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¥pom a survey of the literabtura concerning the effects
of low protein dlets upon the reproduction of the rat and

upon the growth of the body as a whole as well a3 that of
the blood, 1t was eoncluded that furthor Inveatlgatlon was
required, Comparatively few long term eixperiments, more
especially those extending through severel generationg,

ton on the reproductica of the rat fed

lew protein dietas.  Some divergence of oplnion exlsted
concerning bthe relative prlorlity vetween the body end
haenoglobin pwmh@ina, wvhen the diet&ry supply of these

were in&dgquata, @nd éoncerning th@ h&@mﬁp@@@i& role of
wxaﬁividaal aino acids under conditions of low protein
intake. Very recent work had suggested, rather than proved,
the presence of cerbaln 111 defined endocrinal disturbances
in the low protein rats which probaebly medlate the effects
of low proteln diets upon growth and reproduction,

The experiments undertaken showed how tlie deleterious
action of the low protein diets on growth end reproduction
became increasingly severe as the dlets wore fed for longer
periods, whether during a single llfe time or throughout
several genorations (three). Lysine was the limiting emino
acid of the low proteiln dlets whose effects were gradually
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counteracted as increasing levels of proteln (fishmeal)
were incorporated into tho diet, The results supgested

that under conditions of low protein intake the body

proteins competed sucessafully against that of haemoglobin
for avallable progain, and that no single aming acid had a
spoclal haemopostic role. The work concerned with the
growth of tho endocrine ;lands of the malnourished animalg
supported the concept of an altered endoecrinal balance of
guch animals and pointed tQ"t@@ @r@@@noe of_@ﬁ_qga@r-

funetloning adrenal cortex,

The significance of the results is discussed

Ly
especially in their application to humsn nutritional
problens,
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- SURYEY 0P YR LISERATURE.

3 .. It i3 now recogninod that palmutrlitlon due o
o doflclency of proteln is comion in nany wadeveloped .
gountrions .P}M&W (2961) bes ;mm the aversage intale
of vegetedle and animal protein per eaplia in 58 countrics.
Using ¥ arbvitrery figure of O0 ¢ £ enlmal proteln
as a deslrable inteke, ho notes thab mw mw is pquel
or. grecodsd in only M» @m@ of the 56 countrlesms With m@
mw@m% W&:‘m populatlon the noed for obtalning the
G o bhe W&%ﬁ& m of vm@m
m@w%&mw. ;%%%& “ @&MW}. ere thoughit to emwmm@
gbout 87 of ﬁﬁ@ ﬁ@@a& food cons

-

mptlon of tho wwwl&'&

o of tho Southern Me: = g
ched (@m@; 1953), Sinco noro then 717

asre of &m@{ f1sh provides & virtually untapped £660
FeloOs and UsNeloColels
Bave boen investismbing tho pomsibility of edible fish
1t to the dleb of thooe
ommini «m& . ‘%mwkw 1953)

wve, Within recent yoars

{lour &3 a proveln supplon
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The @ff@cts Qf prowain SmlrlbrithH in thsse
countries are f@una garticul&rly amon@st y@ung childran,
whepe &hartly aft@r waaning th&y are given a di&t 1&r&@1y
eamge&%d of fa@ds such as, c@r@&ls or starahy fruit@ end
roota @Qatainln@ awall am@unus or prot@ln of poor quallty.
‘%ha r@ﬁalt&nt dia@a&e is knﬁwn 1n different ‘parts of ﬁh@
.world by different names anﬁ in Africa 1t &3 call&d |

Kwashiorkor, The gymntons of the illness have been

| M&W@&@ i s

Vv It was 1n th@ 11@&& of ﬁuﬁ &bova }um&n nutritisnal
lgx@bl%mﬁ bhat the @ff@ct Qf e law prou@in diet aa &&@
Agygwth &3& r@pradu@tion of txe rat was una@rbakan. For
this reason the d&at& u&&d wero of siﬂil&r typ@ to ﬁh&t
‘@&t@n in neny parts ef Africa, and flshmeal was glven os
a protein supplement, The growth of the rot was
investisated from measurements of body welght as well

ﬁ& from ﬁ%f_‘!% of the ‘?&@0@0 ™ha W@‘l of somo of the

“endocring lmndy was also studled,

- Before gan&&d&ri&gkﬁ@a @x@grim@ntal work on ‘
reproduction and growth, 1t 1s eppropriate to take into
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account several factors wlilch can aliect tho reaults
oltained, Theae masy be separated into two main heeding
the "mutritional factors” wiich include both the quantity
es well ag the quality of the protein deficlency, and

the "physioclogical factors" which are concerned with tlie

stabe of the animal and the duratlion of the experiment,

. The quantity of the protein in the dlet avellable
to the rat is modifled in several ways, for exzample the
anount. of non protein caloriecs in the dlet may exert en
importent protein sparing ecticn (lonro 1951), The
avallatlity or digestibility of the dietary protein may
ve modified by cooking wiich often helps to break down
the less readily digeatible eoverings of cellulpso op
fibrous conngetive tlssug surrounding the proteins On
low protein diets the fach that thie rat can ubtilise non

1949) may becomo sigaificant,

probeln nilrogen o.ge

%r%mns ndre Mcxrt@wﬁ than the ma@nwuda of the
deficlency iss the pa‘amm of the amino acld &M&M@n@y.
Jaeh of the work w»itten gives a percentage fisure for
the mintrum pw%&n ‘requirements of the ret for growth

aportant work of Roso hae defined
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the ten esscntlal galno aclds reguired for rab growth

and more recently the lmportance both of. the simultaneous
eduinistration (Gelger 1950) end of the relative proportions
in the food (Elvehjem et el 1955) of these amnino acids has
beer stressed.

The physioclogical state of ihe anime

2l is froquently
overlooked when considering the effect of a low protein
diets Such factors es age, Sex and pregnancy may influence
the results.. kcCollum and Simwﬁnﬁﬁﬂ(I@QQ) stete that
@xy@&iﬁ%ﬁ&ﬁk@ﬁh@Qdéﬁ% over &.sigmifi@&§tv§&rt of ﬁhé 1lifeo
cycle yield more valid impresslons of the effoects of
protein lnteke than Qg‘ra@$§;$@;g short term studies.
The §r®$&&& ra%ugww&w$§§ are @@@géx fgw ﬁh@‘m&é& than for
cmale rab and ere increased during phases of tlasue
enabolism o3 in the actively growing young animal end
during pregnancy and lactation, Albanese (19850) polnts

gx@wtﬁn&gﬁkina and methionines «rmawgh@ the p;a%uw@*
that the lysine requirement of thoe adult animal
prouinent than in the young growing rate

15 less

The concept of tho dynamic staté of the body's
constituents {Sehoenhelmor 1046) mekes the proteéln
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reserves present in the rat's body of significance when
csnsi&@yin@AXQw §r®@®$n diets. Thess reserves way
counteract #thgf:&st a: e low protein dlet when fed for
a‘&n@rt time to adult rats. In this connection the
1n@r@§a@d_&m;n¢ acid v&%u&r@m@ats for growth of proteln-
dopleted adult rats is of interest. (Benditt et al 1950).

Thus 1t 418 seéen that when considering the effecs
of a low protein dlet particular attention should be paid
to the naturs of the enind acid deficlency end to the
duratlon of the experiment, more valld results being
obtained from the more chronie experiments, |

&ﬁaﬁ contributlon various feeding 4

&n@ animal's needs, conceived the idea of trylng out
om & single plent and began
his experiments on cattle. Needless to say when o0ne oow
dled g&,m@ﬁ with &am#&ﬁ@xah&@ opposition from R
lydng the cattle and had to abandor

lea was carried out exteansively by his
agues (lart et al 1911), who placed four

sowa on four retlions derived re

rations mads up entirely fr

M%&W@l?
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By mixing pr@p@r proportions of leaves end stall of
the plant wﬁﬁh i1ts seed or ‘some prokein concentrate

ef ‘the &@@ﬁ, ail four rationa were given the sama

protain and @n@rgy aen%@nﬁ. Gﬁ@wﬁh was c&&pi@t@ﬁ on
a1l four rations but the ﬁ@pﬁﬁ&“ﬁ%i@ﬁ and lastabion
records differed. The calvés borzn on the wieat ration
oithor dled at birth or soon after, snd their mother's
miik yield was reduced by about a third, This experiment
showed how the dlet of the mother whaile sufficing for her
growth might serlously affect the viabllity end vigour of
her offspring. It was concluded that wheat contained
something toxic or perhaps lacked soug nutrient, 'd

" Labor with the classle work of Osborne and Mended
1t was ‘shown that the wheab 3%&&@&& was lacking in lysine,
These &uﬁnors fed a dlet where giia&&n wa@ the enly
prot®&n to adulb rats and found that grown rats could
be naintained for long periods (546 days) dub uwagrown
raﬁa fail@d to grow {0sborne et al 1@1§L They studied
gueh rats £111 they were 550 days old (Osborné ot al 19185),
ond then by changing the dlet observed a resumption end
cﬁmwiéhiaﬁ of growth wileh would normslly have bveen
completed by 300 dayss On adding lysine 5o that the
protoin quota contalned 2 o 3 per cent lysine, growth

was rosumed by the rat which Lad been stunted through
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the influence of the lysins-poor diet. (Osborne et al 1916),
his lysine deficlency of whoat protein was confirmed by

a8 concerned of
ach as arpginine, histidine,
n 1938; Suré 1953) have also

Th@v@ 15 a cemsid@rable amount of wmrk eona@rn;ng |
ﬁh@ &ff@sﬁs of 1@% pron@in di@ta on the gwewﬁh end »
r&yw%&ucti@m of the rat ®xt@ﬁ&ing thr@ﬁgh @n@ g&n@m&ﬁi@n 
anly. Aa @arly &s 19018 E&rt @t al fcund ﬁh&% v&as rad a
wheat prat@in diat fa&la& to wean ﬁhair youmg and consluﬁ@ﬁ
that this was dus to an insufficlent quantity rather than
quality of §h@ milk produced, ;
the effects of protein, om S=87% of the dlet, -
sroduction and lectation of the rad, and states

;wuﬁ‘gaﬁﬁw&ﬁaﬁ

‘the effects of high protein dfets, Cullbert

8 (1932) found that with dictar
746% to 8Y the ratls growth
g cycles were nornal

346 to 5% tho cycles

7 protein contents of
was ‘slightly reduced but the

+ With protein contents of

ther coased or becene long and
irregular. The dietary proteins used were derived from
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ozp=-albunin and
d thet insnition

a mizture 6F mill end wheab or Irom
whoat. leasurements of food intaeke showo
wan not the cause
vheat glisdin howev
an 187 protein in the dieb v
21 by the inclusien of 0.6% lysine (Co
on 1036). Doubt has been cast on the vag
. Wod, irom & histological study of the uterd
overies of rats fod a 77 protein diot (Freed e% al 19%0).
xperinent tho vaginal mwera indicated 0ostrous
rediction to the ovarics and uterd, which v

then the solo sourco of protoin was

rats fod dleta contalining 6, 10, 16 end




A L 9.

%@Coy (19&0) by the r@pl&m&m@nt of dextrin by
c&gwin ta ~§.ve the ralativ&ly high prot@m levels or

15, 05 end 40%, found that the average weening welght

‘ Using peired feedlng, growih
sber on the 407 than on the

ﬁa&@ r@@&nﬁly &ala@n and Evans (1953), a@uﬁi@a |
ﬁh@ @ffa@a of vs»i@u» casein contents t@ give é&&%aww
gamt@m mwxs m: 0, 5, 12, 18, 2¢ and 20%, m& found
tnat &% @a&@&n waa eriti&a& for navw&i rwyw@@maﬁiwn in
the rat. ?ragnanay on the dlets below 5%’@@& ahg&a@%aria@a
‘by the high ineid&n@@ (70%*100%) and early occurrence of
r@&b&@?@ti@%ﬁ, a m@rk@ﬁ &@cr@&ﬁ@ in m@t@rn&l b@ﬁy wwight
and & reduction in the birth Wi@aw. Using & m@h -
p”@@@&n ﬁi@ﬁ and pair@ﬂ feeding, f@@d r&s%victi&n 68 ﬁh@
e&m@@ @f th@a@ aff@at@ was eliminated, These auﬁhawa
§oin§ out that pravi@ua work concerning the effects of
low pr@t@in dlets on reproduction were carried cut before

ves avallables In

led in the diets
and advlt rats were £irst pleced on the low protein diet

the day of metings OCurtiss (19563) also studied the
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efrect of low protein dlets (3 snd 67 cusein) on rat
reproduction, but the dlete used, which were amaa fir&%
fed to adult raﬁa, weroe deflclent in ehﬁ&ﬁnﬁ.

| The nitrag&n balance method has been used by A
Mopse and Sehmids (1944), w&sAfouaﬁ that rats on dlets
containing 2e4% nitrogen (15% protein) stored amounts
of nitrogen sufficient for the footus but hkogg on diets
containing 1.28% nitrofen (7.5% protein) did not. During
lactation r&t& on 157 protein l@gﬁ nitrogen but were able
to ééar thelr y@ung§ A% lower protein levels rata were

unable to rear thelr young unless they h@a\uaaau&l;y;
large reserves of nitrogen at the beglnning of lactation.
Adult rats were used for this work, ~The proteln content
ér an@ bedy bLefore prognancy of rats reared on anxl&§
pr@ﬁ@&n diet has been cam@ar%a wi&h ﬁh&% Juat gx&a& to
&@1iv®r? after 18 days on diets of di:f&m@nﬁ cagein levels
(11, 16, 27 and 437) fed from the age of 90 days. (Poo et
al x@&o). The ratlos of protein intake to inecrement of
bm&g pr@t@in indlcated mast efficlent use of the protein
at 167,

roach to the effect of low protein dlets
ade in considering at which stage
ey was the need for protein most critical,

egnant rats were fed a nitrogen-free



dlet or one contalning $O% gelatin as the protein source
a n@@d £@r nltrogen was ﬁh@wn durin& the earli@at Btages
of pregnancyes Rats plaﬂ@& on tk @xnsrimﬁntal d&@t@
earlier then L@ deys b@for@ t@rm f&i&@d to h&ve viable
young, bub when given the di@t& from 13 to 8 &ay@ vefore
teym living young were obtain@a whilch were uﬂdarweight
and nitrogen deficlent, T&ia was c@nfiﬁm@ﬁxby ﬁ@lsam and
Lvans (1953) whose results also pointed to a critieal need
for protaln durdng thoe @a&li@ﬁt atag@a of pragn@nsy in
contrast t@ the r&gra@u&tiva success wh&&h r@&ult@& when
the protein deficient di@us were intro&uc@ﬁ aharﬁxy after
implantation. b@ing a@lr s@x@ctien m@thod& ?@ﬁ&, givwm
access to cas@&n* sucrose, drled y@a@t, oliva @11 sn&
salts, chose a dlet with 22,37 of the cmowwa a@mvw
from Qret@in during ﬁh@ last fiV@ days b@farﬁ ma%ing.
28,17 during the 1&3& five days of yr@gn&ney and 3&.&%
during the last five d&ya er 1ast&tion. (R&sh&&r @ﬁ al‘
1938)e The cholce of diet nay have been 1nflu@nc@ﬁ byh
pelatability, o o ‘
C@mw&ratiV@&y l&t&l& w@rk h&& b@@n &@a@ on &h@ | |
effecta of protein through more than one g@n@vat&on, noreo
especlally when diets very low.dn @rﬂﬁain cent@aa av@
@@@aiﬁ@x@d, &
Conner snd Shermen (19&@) @@uﬂi@ﬁ kh@ &ff@ct of
a nilkewheat dlet through two successive generations bub



there was no mention of any difference from one
generation to the next, It was not until the work
of Slonaker (1931a, b, and &, 1983) that this was
mops thoroughly investigated, Slonaker

alet where 30.3% of ghe energy caue from protein,

used a basal

The §rpt@1n e@nt@nt was ﬁa&n alt@vﬂa by the additlion

of meat scraps to glve p@@@@ﬁt@@@g of 1@,‘1§, 18, 22
m«&ﬁ@ w@le keoping tho @@W Mem‘wmmg

§£ ﬁ&@ d&at @@a@@#nﬁ. He aan@lu&&d sha$ a8 dlet N
&@n%&i@&n@ 1@% or more protein calories led to an
1ncx@&aa in &ﬁa&i&i@y, &@l&y@ﬁ hirﬁh af first liﬁﬁﬁw,f
ﬁ@art@n@@rhg@@ain@ p&r&@d and @ff@atad a r@ﬁuﬁﬁima &a{i
&h@ numb@r of young @nd ligt@ra bevn. H@ eanﬁid@r@@ﬁ |
however, hh&t this 1@% was best for pr@naﬁal &av&%@gm@nh
of the young @na for the survival of the young to
w@&nin&. H@ r@@&mm@nd&& a d@@h with &ﬁ% @&109&@@ fréw

the gx@bazn during 1aa$&tiw&. %1&& ﬁuae@ﬁa&va g@n&r&tisn@
there was a t@na@n@y for &@&ay@d eruption of the Incisor
t@ahh and opening of th@ eyes,. fer 1&@@@ birth welghts
but &nw&sw% rates of growth ami mortality, and a marked
d@or@&§a in mathna& welght loss ﬁuxiag lactations This
work gf.slga&k&r hag been criticised (Macomber 1933) on
the @ronnﬂ§ that as t&e prot@ih 00n3wn$@wwré 1nsr§§s@é
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by the addition of moast scrapa the pore

compononte wag decressed, This was egpeclially

s

Keo et al (1@@1) studied the r@proéuction ‘and
1astat10n perfcrm&nc@ of thrae generations of rats on
diete containing varying amwunta of pretaln at two liberal
levels of calcium. The prot@in cont@nta were varied from
147 on the Sherman diet A (ﬁ/@ w%@at + 1/6 aried milk) by
th@ &d&itisn of ca&sin to bring the pro@ain contenta up
to 19 end 25% No marked changes were observed between
the generations,  With inereasing protein levels the initial
growth rates weye increased but from the age of G mouths
there was no difference between the 19 or 257 protein

diots, nor was there any difference betwean these two
diets in the average number .of young bern-or weaned,

In these experiments as in those of Van Duyne's (1841),

dietary protein levels., This supports the eriticlsm

tioned earlier concerning the inadequacy in respect
utrients other thengprotein of Slonaker's diets,

@0®tts&h (1@&8, 1@@@) fvam.h@r study of the

r@proauati@n of rats thrcugh &@V@?&i cenerations concluded
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that the minimum requirement of a riceebean-casein
dietary protelin was 17%, and that the limiting aemino
acid of such a minture was methionine. Results obbtained
from three generations on protein contents of 11,9%,
14,37, 16.7% and 19,1% showed
gestation performance between successive generations,

no differenco in the

bub the litters were

- artificiaslly reéduced in size so

this would probably offset some of the effocts of tho
low protein dist, Rato receiving 14,3 ¥ protein prew
tely as woll a8 the controls bubt the growth

of the socond generation wes significantly rmm.

Some Jint@ms.i:mgrwulta were obtalned by |
Damodaran (1950, 1951, 1962), who increased the protein
content of a basai cii@t containing 70% of rie!@ f‘loﬁr
to whlch sugar salﬁa, oils and vitamins were added, by

oment of an equivalent

co diets used wero the basal

or the
emented with 3% pulse protein or with 15%
casein as a controls Results were obtalned from three
enerations of rats. Ag compared with the first

metabolic rates and o reduction in the girze of the-
litters born which resulted in aen increase in the birth
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weisht of the new born and in the percontage number
weanocde

Rocently Schultze (1958) studied the reproductlorn
of rabts fed diets where the protein was derived froa
synthetic smino acid mixtures. The emlno aclds were
patterned after those recommended by Rose for growlng
rats, o2 g@}l as aftor those contained in caseln,
Neither of theae diets supported normal lasctation or
cpowth of the young end there was no evidence with

successive pregnancies or generations of a progressive

detericrasion in the ebility to roproduce or lactatd,

Fatty livers wore observed in theso rats during lactatlon
which su
acid imbalance (Deshpende
unrecognised nutrient.

goocts some dietary complication such as an emino

et al 1955) or the lack of sonme

From this survey of tho literature 1t is seen that
comperatively 11ittle has been done cona@rn&ng th@ @ff@ct
of a low protein dlet on growth and rayrodmmtlcn vhen
the diet is first introduced to the young animal as
opposed to the adult, Purther, the effect of a very lw@
protein diet through several generations seems only holh@wa
been r@c@rd&a:bykﬁamma&r&n and Goettsch, but the latter
worker artificlally reduced the size of the litters during
l&ct&ﬁi@ﬁ. The law@at»prwt@in diét used by Slonaker was &
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10“ rood quality neat prot@in whidh 18 a r&l&tiv@Xy
mild reatrictien, and in any case his dlets hava been
ssverlv eriticiaed; and tho lowest pratein diet of

o was 147 which was also of a relatively good quallly
protein mizturo.

naemia of Low DProteln Rats.

It 1s well @atabliﬁh@d ﬁhat a low protein dlet
&ﬁV@raﬁly aff@c%@ the "rawth of th@ blood @l@m@nt@ sa
that anaemia r@&ult@. R&sa were pl&c&d after w@&nﬁn@
onto 2 di@t containin& 3e57 lactalbumin and compared
with the animals fed the control diet containing 18%
l&cﬁalbumin (&rbaﬁ &nd Orten 19@3). After 76 daya the
heemoglobin csme&nﬁr&ﬁiwn in the low proﬁein group was
11.%/1@@:@1 as comy@m@. with that of 16.8¢/100ml in the
controls. ‘”h@'&naamia was cured by increasing the amount
of protﬁin eaten while the ealoric content r@mnin@ﬁ |
unshan@@a, ﬁh@win@ that the ana&mia was the result uf a
pratain r&nh@r th&n a caloric u@fi@i@noy. The &maami&
wasg c&&r&ct@ria@& by a subnorm&l haemoglobin content af
the Biaﬁa and a nanmal @ryﬁhroeyt@ count, letcoff et al
(1937) found in acute protein deficiency 1§ the rat bh@ra
wa@ an a&s@a&aﬁ@& h&&w@@an@@n%rahien and a sign&fieaﬁt

deorease in totel cireulating haemoglobin, wnile in ('
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chronie protoin deficlency the total circulating
ha&m@g&ﬂ@ﬁa>wwa.a@ilk'ali@h%ly decreassed bub the

h@@m@%&@b&3~caﬁ@@w@m%ﬁiﬁa rencined unalbtered. .

';L@r@ app@ara %o be scme aiverb@ncs of op;nian
conc@rnint th@ ralativ@ priority Gf na@asflobin over
other body prcteins, w&@n the aupply of dietary protein
is ina&@qu@%a.

r@&r@oﬁ (1937) cow@ax@d the PS&@&CuiVB m@rita of
variau@vprataiaa @ege livar, canein, &1b&min @tc., on
curing the ﬁﬁa&wia of ysan& rots fed a mill dlet. llo
concluded that the corration end naintenance of nor*&i
h&emcglsbia velues was 1078 vital then growth and tkat"
the onimal would ubtillse its body protelm for thia
purpose provided adequate emounta of copper and lren
were givens A criticlom of thie worlk was tleb no
neagurenents of total haemoglobln were made, only that
of the blocd Samples, DLuechler et al (1049) fed two - -
groups of aneenic protein depleted robs a diet contalunlng
0 end 18% cesein respcctively, Theso diecks were £ed

ed 1idbitum to some
607 of the cuantity of those allowwd to feed freely. In

onimals, while others were civen only

th@ &aim&la fed the restricted dlets the ha@moblobin rose

but the 1nsr@aﬂ® in body w@ighﬁ w&& consiﬁ@rably less
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than that of animals allowed free access., The
criticism again of this work was that no account

was taken of changes in total haemoglobing and it

was not certain that the increase in total haemoglobin
was greater than the general increase in body protein
in this experiment of caloric restriction,

Whipple and his colleagues from their well known
work concerning the ability of dogs to recover from
anaemia caused by repeated haemorrhage in assoclation
with a low protein dlet, concluded thet haemoglobin
formation takes precedence over the formation of other

body proteins, including plasma proteins (Whipple 1942),

Hallgren (1953) confirms that under the condition
of haemorrhage in addition to that of law protein intake,
haemoglobin had priority. He states however that under
the conditions of a low protein dlet alone, this was not
the case. Hallgren worked wlth rats fed a dlet defilcient
only in protein of which egg albumin was the source, and
found that the total fall in haemoglobin was greater than

that of the carcass protein of such rats,

Varying resulis have been obtained concerning the
role of specific amino aclids in the synthesls of haemoglobin,

Whipple et al (1940) showed that certain individual
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anino scids glven to dogs nade anaeL

eceused an incresse An new haewoglobln .
Threonine, glycine,

hacmoglobin eutput of 23=24 grans
for o two week perloed. Leucine, m&@&;&a&n@&klyaxaa

caused aa average increase of 20 grams
rpoaine, valine, isoleucine, arginine,
Ko

pcld in globin and 1ta. regenerative @a@@@iﬁy,

gebpell (1949) working with young rats fed a
prot@&ﬁ‘fwwawﬁktﬁ for ten. Gays before belng subject.

various amino . es on the blood regenerations
o found epparent varistions in the importance of the
a1ino acids on blood formation, where valine end

%o be especially concerned. A

one of the ten essentlial anino

diet deficient 4n eny

me interf WM&@ with

| on the eﬁh&r h&nﬁ, orten @t al (1945) who studled
the afr@et of admini@%@rin& V&riﬁﬁﬁ ‘@aino aclds on the



haemoglobin content of rata maintalned én low pfotein
diets consisting of 3,5¢ lactadbusin, found no consistent
sustained increase in &me~glbhin values following the

Individual ﬁu@pl&m@ntati&n with any one of the ten

easential anino acids, He concluded that a combination
of anino aclds in as yet unde:
essentlel for the in vivo fabricatlon of hasmoglobinm.

alned proportions wae

These results were conflx
who on administering enino ecid mixtures to protein deficient
rats produced an equal ha
produced by a 9 casein dlet. If any one of the enin

med by Denditt et el (1947)

emoglobin regeneration as that

acids however wa@_miaaing;fram the mixture, there was no
significant increase 1in haewoplobln.

These diverzent results support the view of Hallgren
concerning the different conditions of haemoglobin priority
and %y&ﬁﬁ&&&@'iﬂ animals aubj&c% to h&@m@vrhéga and a low
protein dlet, as compared with that of a low protein diet
alone.

~ With reference to the effect of lysine supplementation
on the anacmia of rats fed low protelin dlets, Hoga
requirement of lysine the anaeni
casein diet was prevented

nese suthors speculate as to
whether this very large asount of lysine was required
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remedy the lysine deficlency of casein, or whether
as seems more likely 1t was required to detoxify the

casein, (Smith et al 1956).

Ividence has been presénted that lysine deficlency
{n rats results in angemia, (Harris et al 1943, ‘¢t11esple
ot &l 1945). These workers maintained rats on a diet in
salch the probein wes supplied in the form of zeln., One
group of animals was given & dally supplement ef tryptophan
and 1ysine, a Secchd group received only tryptephan, In
the group receiving lysine the red cell count end the
haemozlovin conteént of & sample of blood waa considerably
nigher then thak of tho group without the lyasine supplenent.
In,&jﬁgiﬁﬁ«&@?%@~?£wﬁ&%m%$§;%ﬁ;@@% denonstrated by fesding
an adequate diet in restricted amounts, that the snaemia
was not due %o %@ag&bi@%, A criticisa of this work was

that o measurements were made of total haemoglobin content.

1t has been shown that a low protein dliet causes
anaemis, Some controversy exlsts as to the priority of
haemoglobin over othier body proteins under conditions of
low proteln inteke, and further work 1s required to
¢lucidate the role of indivédual muino aclds In curing
the anamemis of low protein rats, The importance of
meumuring totsl heemoglobin rather than just the haemoglobin

content of blood sazples has been stressed.
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gn&mcr&aal(ﬁ&gécﬁa. ;”

3ema af th@ sffaeta of a low pr&%ain Alet alroady
W@ntisn@d, that ia on the gr@wth of’ the ba&y, on the
gr@wth of th@ blood and on rapr@&uction, may be the -
dir@ct r@au&t cf au 1nauffiei@ncy of prﬁt@in, or they"
may be the 1ndir@et oon&aqu@nca of @adccrinai dysfuiction
r@ﬁulting fram the protain r@ﬁhrictieﬂ. Mt body growth
an& rayrsﬁaetieﬁ can b@ prafonndly influ@nc@d ﬁy the
@aaawr&n@ %1&nda hm& b@@n well known f@r many yaara.
%h@ influ@ns@ of th@ endocrine gl&n&a on ha@m@poaaiﬁ has
attr&ctﬁﬁ less att@ntian, but n@v&rthel&&a this hes also
ba&n a&tabli&h@d. (Gﬂr&@n l@ﬁ?, Crafts ot &l l@ﬁ?).

- It is only feirly w&@@nQLy that @x@@rama&n&A w@rk
has suggested a genorsl endocrinal disturbance resulting .
om & low protein diet, the exact nature of which |
disturbance 15 still obacwre, and which has attracted
very littl@ cemw@nt 1n w@rk& cans&rn@d with prots&n
mmutrits_on. o o

_4 Qn@ ap§roamh bs th@ pr@bl&m 18 by aanai&@wiﬁg the
six@ amd ﬁtrucﬁur@ of the various endocrine glends,
fallawing a ra&trictian of di@tayy pr@tain. ' Different
Hraatars suah as tha ag@ of the subj@et, the duration
&nﬁ aav&ri#y Qf ﬁh@ d@ficiancy aﬁ well as the aiing acid
paﬁt@rn,af the di@t ney ;nflusnc@ the P@ﬁultﬁ. For
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example, when rats were held at constant welght by
underfeeding from birth there was an incresse in the

testls weight to a maxdimum of 3745, if the diet
restriction was begun at the sge of three weeks there
was a less warked increase of 347, while if the experiment
waa started at the age of ten months there was little
chgnge in testls weight (Stewart 1918, 1919), 1In
relatlvely short acute experiments such as complete
starvation for 7-13 days there was an 1ncr@&s@ in

adrenal weight; conversely with chronic undsrfa&din%

the loss in adrenal weight was usually relatively greatar
than that of the body, (@ulinea and Pomerantz 19@1&).

with r&f@r@nce to the amino acid pattsrn of the d@fici&nsy,
Samels (19&2) faro& feoding 1aocalaric diets maﬁ@ up of
gynthetic eino acid’ mixtures, found that a tryptophan def-
fciency did not affect ﬁh@ adrenal w&ighk, while en
iﬁ@l&u@iﬁ@ d@fi&&@n@y r&salﬁ@a in an mﬁ@@n&l mnlawgﬁm@nt.

-1t can be g&wm&a&@ from these divergent effects
that while a sfudy of endocrine size under conditions
of low protein may provide a clue to the functional state
of the gland, in 1tself, 1t is not a sufflicient eriterion
of endocrinal activity. 4 more
work-on the effects of a low protein dliet upon the size of

detailed account of previous




alines md Pamamut'r (1939, 1%0, 19«&8)
canclua@ﬂ that ghrania inanitian 1@&@@ to a conﬁition |
of Qa@uéaayyaphys@ctcmy", a3 such aningls sho&@d
m&y&@d atrophic qhang@a in the Q@ﬁitﬁl tr&cts of bo@h
&@x@a& in the ahyrmidg &dranal cort@x, nhymua and |
pituiz&ry It is likely that a reatriobiam cf the
food intake (by 50’) would couse a d@ricianay ef
factors Qtﬁ@r angn cnlori@@ &s im@liad by bh@ss authora.

Bamuels (1952) found that whenever the dlet was
inadequate for the main&&wan@@'@%’n&kﬁﬁg@ﬁxh&&a&ea,
irrespective of whether the caloric content was high
or low, there was an atrophy of the secondary

Thego @l&hﬂ&'ﬁ@a§@ﬁﬁ@d @@‘ﬁmﬁil'®ﬁ$$$:®§”%
Ade
the @&m&nifwr@ua tubules wh@n e tryptayh&n d@fiel&nt dlet

@@ﬁ@ﬁ@‘(i@@@)“nﬁi&l‘ébﬁniﬁﬁd«éﬁgﬁﬁavativa changes in

(acid hydrolized casein) was force fed to rats &ﬁ@ﬂ 6 weeks,
and iaun (1945a, b, 1946) elso found ﬂhat the t@aﬁieular
ggxqpky was due at least 1n part to fectors other than ,
&&anitxan, &&m@@ 1$ was nore a@vaw@ in di&ta d@ficiﬁﬁw

in g&@@yl&lan&n@, leuclne or hiatidiﬁ@ thaa in kh@ raired
fed eeu%vols.k The cassati@n of oestrous cysl@s on low
gvﬂt&in diets mantian&é aarli&r was also shown to be the
result ef pr@tein ra&h&r than caloric r@@trictien (@nilbart

T 1933).’ ﬁ&vars»?vntan et al (1952) divided adult
raﬁs into thres groups: a control gr@u@ was fed an aﬁaquat@
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dlet ad 11b, a starvation group fed the control dlet
was restricted to 1/4 of the food intake of the former
group, and a calorie restricted group was also given
1/4 of the food inteke of the controls. The dlet uged
in this labter case however, was lsocaloric with and
contained £ times
diets The experiment was bermlnated after 16 days
The level of protein in the hypocaloric diets did not
infinence the welght loss of the pituitary, or tlyrof
but that of the uterus and seminal vesicles was
aignifi&&ﬁhly &r&a%@w on the low proteln éi@k. Th@

the protein content of the control ' -

atr@@ﬁs @£ ah@ Qvary and taaﬁiul&s 8ls0 t@nd«d to b@
@reaﬁwr on nhia d&@t. The w@i@at of th@ a&v@n@xa
@maAnwd ua@ aama 1n al} &&r&@ grau@a.

The above survey shows that the offect of a low

docrine glends was due

‘an a caloric restriction,

wn $0 ba the case with the adrena)
(Samuels 1962) where diete adequate in celordes but
insufficient for the meintens

nee of nitrogen balence

changea similar to those after hypophyaec tomy-
total ﬁ@@r@&a@ in w@lght and hiwh cholesterol oaa&@nt.
There was also a r@dustian in thyrold weight (s Sermels 1952)
wh@n d&aﬁ@ eaatain&ng &d@@u&t@ calar&&@ but 1n@nffici@mt



an
adine were force fed to rets, -

The aversge rate of radio active iodine upbake was
slightly lees in the phenjblanine deficient animels
then in the controls, but this difference was not
slgnificant. lNo mentien was made of lodine uptake |
rates on the erg&agh&n deficlent diets (Saumels 1952),
Animals on diets &n&uﬁf&ai&n& o maintaln nitrogen .
balance have pertial thyroid atrophy, variable loass
in thyroid weight and a reduced bassl motabelic rate.
(Jackson 1926), .

‘The effect of a 1aw prob@in dlet upon t&s gonads
would &@p@&? t6 be iarg®1y ﬁh& r@ﬁulﬁ of a r@&uctien in
the gon&d&ﬁreﬁhin @utput fronm ﬁhe amt&ricr pituibary,
since the aﬁraphia sex glands of ra&a on nitragan ‘
&efiei@nﬁ (Samuels 1952) or nitra%ﬁn fr@s dlﬁﬁ& (Y&m&m@to
et al 1@@6) r@&y@n&@d to am&ii doses of ganadntraphin;
though thers was some &iw&ct effect &1&@, as the
nypwrﬁ?%@hy af ﬁh@ gla&ﬁa was propartianal hm ﬁha |
nutritive value of tka pretain. (Ykmammho 1930).

The im@iﬁﬁt&ti@n of & normal m&l& hyymphyais raactivat@d
the eva#i®§ of 1y@£na daficiant rats (Camrri@r 1953).

: ﬁ&a aff&ak of a l@m protein dlet on the adrensls
&ﬂﬁ&&yﬁﬁﬁ&% conditions also appears to be the result of
a reduction in the adrensl cortical stimulating hormone




(A.CoT.H.) released from the hypophysis. Changes in
1l conkent of thoe same type

rata o diets lmw;%&~§&@%§in content €@®$@hhawg;&@&%,
rops 1049, Sammioks 1962),  The eduinlstration of A.CeTsi.

controls, wers ungble to maintain thelr blood glucod
levels during & subsequent fast. This fasting
e sdninistration of

protein dlet, - After edniniatration of A«CrToHy howe
»dnction in eosinophil. counta was equally mariced
rats on both high end low protein diets (Handler et al 1950),
In this latter paper Handler found that the ingestion of
the low pret@&n dlets raault@d in ths dis&@p@am&nca of

the hypekt@n@i@n ar partially n@yhractemia@& rats, Th@
&&miniatratimn af small éas&s of A.Ca Tellay easentially
wit@@ut effect on the blood pr@&aure ‘of the unsp@rat&a
or Q§&?ﬁt@d ccntreia, rais&d the blood pressure of the
og&rat@ﬁ raﬁ@ on the low protein diet to levels eam@araﬁl@



with the operated animals on the high protein dlet,

- samuels (1952) believes that under normel
sonditions tho smount of A.C.T.M. released by vats on low
protein dlets is roduced, but that the pituitery contalns
adodiate anounts of trophic hormome which cen be released
under the stimulation of severe sbress, Ho tonfirns

earlicr results of Sayers (1949) wheve the adren

:vr@spwnaa po severe stress (scelding) wes tho same
" ineresse in Mighﬁ,wmwwﬁ in agcorbilc acid and

‘¢holesterol wnwm% - for the rats fed low protein or
control diets. Semiels found that the restoration of

thoe original cholestercl subsequent to stress was

- howeves in the law protein animalss OSayers states that
the malnourished rats had epproximately
‘0f AsCoToHl, 83 the normal enimals; and efter scalding

there was a reduction of 507 in bath groups. Theso

. pesults are not in s@nniw with ﬁm&s* vi&m M.x;w ,
the amount stored under resting @Qm&t.&@m is not
| necossarily s gulde to the mung; w;&wm., o

Selye and co-workers have found that the eorticot-
 pophic action of A.C.T.H. was enhanced by dlets abnormally
 high in pwmm. but this attion was no lmmger present in
m@phww*smww enimals (Henrigues &% al 194%), Under
" pasal conditions there was no difference in the edrenals




of ratas fed 16% or 307 cmsein protein dlets, but the .
reaponse to streas 6.g. ¢old, unlilatoral adrenalectony,
musculer exercise, elc. was greater on the higher level
of pretain. Ascorblc aclid and cholesterol contents and
adrenal size were the criteria uas&. (waya et al l@&&, L
Constantinides et al 1950). Mhis difference was later
eonfirzed with diets of 167 and 22% casein (Dwm et al
1955)s Selye end others found that rats ehronically
treated with anterlor pitultary extract if fed a very
high protein diet (30% casein), developed high blood .
pressure, kidney lesions and enlarged adremals. These
@m@@a ‘were not apparent, however, on a 15% casein dlet .
(Hey ot al 1948, Dontigny et sl 1948).. This work of.
Selye provides further evidence for the influence
dietary protein on adrenal funchblon,

:A;@haé&et@riééiejf@aﬁuré of adrenal 1nsﬁffic£®n¢y;
used &iagﬁaaﬁicaily for Addison's Dis@aaa, i3 the @@ﬁuctisn
in thé mm of @mmtmm of imgw%md mwx- (cmsﬁw Jawa
1%’?). This delayed @xewtwn 1s found also m 1@'@' protein
rats (Leslie ot al 1947, Heller 1947), Hegated (1950) -
found that the effect of a low protein dlet in causing an
inerease in the rat's plasua voluse was enhanced by
eﬁp@aﬁ$®:tﬁVibé'témpérﬁﬁuﬁﬁa; ' Sinte there was no
correlation with the level of plamma

protein, the possibility
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of'a&rﬁn&l influences was suzgestod, Sinelair (1053)
glso supperts the involvement of tho adrenal cortex

in nutriticnal ocedena

L]

Another experimental epproach used iz to counteract
the effects of a low protein dlet by the administration

of hormened.

The. reactivation of the sex organs followlng the

administration of gonadotrophina has alroady been mentioned,
and this nay take place at tho expense of body weight
(Yamamoto 1950), The secessory reproductive organa of

the malnourished male have also besi stimulsted by testia
hormone {Moore et &1 1931), The work of Nelson and Evans
(1954) 18 of specisl interest in this connection, These
authors by the administretlion of cestrone and progesterone
wero gble to maintain the pregnancy of rats fed a prwﬁsxn
Vfr@@ dlet, Using the dose 0f 2u cestrone or 4 mg of

progestorone dally during prégnaney the number of femalea
wit&vliviag foetuses was increased fronm sbout 10% to 80%,
put the average number of live foetuses per rat was only
6 in cam@ari&sﬁ with the normal of €8, Tho combined
é&miﬂi@ﬁratian of adstrone and progesteront maintained

1ive foetuses in 1007 of the animal

g end the number of
1living young per rat was nearly normal., Food intekes

woro nmeasured and shown not to contribute to the resultis
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gince the injected animals actually ate less than

their controls,

The work of Handler concerning the role of A.C.T.H.
in combating phe effect of a low protein diet on fasting
hypoglycaemia and lack of blood pressure response to
nephrectomy has aslreedy been mentloned, Aschkenasy (1954)
was able to prevent the lethal effect of protein inanition
on the survival of the adrenalectomlsed rat by the

adninistration of cortlsone,

Using adult female rats (7«10 months old) fed isoe
caloric diets of varying protoinﬁzzzzi:Fiansins upwards
from 6% casein, Gordon et al (1948) found that the amount
of nitrogen retained and the increment of welght gained
under the influence of a & day injection period with growth
hormone, varied concordantly with the dletary protein,
being optimal on a 24% casein diet. Geiger (19563) working
with adult male rats put 15 days on a protvein free diet
and then 15 days on a 24% casein diet, found that
physiological doses of growth hormone had no effect on
body weight during protein re- or de-pletion, but that
once predepletion weight was reached, the growth increment
was greater for the animals receiving growth hormone than

for the controls,
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Aschkenasy et al (1053) deprived rats of protein
for G0 deys and then allowed a slow recovery by feoding
7% casein and investigated the effects of Hormones on

the repair of the resultent enaemia, - Thyroxine stirmlated
the production of all types of blood corpuscles;
testosterone stimulated the production of erythrocytes,
neutrophils. and lymphoeytes but retarded the production

of eosinophils and csused numerous deaths; A.C,T.H,
stimulated the produétion of erythrocytes only; eestrogen
inhibited the production of erythrocytes and stimulated

the praduction of white blood corpuscles oth@y‘than
nautroghils growth lorg@ne in small doses weasd @gyﬁh@gy@@&i@
&nd in large doswa inhibit@d @rythfﬂpQ&&i&-“

When rats previcusly subject to protein deficilency
were repleted the simultaneous injections of adrensl en

thyrold hormones spe

eded up the restoration of normal
urinary levels of amino aéiﬁﬁ; urea snd total nitroger
a3 well as the liver content of certain proteolytic
1953), NO mention was made of which
adrenal hormones were used,

%ha praeading survey would indicate ﬁnat thare 1s
aam@ int@rr®r®nae of norm&l @ndoorinal functian on a 1ow
pyatain ﬁiat& but mu@h nore Wark is rﬁquir@d hmw&var to

put this conc@pt onto a firm experinental basis and to
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'elucidat@ tho exact nature of the Gleturbences. For
exsaple Nelson and Lvans concluded from tmair wpwm@nw
shet the harmful effect of wrotsin deficiency on
r@prgﬁuctim was due to a failvs.ra in hormone prm&umion.
‘Fowever 1t could be that prowin def&ci@nay mcrm,wd
ait&mr t&‘e dammxd for the harmonw or their rates of
éwtruction. In fact some authoritiw believe that the
griount of circulatling oeatrogen nay be actually incroased
4n protein malnutrition owing to an impairment of the
liver's d@&tructiv@ nechanism (Eiak&n& 1946),

The role of Lbe adrenal cortex in proteln
maluutrition is also rather obscuro, Some authors bellieve
that thie activiiy of the adreanals is incressed on dow
proteln dlets; the adrensl hypertrophy obasarved by
yeCarrison resulting froa protain deflelency (1518~1935)
is thought by 3inclalr {l@%) %0 be accompanied by an
over secretlon of the mm%c&wtmm&m Sayers (1949)
roports that nelther the 1iberation of A.C.T.He nor its
formetion is altered from normal in the protein defilclent
ret, end concludes that the functionel capaclty of the
edrenal cortical systen is only 8lightly affected in
.gmmm to the more merked effect on the pltultary
gonsdal axis, Samuels (1952) believes that the anount
of A.CeT.Hs liberated is reduced under condiions of
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low protein intele but that under stress it is capalle
of beling released in norael asmounts, Contrary to this
are the results of landler concerning the stresses of

starvatlion and partial nephrectomy which show different
effects on low end adequate dietary proteln levels, and
the work of Selye concerning tho increased response to

AsCoeTelle On very high protein diets,

&maﬁx . .o
Protein malnutrition is a present day human

nutritional problem which has existed in many aroas of

the world for generations, I'or thiis reason a study of

the effects of protein shortage and how they mey be
counteracted is of interest, more especlally when the
defliclency has been present for long perioeds, Practically
no work has been undertaken on the growth and reproduction
of the rat fed low protein diets for several generations,
When the protein supply is restricted the body and the
blood compete for the available proteiln and there 1s
controversy as to which is the more successful in this
competition. There is also controversy as to the role

of specific anlno acids in counteracting the ansemia of
protein deflcliency., Recent work has suggested that growth
and reprcduction ere affected Ly protein deficliency by way
of an altered endocrinal balance, thoush further work is

required to elucidate the nature of this altered bvalance,



PART II

EXPERIMENTAL.




EXPERIMENTAL.
Introduction.

The starting point in this work was the
experiments of Balfour (1952), who found that it was
impossible to breed from rats fed a dlet of similar
composition to that eaten by the Africans in Gambia,
In view of the lack of work previously done on the
growth and reproduction of rats through successive
generations as compared with short term experiments,
it was decided to supplement a Gampia-Type Diet with
enough protein to enable the rats to breed,

The first section deals with the animals and
diets used.

The second section outlines the experiments
undertaken in order to study the reproduction of rats
through several generations on low protein diets, where

body weight is teken as the criterion for growth,

In the third section work involving the measurements
of red blood cell concentrations as a further aspect of

the growth of the luw protein animals 1s reported,

In the final section the growth of some of the
endocrine glands of the low protein rats is considered
as a clue to their functional state,
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ANIMALS AND DIETS,

Aninals,
The animals used throughout this work were those

obtained from the Unit's Colony of CGlaxo Albino Rats inbred
by brother-sister mating, and they were housed on wire screen
cages.
Diebs.

Three main diets were used in this work, namely:
sbock dlet, basal diet and basal dlet supplemented with
various levels of fishmeal, All dlets were fed ad libitunm,

The stock diet, which was supplemented with liver (6g.
per rat per week), was dlet 41 supplied by Glaxo, (Bruce 1950).

The basal diet was one where the food-stuffs corresponded
in amounts with those of a typicael diet of a rurel area in the
Gambie (Applied Nutrition Unit 1945) but were in fact of
European origin, (Table 1 (a) and (b).

Table 1 (a) Composition of Basal Diet.

rﬁpooc:t Constituent. % Composition. % Protein Content *

Wheat 80 10,6
rPotato starch 10 0.0
Haricot bean 5 1,3
Lucerne meal 2 0e5
Arachis oil 2 0,0
Salt mix 1 0.0

TOWLERMMA 10 goams pie 200 Galss JEE

*Values given are derived from the literature.
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Table 1 (b) Composition of Gambian Diet

Food Constituent. % Composition, | # Protein Co;::;;j
Sorghum flour o1 11l.5
Groundnuts 6 1.5
Dried leaves e 0¢6
Salt 1 060

as grams per cent, 1345
Total Frotein as grams per 100 cals, 2.8

The various fishmeal levels were achieved by subatituting

it for a corresponding amount of potato starch in the basal

diete Table 2 summarises the diebary data.

Table 2, Percefitage Composition of Diets,
r -—--‘_._.1
Basal |27 Fishml, |67 Fishml [L0fFishml | 8tock
constituent Diet |Basal et |Basal Dlet |Basal Ilet| Diet ;
white fishmeal 0 2 5 10 8
potato starch 10 8 5 0 0
pried skimmed milk| O 0 0 0 3
Dried yeast 0 0 0 0 1
lement 0 0 0 0 bg/rat/
Liver supplemen S
Haricot bean powden & 5 5 5 0
Whole meal flour 80 80 80 80 46
Sussex ground oats 0 0 0 0 40
Lucerne meal 2 e 2 2 0
ground nut oil 2 2 e 2 0
Cod liver oil 0 0 0 0 1
Salt mix (Glaxo) 1 & h 1 1

Vitemins A, D, and B complex were added to all four
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experimental diets in the followlng amounts

Vitamin Additions per 100 grams of Diet,

LeUe
Vitamin A (in Arachis 01l) 700
Vitamin D (4in Arachis 0il) 360
Vitamin B, complex (Copping et al 1961) ~ebe
Choline 30,0
Inositol 10,0
PelAeBeAe 10,0
Nicotinic acid 10,0
Ca-d=pantothenate 046
Riboflavin ' Oe4
Pyridoxin Oel
Thiamine Oel
Folic acid 0,02
Blotin 0,08
The composition of the salt mix supplled by Glaxo was as
followss
Sakt ix (de Loueiro 1931)
Suoe
Sodium chloride 22
Calcium phosphate 130
Potassiun cltrate 125
Magnesium sulphate .20
Iron citrate 5
Trace element mixtures 0670
* [IDrace Element JMixbture
Potassium iodide 12
Potassium fluoride 10
Manganese sulphate 2
Cuprous lodide 1
Potash alum 1
1

Zine sulphate
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The wheat and beans were ground in the laboratory.
The experimentel diets were mixed as required, and 50% of
water was added to form a dough, which was rolled out, cut

into biscuits then cooked in an oven for 24 hrs, at 50°C,

The values for the protein content of the diets

(obtained from the literature) were as follows:

Pable 3. Protein Content of the Diets (on dry wolght basis)

Protein 2% 5% 104 Diet 41
content |Basal | Fishmeal|Fishmeal | Fishmeal 4
(Nx6.5) |Diet Diet Diet Diet Liver
es %’“ms 12,4 13,8 16,0 19,5 19,9
q
a3 gepor
100 :alao 5.7 3.7 4.4 5.4 4.9

Fairly good agreement with the above values was
obtained from chemical analysis of the nitrogen content of
the basal diet, which was estimated at the beginning and end
of the oxperiments, and was found to be 12,8%. The protein
content of the fishmeal was 63,6% which would give a protein
content of 187 instead of 19% in the 10 per cent. fishmeal
diet., (Table 3), The method used for the nitrogen
determinations was the Markham Process (Kabat and Mayer 1948),
The water content of the diet varied from 6=-8% depending on
the length of time from baking,

Fig.1l shows how the amino acid content of the diets
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(Block and Solling 1951) compared with the proportionas
required for rat growth (Rose 1937), Since the tryptophan
content of the basal and stock diets was the Same as Hosels
value, this was taken as unlty, and the relative proportions
of the other amino acids determined accordingly, On the
Same basls histidine was taken as wity for comparing the
fishmeal dlet. It can be seen from those approximate

valuea that the bassl diet was deficient in the majority

of essentlal amino acids, lysine being limiting. The 10
per cent fishmeal diet was also 8lightly deficilent only in
lysines The experiment described on page 98 conférms the
lysine deficiency of the basal diet, but that of the fighmeal
dlel was found to be deficient for male growth only,

A8 far as could be ascertained from the known dietary

' requirements of the rat (Sturtevant 1949 » Russel 1948), the
experimental diets were deficient only in protein, Vitaming
A, D and B complex were added to the dlets as was the mineral
salt mix containing the trace elements; arachis oil is a
good source of unsaturated fatty acids (Hilditch 1940) and
whole wheat and lucerne meal are rich in vitanin E (Herris

et al 1960), The specific effects of certain vitamin
deficlencles are usually recognisable (Platt 1945) and none

of these were observed,

The possibllity of the diets being deficient in



vitanin 312 and animal protein factors is discussed

" on page'36e. The depression in w@wmx abwmaﬁ on the
vasal dlet was in no way alﬁww by the inol%mn of
vmmm m2, (W@w 55). ' '

The results obtalned on thie law protein dlet sre
complicated to sone extent by thoso introduced by the
resulting reduection in food Intgkes The factors concerned
in tho regulation of tho appetite have teen extensively
reviewed (Lepliovaly 1948, iayer 1U85) and it has boen
shown that the presence of nine essentlal muino acida
13 required for the nmeintenance of the rat's food intake
(Frazler ot al 1047). The diminilshed food intake is
therefore indicatlve of a deflcliency 4in tho diet so it was
consldered Imnaterial for the purpose of this work - tho
effect of a low protein dlet - uwhicther the effect was
wholly direct or partlaelly caused by the reduced appetite
which 1s in 1tgelf the result of the protedn deficiency,
In any casec, ff the srowth of tho rat is severely limited
g8 when tho protein Intake is reduced, thie requirenents
of other nutrients vhilch are dependent on the animells

size and rate of growth, will be coerrespondingly reduced.

The experimental dlels were cocked primerily to
render the starch more digestible (Pozersil 1933) and to
gimulate Camblan conditions, It 1s probablp that tle
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cocking process reduced the functlonal value of the
proteln (Duckworth 1952, Patton 1950) nalnly by reducing
the lysine content, because thils amino acld ecid is

espocially susceptible to heat,
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GROWTH ARD REFRODUCTION OF SUCCESSIVE GENERATIONS OF

RATS FED LOW PROTEIN DIETS,.

(a) PRELININARY EXPERIMENT.

The follawing two exﬁerimenta were underpalken in
order to confirm that the bagal diet was siumilar in its
general effect to that used by Balfour (1962), end that
the use of fishmeal as a protein source would counteract
these effects, In the flrst experiment reproductive
performance was studied, The rats used were gdult stock
animals which were put on to the exporimental diets, in
contrast to the second experiment where the diets were
introduced to weaning stock rats.

Bxpe, 1t A COMPARISON OF STOCK DIRT AND DASAL DIET A,WITH

AND WITHOUT 10% FISHIEAL, I"OR RAT REPRODUGTION-ADULT RATS,

Stock rats aged approximately 24 months were fed
one of the follawing three diets: basal diet A, a 10%
fishmeal supplemented basal diet A, or, as a control,
the stock diet, Each group was composed of four female
and one male rat housed together in a cage; as the rats
became pregnant they were lsolated and given wood wool
to make thelr nests.

The experimental diets in these preliminary experiments
differed from those described earlier (page 36), in that B
vitamins were not added, potato flour was used in place of
potato sterch and the fishmeal dld not replace an cquivglent

welght of potato starch, but was added directly to the basal
diet.



45,

:
The reproductive results arc summarised in the following

s 3’ red within
\ birth pup weights were moasured
Tahaay e 5'{§g:hqunlrgftor birth, :

Zeble 4 -Reproductive Perfo ce = Pups P ced.

[ No. | No. No, of Pups Litter at Birth
of |of % liean o, |iean Pup

| Diet Rats Littarﬂ Born |Weaned |Wean of Welght

| Pups (g

Basal s +

Diet A 4 4 24 4 17 | 6/0=1,8 |5,120.2

107 Fishml

+ basal | 4 4 21 9 43 | 543%1,6 [543 ¥ 0.5

Diet A

stock 4 4 27 | 19 71 | 648%2.1 4.8 = 0,9

Diet

Table 5. Reproductive Perforumance = Dams.

No. wiiggg of Time taken to
Diet of 1ncrease| 1o Produce lst
Rats postpartun Litter (from
whe) introduction
5 cof male)
B Ee ' dys.
Basal %
Diet A 4 (1303 3,3 | 33,5 6.4 wia
10%FPishml 4
Basal | ¢ [184.8 % 4.4 |28 T 5.7 ezt e
Diet A
+
- & (18840 = 8.1 | 56,8 I 5,8 %5

» Values given are the mean together with the standard deviation
of the mean,

Tho number and weight of the pupe born wers

unaffected by the diets, yet the welght gain during pregnancy
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of the mothers was probably significently greater on the
stock diet than on the basal diet (p = 0.,03), there being
no significant difference between the fishmeal and stock
diets, This supports the general concept (Jackson 1925,
Burke 1943) that within certain limites the adult female is
drained of protein in order to preserve the foetus,

On applying the Chi-Square Test to the weaning succeas
on the various diets, the resulis using stock diet were
significantly better than that on the basal diet (P = 0,01),
there being no significant difference between the flshmeal
and stock diets. The litter from the basal diet mother
survived only a week after weaning, the pups becoming very
feeble with alopecia developing behind the ears and on the
pack of the neck and shoulders, The pups weaned on the
other two diets survived normally untll killed at 7 weeks,

Fig., 2 1llustrates the growth of the three male rats,
The weight gain from the age of 15-20 weeks was practically
the same for the fishmeal asmndstock diet, 58 and 56 grams
respectively, that on the basal diet belng much less, 36
grams, The set~back to the welght gain on the experimental
diets found over the firat week or so, is presumed to be
the result of the drop in appetite following the introduction

of an unaccustomed diet,
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Exp. 2. A Comparison of Stock Diet end Basal Diet A with/
without 107 Fishmeal for Rat Reproduction - Wegnling Rats.

Three groups each of six female weanling stock rats
were fed the same diets as in the previous experiment, and
as before each group at the age of about 2% months was
mated with one of three stock l&tter mate meles. Prior
to mating the food intakes were measured collectively for
each cage of three rats,

During thn'firat two weeks of the experiment the
diets were fed as a cooked porridge in order to imitate
African conditions, but this had to be abandoned because
of souring, and the diets were then fed in the usual
biscuit fornm.

Some of the dams were killed immediately on thelr
being found with no live litters and their mammary gands
removed and fixed in formalin for subsequent staining with
Haematoxylin and 0il=Red=0 for the presence of fat,

Fige & snd Table 6 swmmarise the results on growth
during the initial period, The results for the first
few weoeks were neglected because of the drop in appetite
due to diet souring,



. ‘s}a1g 304 jo3Wys) | v |Os 4y |osog
.ocmcooBEo&vu“_ ﬂmm ._nw.oEo“_ Kw W_oawc_ +voou_ mm< f;ouu .n.m.“_

33 NI 30V

ot
<40S
40L
406 -swi9
e B9
woy} uoaw 2D SINPPA -SIASIIM AGOW don Nvaw
-4 O€1
‘¥ 1310 VYSYE U=
“WINHSIY %Ot +V 1310 WSVE V-
1310 NO04S O=O . <49
-“€8
oM [ 102/ 6§ 13 pNdXD -0l Lop/iva/t
SUDWIINEDIE 1P %01 3NVINI
!
'spojaad Appam a0 Wo aood
s0b kiaanoaiios paansoany - FIEET 5553 vi NV3N



S0,

Tabls 6, Increase in Rat Welpht from the Ars of (=10 veeks.

Tean increase in Lody
- : los O | Wolght from Age ©-10 Vieeks
Diet Rata Ee
Basal Diet A O 2042 F 1.0 4
iﬁﬁﬁﬁﬁigﬁfﬁi A 6 B3.7 % 1.0
Stogk Diet S 54,0 % 1,7
' Fisherls P for £roups compar
< 0,001
> 0,0

V&lu@@ @ivan are the mean btogetlier with ita &%&ﬁﬁa@ﬁ
deviation,

ﬁh@ w@i@at g@iﬁ@ﬁ on the ri@mm@&& diet 7o

braat@r ta&a that on the basal diet (p < 0,001), ﬁha&@ belng

no significance between the fishmeal snd stook diets

(p >0.9). The values on food utilisation expressed as
ung - of food per gram

inerease in body welght over the

azos 0f 6=9 weoks were 11, 6 and O on basal fishmeal and

liver), respectively, The poorer
utilisation of the basal diet indleates that the depression

a8 not just the result of the lower food intake,
The M@in cause ef the poor utili&at;sﬁ of the Lasel dlet
was yras@bly its amins acid imbg&&nc@, ﬁinﬁﬁ the esgential .
&ﬁiﬁ@ aci&@ can only be utilis@& &ffiei@mbly when supplied
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sirmltaneously in the correct proportions (Gelger 1950),
94imilar effects have been observed by other workers

(Ellis and Hankins 1935), end the results of Hitchell

(1935) suggest that on hlgher protein levels the more
balancedration results in less wastage of energy as heat
1055..lThe impeired production of dlgestive enzymes on

low protein dieéa (Knox et al 1956) may also be a conditioning
factor. Vhether any significance can be attached to the
gmaller difference in food utilisation between the fishmeal
and stoclk diets ls doubtful., Strlctly speaking these two
values are not comparable as the dlets were fed in different
forms. Iin the case of the pelleted stock diet the error

due to food loss on crumbling was greater then with the
piscult dlet, which would tend to raise the value obtained

for the former dilet.

The results on reproduction,.Tablea 74 8 and 9, show
that the besal diet was unsuitable for rearing rats as none
of the litters could be weaned, as compared with a 70%
weaning success on the fishmeal and stock dlets., The Chi-
Square Test showed that the difference between the fishmeal
and basal diet was significant (p = 0.01).

The litter size (p = 0,01), birth pup weight (p 0,001),
and post partum dam welghts (p ® 0,02), were all significantly
reduced on the basal diet, where the femalea also took
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significantly longer to become pregnant (p<0,001), as
compared with the animals on the fishmeal diet. Again
there was no significant difference between the results
obtained on the flshmeal and stock dlets.

Table 7, Weaning Success on the Various Diets.

No, of |[No, of lo, of % No, of
Diet Litters |Pups Born | Pups Weaned | Pups Weaned
Basal Diet 6 10 Q 0
10% Fishmeal ‘
+ Basal Diet e i Lo 2
stock Diet 6 44 31 71

Table 8, Welght and Size of the Litters,.

No.of Litter at Birth Litter at weg§;§g
Diet |Litters| o* © Mean Pup | No, of i
Live Pups |Weight Live Pups |Weight
per Litter| ge. per Litter| g
Basal 6 1.7 & 0,6° |3.6%041 0 -
Diet
107FPishml, & "
+ Basal 6 8o0 10,7 [4.9%0,9 | 5.7 570,90 (27,7 £ 6.7
Diet
Rbagx 6 7.3 £ 0.8 |4,8%0.2 | 5.8 1,7 |30,7 £ 0,7

g Values are the mean together with its standard deviation.
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Table 8. Weight and Fertility of the Dams,
Time Taken
No. | to Ppoduce Dam Weight
Diet gﬁts Litter (from
introduction
of male) Post partum | Weaning Gailn
(days) (ge) (ge)
Basal Diet| 6 | 82t a8 * 134,8 £ 8,4 -
104Fishml, | 6 | 36 Z 4 159.8 = 5,1 | 1448 ¥ 4,5
+ Basal
Diet
Stock Diet| 6 | 31t 2 175.6 * 6.3 | 20.8 ¥ 4.6

# yalues are the mean

together with its standard deviation,

The suggestion that the faillure of the rats fed basal

diet to wean their litters was due to a cessation of

lactation (Balfour 1952), seems unlikely as there was no

sign of any diminished amount of fat staining colloid

within the elveoll of the mammary glands obtained from the

rats which falled to rear their young, when compared to

control animals, though of course the "letedown" reflex

may have been involvedj

(Waller 1938).
{Howton-1050), In inanition 1t is

known that desplite mammary gland atrophy secretion continues

(Meynier 1906, 1908),

It is thought that as with humans, the

very small birth welight gave the young little chance of
surviving (Nichols 1945),

Reduction of the litter size on the basal diet is




thought to be primarily due to the increased number of
foetal reabsorptions known to occur when the protein in
tho diet is reduced (Gullbert and Goss 1932),.

Any direct effect of the law protein diet on reducling
the birth welghts would be enhanced indirectly by the lowered
weight of the low proteln mothers, whose slze lg known to

{nfluence the birth welights (King 1915, Hammond 1944).

The iang@r time taken by the rats fed basal dlet to
produce a litter may be the result of several factors lnowm
to occur on low protein diets, such as the delay in reaching
sexual maturity (Slonsker 1930), failure of the law protein
rats to mate though in oestrous and prolonged irregular
oestrous oycles (Guilbert and Goss 1932). It is possible
that the gestation period may also be prolonged as ls known
to be the case with inanition (Barry 1920),.

On cam@aring the results of this with the prévious
a&g@rimant, tho detrimental effect of the besal dlet on
r@yr&ﬁuctian is mucﬁ move marked when the dam has been fed
»the diet from infency than only in aéuit life, This is not
surprising as in the latter»casa not only has the dan
gré&t&r protein reserves to call upon, bub the actual
protein requirenent of sn adult anlmel are less then that
of the younger maratr&pidly growing animal, Indicatlive of



55,

this is the significantly lawer (p = 0,01) post partum
dam weights on this experiment as compared with the

precediing one,

The results obtained from these two preliminary
experiments show that the basal diet alone, llke the Gambian
diet, 1s unsuitable for rat reproduction, and that a 10%
f£ishmeal supplemented basal diet compares favourably with
stock diet,

prrect of Vitamin B12 Supplementation of the Experimental Diets.
Though lucerne meal is rich in vitamin Bl2 (Hartman

1949, Peeler 1949), it was recognised that the basal diet
might be deficlent in this vitamin, so that the results
obtained previously on the addition of fishmeal may have
peen due to its vibtamin Bl2 contenf rather than that of its
protein,

Six litters each of two male and two female weanling
rats were divided into four groups, composed of three male
and three female rats respectively, The groups were fed one
of the following diets ad libitums bﬁxal diet with and
without vitamin Bl2, or 10% fishmeall with and without vitamin
Bl2,

* Dr. J.E., Ford kindly debermined the Bl2 content of the
fishmeal which was 0,0518/8
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Doses of vitamin El2 equivalent to 0.3ug per day,

which is in excess of the rats requirements (Sebrell and

Harris 1954), were given orally as a solubtion of vitamin

n
B12 triturate (Manltol) in water twice weekly.

The animals were housed in individual cages and their

weekly weights and food intakes measured,

The composition

of the diots was tho same as that described in the first

saction (page 36) but the wheat was from a different source.

Table 10. Effect of V in B12 Supplementat ©
; imental Diets,
No, of | Initial| Increase |Total Food |Food
Dlets |Bats Rat | Rat Wt,, |Intakegige |Utilisation
il Weight | age 3-11 |3«11 wks. |Age 3-11 wks.,
053 le| Po o wiks . %.ro % inec,
g/rat/evks {g/rat/Buks, weight.
Basal
Diet 3|3 |32,6%1.8 8.,3%2,0 |268.8%15.) |42.7811.0
-+ 88831 5 3 32.2‘1.4 7.2—2.1 254.2-10.8 30.7.9.4
Diet
10’::}?1811‘ & <4 +
meal + |8 |8 |32,881.5/111,0%10,8 |572,8232.3 | 5.,850,3
Basal
Diet
v1t.312
4-10/0 z *
Fishmedl |3 | 8 |32.5]1.1|111.827,5 |568.3%20.6 | 86,1%0,3
Basal 7?!!55!5'?7?or means compared
Diet
Bagal Diet with/without
vit m ° 0.7 005 004
109 Pishml,BeDewith/witho 0,8 0.6

vit. Bl

|T 0.9

# Velues glven are the mean together with its standard
deviation,




57.

As seen from the results (Table 10 and Fig, 4), the
addition of vitamin Bl2 hed no effect upon the growth or
Pood intake of the animals on either of the diets., Nor
wes there present any sex difference within each dietary
group concemning the effect of vitamin Bl2 on growth,

It is concluded therefore, that the vitamin EH12 content
of the fishmeal was not the prime cause of the response
obtained on its inclusion in the basal diet.
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iﬂ) GRQW?H AND REPRODUCTION OF Su&bh&wIVL GISHERATIONS o

- The results o of the yr@lim&nary exporinents indicated
that & sultable fi&hm@al level for the rearing of low »
protein rats lay between a O and & 10 per cant au@pl@m@ntatﬁsn

of the basal dlet,

It is well known that the proteln requirements are
{nereased during pregnancy and lactatlon, and the work of
Seegers (l§37) mnd lelson (1863), point to a aritia&l n@@ﬁ
for protein durinw the earlleat stages of pr&gnaney. It

as th@r@fore d@cid&d to try oubl varlous 1@vala of fiah&@&l
5u@p1$x@nt3 added to tqe basal diebt durling wra@n&nay ﬁﬁﬂ
lacﬁatian. -
1, First @@a@r&t;gg

| Litters of five w@anling female Stock rata w@ra

divid@d in the ratio af &sl between two groups fed ﬁﬁ@ basgal
and stock diata r@&pa@tively. At the age of 20«21 weecksa
the rats fed basal diet were subdivided lnto four groups
fod basal, 2, 5 or 107 Pishmeal suprlemented basal diets
ré&?@%ﬁiV@ly,“(f@w composition see¢ pege 33), and one of
five x3$t@r~ma§® adult stocl mal@a was introducad 1nto th@
cag® @ant&ining each di@tary group. The raots were nat@d ke
latar then 1s uau&l for br@@ding purpos&&, in vi&w of tha
lighter W@l&ht of the low protﬁln animals. As tha ratg
becane pregnant thej were housed indiviﬂually &nd givan
weed wool to make their n@mts. Th@ supplem@ntad dlets

Y .
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were éanﬁinuea unﬁil'ﬁ&é female young wero weened onto
baSai'diéﬁ for ﬁhe'ﬁroaucticn of the next ”An@ratian, their
mothers bainglréturﬁ&d to the basal diet for a fcrtnightly
rest p@viéd\baféré ageln repeating the above dletary
changes for the next pregnancy.f'Tﬁ@ stock animals were
Mﬁint&in@d on their dlet t!roa@hcuﬁ, and all rats were

W@ﬁﬁ@ﬁ at ‘three W@@ka. :

_ 3tock male rats wore also weaned onto the basal di@t;
and from the age of 10 weeks the riales were bred with stock
females, both rets baing fod the basal diet, The females
wgr@'qccasionally removed for an hour or so and giQ@n some
stock dlet. VWhen the difference in size between the two
sexes becaue conglderable, the xam&;@g whoge férti&ihy was
subsequently teated using a stock mala; waa faplgas& by
another stock female aged about 2} months,

i The results on growth are sumnerised in Tablesll,
12 &nd 1&, end Figs, 5 end 6, The food intolies were

rmeasured ccllectively for several rata in a cage.

The growth of the rats fed basal diet was considersbly -
less than that on stock diet, the weekly increase in body
welrht over the initlal perlod being about 3 g &8 compared
with 16 g. on the latter dlet, The growth of the female rats

fed basal dlet was probably significantly greater then that

of the male (p = 0.,04). This greater susceptibility of the
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male to low protein diets has been noted by other
workers (Hartwell 1925, Jones 1951)., Records kept

for over a year (Fig. 6) suggest that the normal initial
growth spurt was absent rather than delayed in the low
pretein animals, e<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>