was found to affect these brain enzymes whereas

. undernutrition was without a similar effect. Kowavef, the
affects of postweaning undernntrition were found to be
15£1uenced by the planc of nutrition prior to weaning

(kajalakshmi et al, 1974a).

In this connection, Darnes and his associates (1968&,9)
have found a combination of neonatal underm‘xtrition followed
by protein deficiency or undernutrition during the postweaning
period $o produce irreversible changes in behavior. The
present studies were undertaken in this context on the effects
of nutritional deficiencies confined‘té or continned heyond
the neonatal period. As mentioned earlier, animils #nderu
nourished till weaning were given a low or'high protein didi

or the latter inm restricted amounts for & weeks, The animals
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in all the groups were then fed a high protein diet for
6 weeks, Batchos of animals frﬁm eaeh group wexe‘killah at

each stage i.e. at é. 9 and 15 weeks of égem

The resulte of these studiéa are presented in Table 18,
A 4% protein diet was used in these studies as this was
eonéidered Just enough to maintain body weight in previous ﬁ
studies with another strain (Parameswaran, 1974). However,

/& small wuight gain was obtained with this level in the
present studies presumably beeausa of either strain differences
_or variations in the quality or casein. The food intake in
the restricted group was sought to bhe adjuétéd to 2-2.5 g so

as io résult in bedy weights comparable to those of low protéin

group.

As was expected the animals reared in large litters had
'smaller body and brain weights at weaning and decressed
activities of brain enzymes. Animals subjectéd to under-
nutrition in eariy life and rehabilitated on the high protein
diet for 6 weeks (2b) had not achieved a complete catch-up
with regard to brain and body waeights, but had normal levels
of enzyme activity. In previous studfes the brain weight of '
the undernourished and rehebilitated animals did not differ
(rajalakshmi gt 21, 1974a) from control values. That this
was not the eage in the present studies mighﬁ havélbean
because of the greater body and brain weight deficits at

weaning.
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The percentage increments in body weights during ph;se IX
and phése IIT wore greater in the undernourished and rehabilitated
animals {group il) than in controls (group 1) fTablq 19) an
ohservation which is widespread. These incfements,howevet,
declinod during phase III. Eventhough animals fed the 4%
_protein diet or the 20% diet in restricted amounts had
' comparable weights before rehabilitation, the latter were much
more active in thg oaae than the former and showed a better

response to subsequent rehabilitation.

As in previous studies, protein conéentration‘was not
found to be affected by either undernutrition or protein
‘deficiency during any phase of the experiment. -Neonamally
undernourished animals when rehabilitated during phase II had
normal activities of the brain enzymes studigd in spite of
persisting deficits in hody and brain weights vwha*reas deticits
in GDH persisted when fod. either the 4% protein diet or
" high protein diefz;astricted amounts....: The activity was not
- further léwered with a low protein diet, an observation
cbnaistent with previous findings){ﬂagalakshmi et al, 1974&).
GAD aﬁtivity was lower im both these grouﬁs but tﬁe values
were not significantly d;tférent\trom'coﬁtrols., This is at
Vvarianca with the results of previons studiés using a
different strain (Rejalskshmi et al, 197§a) and we can omnly
attribute this 1 strain differences. In any case, it is
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interesting to note agein that GDH shows groater sensitivity
-£0" the effeots of nutritional deprivation than GAD,

The animals subjécted to nutritional deficiencies during
phase I and I1 and rehabilitated ﬁuring phase III had normal
activities of the brain énzymes studied in gpite of the ,
persisting defioits in body and brain wgights. This contrasts
with the apparently irraVersiblérérrecté on behavior noted by
Barnes and his agsdéiates (1966, 1968b)and similar irreversible
defioits on brain liplds noted in other studies in this
laboratory (Nakhasi, unpublished). These studies underline
the differential effecots of prolonged and severe undernutrition

on differential aspeets of brain structure and function,

Experiment VI :

Effects of neomatal undernutyition on different regions of

rat brain :

S e S S B B S S

The brain is far from a homoganeous organ and the
different regions of tho same vary considerably in wezght,
period of maturation, strueture. composition and fgnction.

It is thereéfore to be expecfed that they would also vary iﬁ
their susceptiblility to the effeects of ﬁntrition. Such has
indeed been found to be the case In studies on the effects of
undernutrition in rats during the neonatal.perio@ on parameters

- such as DNA; RNA, protein, lipids and enzymes (Table 20),
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Similar differences have been observed in the effee?a ot
protein deficienecy during the immediate postweaning period on
several brain onzymes including GDH and GAD (Rajalakshmi,
Thrivikraman and Ramakrishnon, 1971). Studies were therefore
carried out on the effects of neonatal underputrition on these
enzymes as well _as DNA and protein content in different regions
of the brain, namely, the cerebrum,cerebellum and brain stem.

The period of undernutrition was 14 or 21 days.

Theéresults of these studies are presented in Tables 21
and 2&?E§A11 the regions had degreaseé weights but the defieit
was waximum in the case of cerebellum (Table 23). The
percentage deficits were more or less the same at 14 and 21
days. DNA content was found to be increased between 14 and
21 days of age in all the regions as might be expected.
Although the undernourished animals also showed appreciable
increase:, the DNA content of the cerebrum and cerebellum
was less in this group at 14 days of age and in the cerebelium
at 21 days of age suggesting some compensatory increase in
¢ell number in the cerebrum during the third week, At both
periods the deficit was greater in the case of the cerebeilum,
an observation consistent with others findings (Fish and
Winick, 1969; Sobotka et al, 1974)}. Protein concentration
inereased between 14 and 21 days in both groups and was not

affected by undernutrition in any of the regions, Similar

findings have beon made by other investigators (Patel et ai,
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1973; Sobotka et al, 1974). Protein/DNA seemed to be

, the
significantly decreased injcerebrum and stem at 14 days and in
the cerebrum at 21 days. Maximum deficits were found in the

cerchrum,
- 1

GDH was found to be affected at 14 and 21 days of age
in the cerebrum and cerebellum. The deficits were of the ‘
same magnitude in both the regions at 14 days but were higher
in the cefebellnm at 21 days. The brain stem was not affected.
Iin this connection the stem seems to he less susceptible to
undernutrition, GAD activity was affected only in the
cerebrum at 14 days, and in both the cerebrum and cerebellum
at 21 days, the deficits in both regions being similar. Agein
the stem remained unaffected. It is interesting to note that
the stem seems to attain adult values at 14 days of age whereas
in both the cerebrum and cerebellum the activity of this enzyme
continues to increase well after this period (Table 22), This

is consistant with the findings of Bayouxi and Smith (1973).
[aXBIIANAY f\f‘/\‘% . ‘

) fhege studies suggest the greater susceptibility of the
cerebellum to the effects of nutritional deficiency, the
reverse being true of the brain stem. The former is consistent
with the findings of Fish and Winick (1969), Chase, Lindslaf
and O'Brien (1969), Dickerson amd Jarvis (1970), Patel, Baldzs
and Johnson (1973), Sobotka et al (1974) whereos the latter is
consistent with the findings of Fish and Winiok (1969) and
Sébotka et al (1974).



