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INTRJOIIUCTION

Undernutrition is a known factor

influencing the pattern of brain de-

velopment. This factor was observ-

ed early as to cause a reduction of

brain weight (Sugita, 1918 and Jack-

son and Steward, 1920). Several
parameters have been used bY

which the effect of undernutrition
on the develoPment of the brain
could be defined, among these are
DNA content (Chase et at, 1969;
Winick et aI, 1968 and Winick,
(1969),  cel l  number (Winick et aI ,
I968 and Zomenhof ef al, 1968), neu-
ron size and ultrastrutural changes
(Lowry et aI 1962, and Olivito,1977),
myelination (Dobbing, 1964; David-
son and Dobbing, 1966; Dobbing and
Widdowson, 1965; Cully and Mertz,
1965 and Benton et al,1966) and on
garification ( Abdel Kader et aI.
1 9 7 6  ) .

In this study an attempt is made
+o demonstrate the effect of neona-

tal undernutrition on the develop'

ment of the cerebellum of mice at

different stages of growth' The scope

of the quantitative study was the
growth of the whole cerebellum
through measuring the surface area

of the cerebellar cortex and the

white matter, the cranio-caudal ex-
tent of the cortical sheeth and the
thickness of the external granular

tayer ancl the whole cerebellar cor-
tex. These parameters have not been
dealt rvith before, at least, in the
available litrature.

MATEF,IAL AND MEIIIODS

A total number of 60 newlY " born
mice vras used of which 48 were ex-
perimentally undernourished, while
the remaining 12 were adequately
fed and used as controls.

Undernutrition was achieved by
bleeding at least 12 offspring with
one lactating mother until weaning.
However, adequate feeding of the
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controls was ensured by housing
only 3 newly-born litters with one
lactating mother till weaning.

Both control and underfed ani-
mals were classified into 4 age-
groups and were sacrified at Sth,
?th, 10th, 15th and 20th day post-
natally. Ether anaesthesia was used,
and the brains were extracted and
flxed, in Bouin's fluid. After ProPer
dehydration, clearing and parafiin

embedding,serial sagittal sections
were cut at lDu. The mid - sagittal
section of each series was chosen to
be stained by the gallocyanine stain.

The stained mid-sagittal sections
were projected by a projecting mi-
croscotr)e in a dark room at a linear
magnificantion of 46 times. The out-
line of the section and the line of
demarcation between the cortex and
the white matter were traced on a
sheet of paper. From these pro-
jectons, the cranio-caudal extent of
the cerebellar cortex of the mid-
sagittal section was measured_ Also
the surface areas of the whole mid
sagittal section, the cerehellar cor-
tex and the white matter were
measured by a planimeter.

From the stained mid-sagittal sec-
tions, the thickness of the external
granular layer and that of the whole
cortex were measured by an eye
piece micrometer at the sides of the
postcentral fissure, the horizontal
fissure and fissura secunda. The mi-
totic flgures in the external granular
layer of the mid-sagittal section
were counted.

RESULTS

7. Cerebellar Histogenesis :

A) The erternal giranular layer
(E.G.L.)  :  (Figs. 1.  .5)

In underfed animals, this layer ap-
pears much thinner than that of the
controls of the corresponding age.
Like in the controls, regional varia-
tion in the thickness of the E. G. L.
is noticed till the age of 10 days. It
is found to be thiclter at the an-
terior region of the vermis (the ling-
ula, central lobule and culmen). The
thickness of E.G.L. in the caudal re-
gion (the uvula and nodule) is no.
ticed to be less than that of cranial
part. In the mid-vermian region
(the declive, folium, tuber and
pyramid) the external granular
iayer reaches its minimal thickness.

Ilo'ivever, at the ages of 15 and 20
ciays, the thickness of the external
granular layer only at the mid-re-
gion of the vermis in underfed ani-
mals exceeds that of the controls.

The E.G.L. continues to persist at
the age of 20 days (mainly in the
mid-vermian region) (Fig. b), al-
though it disappears at the age of
20 days in the controls. It reaches
its maximal thickness at the age of
? days (the same occurs with the
eontrols).

The dividing cells in the outer
zone of this layer (the germinal
zone) in the underfed eerebellum
appear to l:e less than those in the
controls of the corresponding age.
Mitotic figures (within the germinal
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zone) continue to persist at the age

of 20 days at which age theY norm-

ally disappear.

B) The molecular laYer: (Figs. 1- 5)

This layer in aII underfed animals

is noticed to be less in thickness

than that of the control mice of the

corresponding age, insPite of its
'continuous increase rn thickness till

the age of 20 days. Regional varia-

tion in thickness of this layer is no-

ticed. It is thinner in the region of

the declive, folium and tuber (mid-

region of the vermis) than in the

cranial and the caudal regions.

The density of the migrating cells
(from the E.G.L. to the internal
granular layer) is some what less in

the underfed animals, except in the
mid-vermian region at the age of
15 - 20 days when it is noticed io ex-
ceed the controls.

C ) The internal granular laAer

( F i s s . I - 5 )

The thickness of this layer increa-
'ses with the progress of age tiII the
age of 20 days. The internal gra'
nular layer in the underfed animals
is less in thickness than in the con-
trols of the corresponding age in
all the stages studied.

D) The Purkinje celllaEer :

( F i s s . 1 - 5 )

The Purkinje cells appear as large
pale nuclei surrounded by a moder-
ately basophilic cytoplasm. Normal-
ly, at the age of 7 days and after the

Purkinje cells are arranged into a

separate laYer formed of one row

of cells.

In underfed animals Purkinje cel'

Is appeared to be smaller in siae

with smaller nuclei and decreased

basophilia, comPared with the con'

trols of the same age. The Purkinje

cells are arranged in more than one

row and the ceils are intermingled
within the cells of the internal gra-

nular layer. The arrangement of

Purkinje cells in one row is not rea-

ched till the age of 15 days (mainlY

in the mid-vermian region and the

nodule).

E ) The uhite matter :
( F i s s . 4 & 5 )

Both in control and undernouri-
shed animals, the white matter aP-

tr)ears as a pale zone with nuclei ar'
ranged parallel to the surface. The
density of the nuclei increases till
theage of ? days and it decreases at
older ages. In underfed animals the
thickness of the white matter is no.
ticed to he less than in the cor-
responding controls.
11. Quantitatiae results :

1) Mitotic fr.gures ol the E.L.G.
( T a b l e l )  ( F i g . 6 )

The number of mitotic figures per
mid-sagittal section of control ce-
rebella increased up to the age of 7
days. The count then falls till the
age of 20 days, when no mitosis
could be detected. In underfed ani.
mals the counts of mitotic flgures
were much below those of the con-
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trols of corresponding age. This 3/ Thickness of the eerebellar

holds true except at the age of 20 cortet : (Tabte 3) (Fig.g)
days. The counts of the mitotic fi-
gures per mid-sagittal section equa- since the mode of growth of the

led 67, ?1, BB, 67 and 200% of those cerebellar cortex is relatively tlre

of the controls in the ages of b,?,10, same at the sides of the 3 flssures

15 antl 20 clays respectively' 
(postcentral' horizontal and secon'
dary flssures), the data given are

The apex of the curve of mitotic those at the sides of the postcentral
figures lies against the age of 7 days, flssure; which is taken as a repr+
both in control and underfed ani- sentative example.
mals' 

Both in control and underfed
2) Thickness ol the etternnl animals the thickness shows a con-

granular laEer : (Table 2) (Fig. 7) tinuous increase till the age of 20

The thickness of the E.G.L. at the days' Those of the undernourished

sides of the postcentral fissure, in animals equal B1'86'83'Bland 83% of

the mid-sagittal section, is taken as that of the controls at the ages of

a representative example. 5'7'10'10 and 20 days respectively' rn
underfed animals the curve of

Both in control and underfed ce- growth in thickness of the cerebel-
rebella, the thickness of this layer hr cortex against the age lies at a
increases till the age of 7 days. This lower level than that of the con-
is followed by a continuous drop trols.
till the age of 20 days' 

4) The cranio-caudal ertent ol
In undernourished mice the thic-

kness of the E.G.L. is less than that
of controls except at the age of 20
days. The thickness of this layer
equals 71,64,84, 83 and 600% that
of the controls at the age of 5, 7, 10,
and 20 days respectively.

The curve of growth of this layer
in the underfed animals lies at a
lower level than that of the controls.
It declines sharply from the age of
7 days to the age of 15 days. Lastly it
exceeds that of the eontrols. A gra-
dual increase is noticed between the
age of 5 and 7 days. The peaks of
both curves lie opposite the ?th day.

the cerebellar cortex.

(Table 4) (Fis.9)

In both control and underfed ani-
mals, the extent of the cerebellar
cortex, per mid-sagittal section, in-
ereases with age. Those of the un-
derfed cerebella are less than those
of the controls at different ages.
The cranio-caudal extent of the cor-
tex in underfed animals equals, ?0,
71,86,79 and 85% of that of  the con-
trols at the ages of 5, 7, 10, 15 and
20 days respectively.

The curve of growth of the cranio-
caudal extent of the cortex, in both
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control and underfed animals,
shows a continuous increase till the
age of 20 days. That of the under'
nourished mice lies at a lower level
than in the controls.

5) The surlace o,reil ol the mid-

sagittal, section :

(Table 5) (Fig.10)

The surface area of the mid-sagit-
tal section increases with age both
in control and underfed animals.
The surface area of the underfed ce-
rebella equals 58, 59 77, B0 and 86tl{r
of that of the controls at the ages of
6,?,10, 15 and 20 days respectively.

The curve of growth of the sur-
face area of the mid-sagittal section
of the undernourished mice lies at a
lorver level than that of the controls.

6) Surlace area ol the cerebrellar

cortex : (Table 6) Fig1, 11 t.

The surface area cf the cerebellar
cori,en per mid-sagittal section of
the trndernourished animals is less
than that of the controls at all ages.
I t  equa ls  59 ,  52 ,  77 ,79  and B6o i ,  o f
that of the controls at fire ages of
5,7,10,15 and 20 days respectively.

The growth curves, of controls
and underfed, show a continuous in-
crease till the age of l0 days. The
cuive of the undernourished ani-
mals. however, lies ;rt a lower level
than that of the controls.

7 ) Surlace area ol the white mattet 3

(TableT) (Fig- 12)

In controls, the surface area of
the white matter, per mid-sagittal
sections, shows an increase till the
age of 7 days followed by a sharp
inclination between the age ? and 10
days. Finally a progressive increase
till the age of 20 days is noticed. A
relative stationary phase of growth
is noticed between the age of lS and
20 days.

In underfed animals, the curve
shows the same pattern as in the
controls, but it lies at a lower level
than that of the controls and also it
shows a progressive increase bet-
ween the age of 10 and 20 days.

The surface area of the white mat-
ter oL the mid-sagittal section in un-
cLerfed. anirnals equals 60, ?S, 78,72,
and B0oo of that of the controls at
the r:g;es of 5,7, 10, 15 and 20 days
respectively.

DXSCUSSION

Tlre present work shours that
unci.ernntrition causes retarded
growth of the eortical elements as
proved by the lristologicat flndings.

J'ltc ettental glrantt,Iar l,ayer :

The external granular la.yer (E.G.-
L.) irad l.he sanre pattern of arrange-
ment in underfed animals, as that
cf the contiols, ll l,hcug_;h it shorvs a
r:ontinnous rerlrretion of layers
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{rows of cells) compared with con-
trols. The explanation of this phe-
nornenon is that undernutrition ca-
uses a decrease in protein and DNA
content. DNA synthesis in rat brain,
stopped early at 1? days mainly in
the cerebellum, the early restriction
of diet interferes with cell division
and the animal is left with a de-
creased number of cells ( Winick,
1969). On the contrary, late under-
feeding causes reduction in cell size
with no effect on cell number (Su-
gita, 1918; Winick. et a.l 1968 and
Winick. 1969).

Malnutrition during pregnancy
will result in offspring whose
brains contain a reduced number of
cells (Zornenhof et al, 1968). Our
present work confirrned these data,
as we flnd that the count of the mi-
totic flgures in the E.G.L. per mid-
sagittal section is less than in the
controls. The peak of the mitotic
count lies at the age of 7 days (as in
the controls ). Reduced mitotic
connt was ohserved in hypothyroid
cerebella (Hadclara ef aZ. 1975 and
Matta et aI, 1976) hut the peak of
the mitotic count occured at the age
of 10 days. We could suggest that in
undernutrition reduction in mitosis
is due to redueed cellular prolifera-

tion due to decreased DNA con-
tent. However. in hypothyroidism
elongation of mitotic cycle and bloc-
kage of differentiatt'on, thus leading
to accumulation of cells under-
going mitosis, are the causes of the
shift of the peak to the age of 10
days (Matta et aI, 19?6).

It could be suggested that there is

a certain period of the postnatal life
during which undernutrition would
inflict the severest eflect on the ner'

vous tissue. Dobbing and Widdow-
son (1965) and Brasel and Winick
( 1970 ) stated that underfeeding
would be greatest if it occurs with-
in the time of the rapid growth of

the brain. which could be consider-
ed as the critical period of growth'

However, the changes Produced bY
neonatal rrndernutrition can be re-
versed with adequate feeding (Wi-

.'rick ei aZ. 1968 ). Undernutrition
only causes metabolic changes in

the cells (Sharma and Sohan, 1976)

causing hastening of ageing process.

It causes minimal E.M. changes in

cerebellar neurons (Olivito, 1977 ).

Eayr 's and Horn (1955),  I lorn
(1955). and Mulinos and Pomerantz
(i940) stated that both hypothyroi-
dism and underfeeding cause retar-

clation in brain develoPment, and

that undernutrition could lead to a

decrease in thyroid function. How-

ever,  Legarnd (196? & 1971) disbe-
lieved. this view and stated that, un-
Iikely unrlerfed rats suffered from
any degree of hypothyroidism. This
view was supported recentlY bY
I{runp et al (19??) who stated that

the thyroid gland of undernourished
animals did not anpear to be hypo-
active as previously reported.

Bi i lani  et  al  (19?6) claimed that
cell proliferation and cell migration
of E.G.L. and cell ciifferentiation of
cerebellar cortrx are laging behind
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in low weight category of normal
mice.

Surtace area, thickness atzd er,tent
ol the cerebellqr corten.

The present flnding of redr.rction
of surface area of the cerebellar
cortex of underfed animals could i:e
attributed to two factors :

1) Firstly, the thickness of the
whole cerebellar cortex is less than
that of the cr:rresponding controls.
This is caused by decreased thick-
ness of the E.G.L., decreased thick-
ness of the molecular layer and
internal granular layer. Ti:e docu-
mented suppression of proliferation,
and meanwhile, migration of the
pells of the E.G.L. could account for
reduction of numl:er of cells in inter-
nal granular layer and reduced nu-
mher of axons of granule ceils
within the molecular layer.

2) Secondly, the cranio-caudal ex-
tent of the cortical sheet is less than
that of the controls. Haddara et aI
(1975) stated that the dendrites of
Purkinje cells are responsibie for
the expansion of the cortex in a cra-
nio-caudal direction. Accordingly, we
could suggest that underdeveloped
Purkinje cell layer (nrore than orre
row of cells) is responsible for the
decrease in the cortical extent.

The curves of growth of area of
the whole mid-sagittal section and
area of cerebeliar cortex, show that
the cerebellar eortex is the main
factor for the growth of the eerebel,

iurn, and that any factor that could
aiiecr; it will retard the development
of the cerebellum.

The white matter :

$<;cn in controls and rrnderfed
animais the white matter shows an
increase in its surface area tili the
age of ? days followed a sharp in-
clination till the age of 10 days.
Lastly a continuous increase is no-
ticed. The flrst increase could be due
to the density of the white matter
with the nuclei of the cells but due
to the migration of the cells of the
white matter to the internal granu-
lar layer a recluction in the surfaee
area occurs. The following increase
(after the lge of t0 days) could be
due to the beginning of r:tyetination.
Myelination is depenciant, at least
in part, on cellular growth of brain
and is influenced by factors afiect-
ing cellular growth (Davidson and
Dol.l:ing, 19ij6 and Eensted et aI,
1957). Malnutrition before weaning
in rats produced retarded develop.
ment of myelination (Dobhing, and
Widdowoson, 1965; Dobbing, 1964;
Cully and Mertz, 1965; Benton ef {d,
i966 and Noback and Rosso, 1976).
So we could conclude that the de-
creased surface area of tbe whitr
matter after the age of l0 days jn
underfed animals, could be dlue to
retarded myelination.

SUMMAEY

The effect of unrlernutrition on the
postnatal development of the cerebellunr
of the mouse was studied,

- * 6 5 _

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle



There is retardatlon in the development

of external granular layer in unilerfed

cerebellum. trt persists in most after ?0

days' however, it disappears in the con-

trols.

The molecular and the internal granu-

lat layers are thin in the underfed ani-

mals, and Purkinie cell layer is formetl of

more than one tow of cells' The thlck-

ness of the E.G'L. is less than the control

anil its maximal thickness is reached at

the age of ? days, the same occurs with

the count of mitotlc ligrrres'

fhe thickness and the surface area of

the cerebellar cartex increase with age

and are less than ln the controls' The

surface area of the white matter is less

than in the controls-

The results are discussed in the light of

the availahle data in the literature' A

comparison is drawn hetween effects of

undernutrition and hypothyroitllsm on

the cerebellar develoPment.
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Tabte (1)

Averagemitot icf igurescountedintheexternalgranular layer

per mid,-sagittal section in both control and rrnderfed cerebel-

Ium (at different ages).

Age

in days

UnderfedControl

5

a

10

15

20

230

324

210

B2

Zero

154

231

184

2 l

2

Table (?)

Average thickness of the external granular layer of control and

underfed cerebellum at difierent ages measured in microns at the

sides of the postcentral flssure (C) the horizontal flssure (H)

a n d f l s s u r a s e c u n d a ( S ) a t t h e m i d - s a g i t t a l s e c t i o n .

Age

in days

Contr,rl

H S C

Unclerfed

HC

c

4
I

10

15

20

56

66

38

12

Zero

63

40

26

6

52

60

3?

10

Zero

40

42

32

10

Zero

42

36

14

36

38

32

10

6
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Table (ll)

A"",ei:age thickness of the r.:.lrc-bcilar ccrtcl: of conirol- end uncler-

fecl cerel;eiitrrl.. et diiiereirt eges, mensured in inicrons a.t the

sicles of the pcscfntral fissut'e (C) Lhe fiorizrontal fissure (II) ancl

fi.issura seconda t 5) at iJre tlit.l-sag;il'tai tieii-ion'

Age

in days

CrL t r t i , i l .

H

u r lq. t r leq

C '5l{c

D

ry,

19

1 5

2C

l 0 l

q ' l t

- i.r il

3ti)

1 6 4

icil

l 1 2

:ilrJ

L 3 6

a  d 1
I  r l

240

,i. q r!.,

186

1 9 2

, : ) f i

1 1 0

i30

190

t32

2t2

i 1 c

. l . l  5

1 D . )

i t l i

Tabie (4 )

/,vcrege cls.:.:l:'.o.crtrcliil c:lterii" cI tlre ceiebelliir cr:rt::; cf crot-rt,rol

encl und-erfeci eerebclla lt rii:i,:,'cl.t t:'i'{-r:; (r:-':ri..-,'.irci'l i'"t lr-ijci-.calr-it+"il1

section in mm)

Age

in days
.lrrtrtrol. Unclerfed

5

nt

1 n

1 5

20

1 r l  A . t

16.00

22.64

27.87

2 S . 1 0

9.01

1 1 . 4 3

r9.48

??.00

?4.?3
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Table (5)

Average strrface areas of the mictr sagittal section, of control

and underfed cerebella at differ':n'b ages (measured in mm:).

Age

in days
Control, U nc{rrfed,

5

7

1 0

15

20

1.93

2.t9

4.80

6.2t

7.04

1 . 1 3

1.65

3.6S

5.01

6.02

Table (6)

Average surface af,eas of the cerebellar cortex of control and

underfecl cerebella at different nges ( measured at mid-

sagittal section, in mm').

Age

sdnp u1
Control. Underfed

5

4
I

10

15

20

1.32

2 . 1 0

4.28

5.73

6.38

0.??

1.0s

3.30

4.53

5.4 t
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Table

Averagc sttrface areirs of the

underfed cereirella at different

section, in mm').

( 7 )

rvhii.e matter of ccntrol and

agc; (measured at rnid-sagittal

Agr

in dayr
Underfed

5

7

10

1 5

20

0.68

0.?5

0.52

0.65

0.66

0 . 4 1

0.56

0.39

0.47

0.53

- 7 r *
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l-ig. (1) : Phottlrnicrogrirph of tlle cerc-

i :r , , l l l r . i  corl ,cx of 5-deys clc1 r l : l (rustr ( i t) ,

cr ' ' i l ioI (b) urrderfed (Gir l trocyanin-chro-

nre ,  40  H 12 .5) .

Fig, (?) :  Fhotornicrograph of the cerl-

l;,r.llru crrlir'-r .if ? - clays olcl mouse (a)

control (b) underled ( Gallocytrnin-

chr r rmt ,  4U X B) .

ir ig. (3) :  Photomicrograph oI the cere-

bel i i r l  cortex oI l0-days old mouse (a)

corl trol ( ]r) underfed (Gallocyanin-cJrrr l-

i r ie, 40 X 8).

irig. (4) : I'hotomicrograirh of tire micl-

silt-rittal s+ction of 15 - days o1d ilIourie at

the l ' i i r . i -rcgi.cn of vermis, (a) corrtrol (b)

rrndr-rfr:d (Gallocyanin-chrorne, f0XB).

ti'ig. (;r) : Fhotomicrograph of the niicl-

srgit t i l  s.*ct ion of 20 - clays olcl rrouse al

tl.t-c r'rri*-rrrgion of vcrrrris (n) cttntrol (b)

uncler '1' . :cl ,  (Galiocyaninc-chrome, 20:i i - l ) .

l ' ig. (6) :  A curve showing thc ci:angc
in l.ltr,, numlrtr of mitoti.c figures ;n r':ric'-

si-rgittirl section of control and unclerfe-'cl
n l r - . r i r . r l l r r r r  r r r i f h  r o o

Flg. (?) :  A cnrve shor,ving ttrre chin5e
in ihe t ir iclrnr:s;s of the E.G.L. ;r t  the sir l t :s

of thc irostirlrutt'al fissurc oI the mid-

ririd-.i'[liiil seciiotr oI control irnci untl'JI'fed

rr-,re ir,:llunr w.ith a gt'

lilil. (il) : :\ curtrc slrowing lhc change

;ii thr Lliici,;nrss oI Lh'-r ccrc'ncllar cortL'x

i.,. tiro si.cirs o:l tl'rL- posi"central llssurc of
Lnr initi-sl:gi'ri;ii ,.;rction of contr:ol and
Lrlrtr;rflE:d cflriljtq:Ilurn ruith age.

ii ji,;. (li) : .r\ culve showing the change
iir tire ct'irrtic-citud;rl extent of the mid-
iiiigiitai seci,ioD of conirol ancl underfed
ci:r ' i : j ;cl lurn vr ' i th age.

Fi i ,1. (10) :  A curve showing the change
in tir,l sLrrface area of the mici-sagittal
i ; i ,cirol ol coutr 'ol  anci urrdcrfcd cerebel-
ltm r:;ith age.

i i '1;1. ( i1) :  A curvtr showing the charrge
irr the srirlitce lu-ea of the ctrrebeil;rr cor-
i,r;r: of t.hc rnir'i*sagittiil srction of con-
i l tr l  i lnr l  rrrrCr.: i ' fed cerrhl l l lLrm with age,

:; ' ig. ( I l i )  :  .Ar curve shorving the clrange
in the surfacc arLra of tJre rvhite matter
r,.i. 'ii:r: rnicl-sirf ittnl siction oI control and
r.-,t:ri,.:::fccl cerebcllum with age.
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F ie  (2 .  b )
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