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THE, BIOLOGI CAL ASSAY OF FISH OILS FOR VITAMIN A.

*Introduction.

Domestlc anlmale must be furnished with a ration that
is complete 1n carbohydretes, fats, protemns, v1tam1ns,~end
"mlnerals 1i normal health reproductlon, and growth are to be
malntalnedo A deflolency in any nutrlent or v1tam1n may cause
retardatlon of growth in young anlmals, or decreased output ii
klln mature anlmals of- such products as milk or eggs. Furthermore
deflcien01es in dlet may result 1n diminished health or vigor
as ev1denced by such diseases as xerophthalmla, nutritional
‘roup, rlckets, pellegra, anaimia, or goiter.

The causes of the most common of these deficiency
‘dlseases have been traced in recent yeears, to a lack of some
'specific vitamin. of the many d1iferent v1tam1ns known to
ex1st today, Vltamln A has reoelved con51derab1e attention.
k.Many 1nvest1gators have shown that this vitamin is 1ndlspensab1e-

' for the normal growth of anlmals although the actual amount

‘_needed is very small. Of this small totel relatlvely moderate

\quantltles are requ1red for malntenance, somewhat larger
:qnantltles for growth and relatlvely 1@rge quantltles for the
,proouctlon of eggs or mllk.,

Since Beach (12) in 1923‘showed that Vitamin A was
ess entlal for normol poultry nutrltlon, a great deal of work

”'rhas been done by other 1nvest1gators to determlne the
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Q;uantitative requirements of cliicks for this vitamin.
| Ordlnarlly, Vitamin A is supplled throngh the feedlng '
‘ of yellow corn, dehydrated alfalfa, or green Teed.. These feeds
;as a rule, mnet be eupplled in comyaratlvely large amounts to
~meet the Vltamln A requlrements of growing chlcks and partlc-'
kularly of laylng birds. In recent years fish oils have become
widely utilized as‘sourceskof Vitamin'A for,poultry because
‘they'are very potent sourcee of this vitamin. According to
Fr@js end Treichler (85) ‘a good grade of Cod Liver 011 contains
600 1000 unlts of Vltamln A per gram, while a good grade of
’yellow corn contalns only 5 units of Vitamin A per gram and
dry alfalfa 12 units per gram. It will be readlly seen, there—
k'fore, that the Vltamln A content of a ration can be readlly
‘fortlfled and controlled by the mere addition~ofja small
quantlty of a Vitemin A potent fish 01l.k

= Amongst the fish oils, Ood Liver 0il has hltherto'
occupled a pre-emlnent p031t10n as a souroe of Vitamin A in
both human and animeal nutrltlon. In recent ye rs it has been
t‘shown, however, that many other fish 01ls are just as rlch
sources of Vitamin Ao

Amongst the ‘various flsh 01ls, BRITISH COLUMBIA

PILCHARD OIL is already exten51vely used as a source of
U’Vltamln D On account of this, it was deemed adv1sable to
carry out at The Unlvers1ty of Brltlsh Columbla 1nvest1gatlons
tregardlng the Vltamln A potenCJ of this o0ils ’

The purpose of these 1nvest1get10ns were not only to

"throw llght on the Vltamln A content of Pilchard 011 but to
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determine the Vitamin A requiréments of growiné chicks as well.
At the same time, it appeared that a satisfactory method should
be develbped, if possible, for the biological and chenicel
_assay of Vitamin A in fish oils. “

The present investigation consists of three distinct
experiments. (a) Estimating the Vitamin A content of British
Columbia Pilchard 0il in terms of International Units. (b)
Developing a suitable basal ration free from Vitamin A for the
biological assay of Vitamin‘A iﬁ fish oils, using the chick as
the test‘animal.(cl) Comparing the biological and chemical
methods of assaying British Columbia Pilchard ©il. (eg)
Determining the Vitamin A content of Pilchard 0ils produced

at different periods of the fishing season.

¥o reference is made in this investigation to the
storage of Vitemin A in the livers of chicks fed varying

amounts of Vitamin A. Work on this phase of the problem is

in progress.



DISCOVERY OF VITAMIN A.

The specific growth-promotlng property which 1s now
'assocleted withthe occurrence of Vltamln A was flrst observed
:by McCollum and Dav1s (142) in 1913 » who found that an ether
extract 0f;butter~or egg,yolkkln_a synthetio,ration had a stim=-
"tnleting action on gtowthfwhich wasknotlpossessed1by other fats
\}snch,as lard Or;olivekoilff | L | |
kk These workers pointed ont that certain mixtures of
ylfetseof,enimal origin, asvbutter fat, egg fat and the fats’ex;,

”ntracted from the internal organs, eg. the kidney, liver, etc.,,?

;contaln something which is absolutely 1ndlspensable for eltherj;
l, ma1ntenance or growth, and that this substance is not found 1n1”
vegetable oils or fats and in but very small and 1nadequate
?amounts in the bodyfats of anlmals,: k
B ; , They showed that when the d1et 1s 1nadequate in its
‘content of this substance Whlchthey designated as fet~soluble
kA, -the anlmals become ema01eted and suffer from.edema of the
: ‘eyes., Bllndness results if the anlmals are permltted to go
kiw1thout thls dletary essentlel or Wlth an 1nadequute supply for
na suf:lclent time. ; , , |

| Very shortly thereafter Osborne and Mendel (171) gub-s
lllshed experlments in which it Was pointed out that thelr milk
ratlons hmd spe01al dletary propertles ot found in their milk-
;free ratlons end that this chqracterlstlc seemed to be true of

:fsratlons carrylng an equ1Valent ~amount of batter as well, Later
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(172) they obtained uniform success“by substituting cod liver
011 for a’ portlon of the lard in their standard dletso

: Stephenson (258) in 1920 found that a crude alcohol=-

~\11ght—petroleum extract of drled carrot when added to-a fat

not contalnlng v1tam1n confers upon it the growth promotlng
rproperty and the power of protecting the anlmal from or .euring
‘it of keratomala01a° His work showed that the substance or
substances in the extract, responsible for these properties
‘was not carotene. Other experiments that he conducted demon-
cstrated that ‘the colourlng matter of butter fat may be complete,
- ely removed or destroyed by filtration through charcoel with- |
’out in the least affecting the v1tam1n content of the butter.
Zilva (267) in 1919 found that the fat soluble A fact-
or in butter became inactivated when the butter was eXposed to
ultra violet light for eight hours. | |
| Drummond and Coward (60) in 1920 decided that no hard
‘and. fast llne could be drawn between the animal and the veget»
able 011° and fats when their value as a source of Vltamln A
‘Was belng cons1deredo These investlgators also found that the.'
anlmal fats, taken . as a class, possessed a growth-promotlng
upower superior to that of the vegetable oils. This superior‘
growth pronotlng power of the anlmal oil or fat appeared to be
ylnfluenced conslderably by the diet of the animal, ,
In 1919 Harlng,;Beach and Jaffa (26) reported a study
Aof several outbredks of a disease occurlng in flocks of pullets.

in Callforn;a, whlch,,soofar askcould be determined by a sesrch
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of the literature, had not been previously described. The Symp-
toms resembled those of "roup" more than of any other disease of
fowls known at that time, but differed enough so that a differ-
ential diagnosis was readily made. Later on Beach (12) defin-
itely showed that the disease with which he was dealing in poul-

try was due to a lack of Vitamin A,



VITAMIN A IN THD PLANT KINGDOM

Vltamln A Content of Plants.;

Steenbock Kent and Gross (2?6) in 1918, discovered
that barley contalned an abundance of the water soluble v1ta- gy
‘min but/was deficient in the fat soluble vitamin.
| Osborne and Mendel (173) in 1919, were'themfirst iné
kevestlgators to note that green vegetables supplled ‘an 1mport-
‘ant addltlon to the diet of man because the staples such as
“gereals, meats, potatdes, fats and sugar‘furnished too small
an amount of the vitamin to meet fully the requlrements of an
, adequate dletary, ; | ) ;
| | As early as 1919 Steenbock and Gross (228) demonstrat-
ed’the hlgh fat-soluble v1tam1n content of carrots and yellow
sweet potatoes as compared with other roots. A year later,
"Steenbock and Boutwell (229) showed that yellow corn containede
" enough of the fat- soluble v1tam1n to allow growth at the norm-
; al rate to take plqce in the rat. White corn,on therother
hand did-not contain any demonstrated amount of the feteeOIuble;
vitamin. | B : | | o
In 1920 Steenbock and Gross (230) found that 5 7 of
,‘clover or elfalfa as the sole source of fat-soluble vitamin in
k'a ratlon, when other dletary requlrements were met, allowed
,’normal growth and the rearlng of some young. | |
o Steenbock, Sell and Boutwell (234) worked with peas
ff to flnd their fat-soluble v1tam1n content in relatlon to thelr

'eplgmentatlon. The results‘of this investigation demonstrated-
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that in rlpe peas, those of a green colour, also carrylng con-yr
siderable yellow plgment ‘were far rlcher in their fat- soluble
k~v1tam1n content than yellow peas which contalned much less

- yellow plgment. |

| | About the same time as these 1nvest1gatlons were golng

kon Coward and Drummond (35) were 1nvest1gat1ng nuts as a source

~ of Vitemin A. They found that~the various nuts contained a

large percentage of fat but possessed little or no v1tam1n A, |
Thelr results further substantlate the theory that Vitamin A is
formed in the green part of the living plant and is not stored
~to any appre01able extent as such in the seed and other resting
tissues. e |
Willimont (259) showed that 5‘¢ c. of’navel orange juice
contalned sufflclent Vltamln A for growth and wellebelng in the
-rat. : ; o
The Vltamin A content of barley was 1ntens1ve1y studled
":by Hughes (124) '~ He noted that When growth‘was used as a measyre
‘Of the;Vitamin A content of barley yellOW corn, white corn and
kbarley, the indications were that the Vitamln A content of
barley lay somewhere between that of yellow corn and Whlte corn,
When growth and vaginal smears were used as a measure of the\»’k
V1tam1n~A content of barley, it was shown that the qoantity in
vbarley was low, in fact much lower than that of yellow corn
but hlgher than that of whlte oorn. The experlment deflnltely
showed that barley, as the only source of Vltamln A in the dlet,
.d1d not produoe normal growth 1n rats. 1In conclusion he stated

that barley oontarned less ‘than one sixth as muoh'Vitamin A as



’did«yellow corns
’ Extenslve tests of the Vitamin A potency of alfalfa

were carrled out by Miller and Bearse (155a.). They found that
a sample of commercial dehydrated alfalfa contalned twice as
much Vltamln A as a sample of commer01al sun-cured alfalfa,'
After a year s storage the potency of the two samples was still
~the same. They also found‘that the dehydrated‘alfalfas they
used Were thlrty times more potent than samples of yellow corne.

Hauge (106) found that the Vltamln A act1v1ty of fresh-e
ly cut young alfalfa was preserved When the enzymes Were des-
R troyed immediately before drying. A direct correlatlon was
found between the effect of temperature on the Vltamln A and on
the enzyme activity. lhe influence of the sun's rays on the
destructlon of the Vitamin A was thought to be due to the prod-
uction of temperature which accelerated enzyme aot1v1ty. |

Gullbert (98) observed ‘no loss on drylng but cons1der~‘
:able loss on antoclav1ng and durlng sun-drylng, most of which
Was due to the photochemical action of the sun, though in. slow
~drying, enzyme and bacterlal action also played a part° lemp—
_erature was the most 1mportant factor 1nfluen01ng loss in stor-
sge; below 5Oc. no loss was detected in 6 months but the rate
of loss 1ncreased very rapldly w1th rise of temperature.

- Recent work on alfalfa hay by Vail, Tobigha and Doug-‘

lass (252} showed how Vltamln A may be lost or - conserved acCe
,ordlng to methods of handllng° N | |

lo Loss or inactivation of Vitamin A’in alfalfa;hay;



; .
results from:

(a) Usual praciice of Curihg ahd stocking.

(b) BExposure to ultra;violét’light in presence of

moisiure, | L N
',(c)'Storage of alfalfa meél in dloth sacks.

2. Conservation of Vitamin A in alfalfa hay results
from:' | | | '
(a)ycuring indoors. ;

(b) curing by rapid artificial drying.

(¢) Curing by’cruShing\and rapid drying.
(d)'Storage in the bale,

(e) Storage of elfalfa meal in paper sacks.

1he Vitemin A in alfalfa hay tended to become more 1n~,

‘yactlve the longer it was stored.

Woods et. al. (266 & ) found that third cutting alfal-

fa hay, cock cured and in fresh condltlon, contalned 308+ 13

Sherman unlts of Vitamin & activity per gram (1eaves 4854‘34,

stems 121+ 7 units). A sample of the same hay ground and

stored in dlffused llght for 4 months, contalned only 233+ 20

,,unlts.‘ Hay cured in the swathe for 3. days, then cock cured

and sweated in the stack contained 1164-9 units per gram com— o

pared w1th 1444*10 units for 51m11ar hay Wthh had been exposed

in the swathe only one day before cocklng. bweatlng 1n the

'kstack caused a 51gn1flcant reduction in the Vitamin A act1v1ty

from 2354*20 Shenman rat units for cock cured, 2@ months old '

~unstacked hay to 144ﬂ:10 unlts for 31m11ar hay sweated in the

'stack 49 daysa ,



8.
Fraps, Treichler and Kemmerer (84 a ) showed that al-

falfa products contaihing from 7.3 to 63.5 micrograms of caro-
tene had a Vitamin A potency of from 13 to 77 Sherman-Munsell
units (15.6 to 92.4 international units) per gram, with an
’éyerage value of 1.4 units (1.6 international units) per micro-
gram of carotene. ‘They also observed that one microgram of
carotene in the international standard had a value of 1.4
Shermen-Munsell units, and 1 microgram of purified carotene

had the same value.
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Synthe31e of Vltamln A din. Plants.

Wilson (260) in 1922 found that either etlolated or
green wheat sprouts furnlshed an adequate amount of Vltamln A
bwhen the dried sprouts made up 5 % of the diet of ‘white rats.
He drew the conclu31on that Vitamln A is produced in the grow~
‘1ng plant,W1th or without any accompanying photosynthesiso
| '~ Goward (37) in~1925opointed out that light is neceé

ssary for the formation of Vitamin A in plant tissues. This

. process, hOWever, can be carried out in the absence of carbon -

d10x1de and of oxygen in the surroundlng atmosphere. The
pproouctlon is also 1ndependent of the ultra-v1olet rays of
the spectrum (or such of those as are held back by 2 plates
of window glass) and can be carried on under the influence of
electric light in the absence‘of sunlight. On the other hand
"Vthe presence of chloroform in the atmosphere prevents the -
 formation of the Vltamln. k | ;

| In 1925 Coward (39) further showed that Vitamin A is

not used,in'any process carried on by 1iving plant tissue‘in

the dark. The Vitamin A appears to increase when a leaf loses

'~ its green color and becomes yellow, but is completely des~

: troyed when the leaf dries up and dleS.

The same 1nvest1gator (40) later presented data to
show that the llght from & quartz mercury vapor lamp was ef=
,'fectlve 1n acceleratlng the formatlon of Vitamin A in living
 plant tlssues. These short ultra-violet rays‘from such a
) lamp, used in conjunction'with the.visible rays, did‘not have;

any influence on the ultimate amounts of Vitamin A contained



kin the tissues.  The investigation also showed that the amount

of Vltamln A in etlolated shoots is an inverse funotlon of the
5temperature_at‘which they ‘have been~grown, this having influ-
’enced markedly the rate of growth. |
g Moore (159) corroborated the work of both (260) and
(40); He further~showedkthat rats fed for some months on
etiolated wheat shoots appeared lean and rough-coated When
'compared with similax rats rece1v1ng a liberal diet.

The year after the above evidence had been publlshed
“Moore (160) came out with the opposite idea. He fed etio-
lated Wheat shoots to rats under conditions 1nv0171ng the
minimum of red 11ght 1llum1nat10n consigtent with the feeding '
and handllng of the animals, They were effective as a source

~of Vltamln A thus supporting hlS conclu51on that light 1su

not essentlal durlng any stage of the formation of the Vlta»

‘~~°‘m1n from seed.

Dye, Medlook and Crist (72) observed that leaf let-
tuce exceeded head lettuce in the promotlon of growth in rats
'that had‘ceased to gain on & diet deficient 1n‘Vitamin As The
outSidevgreen leeﬁes of’headylettuce were far superior to the
'insideuYGllow leéyes in furnishing the Vitamin.k‘ | |

k Heller and St. Julian (115) found that Vitamin A was
formed and stored chlefly in that portion of the plant exposed
jto light and that 1t did not mlgrate to other portions of the

’ plant.
k Luce and MacLean (141) stated that Vltamln Ais syn-’

the51zed by the yeast cell and the synthe81s may be brought
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about in the absence of sunlight.

According to Goode (91) the Vitamin A content of white
corn uprouts was 1ncreased by irradiation and the Vitamin was
transferred in part from the sprouts to the grain during the

irradiation of the growing process.
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:Plant Carotin01ds And Vitamin A.

Palmer and Kennedy (174) in 1921 showed that carotin-
k01ds and fat soluble Vltamln are not even quantltatlvely a860=
vcmated in the plant tlssues in which both are presumably syn-
’the51zed. ‘ | | |
| Two years later Coward (38) stated that the chlef
c;p01nt in the formatlon of the Vltamln which was apparent in
'hengexperlments was that,some,llpochrome {generally carotene)
nas‘aIWays associated with the Vitamin in plant tiseues; and
kthat‘wherefcarotene wes.found,cparticulerly,carotene exposed
'ntb’sunlight,ythereithe‘Vitamin may,be‘expected~to‘be present
eiso; | |

k Snnth ‘and Morgan (223) later found that chloroPhyll
| nes not a necessary 1ntermed1ary in situ for the formation of
| carotene, lyc0pene,,or any other possible precursors of Vite
“min A. PFruits which develop carotene and Vitamln A act1v1ty
under normal 11ght condltlons do S0 also under glass and in ,
the dark although usually in slightly smaller amounts., They
:'kéls0'noted that & constant relation ex1sts between the level
of dally intake of aarotene by Vltamln A free rats and thelr
fgrowth per unlt of total carotene ingested. This relatlon

1lluotretes the WLaw of Dlmlnlehlng Returns.“

Norrls‘(169) discovered that the exposure of etiolated 

f'plantS‘to artificial light resulted in the formationkof,chlor-

eophyll and xanthophyll in constant proportlons. Carotene de-

‘fvere@sed at first, but after 4--5 houBs 1ncreased more rapldly

~than the chlorophyll andxanthophyll. With incressing oxygen
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?inkﬁhe atmosphere‘cardtene-developed still more rapidly, but
formatioh*df ¢h10rophyll andxaﬁthophyll reached a makimum with
20% oxygen. The proportion of all pigments increased with
rising carbon dioxide in the atmosphere up to 3-5%, but sub-
: sequently declined.
| Indications were obtained by Macwalter and Drummond
k(149) that the 1ipoohrome content of young flsh may be increas~
ed when they are fed on a diet contalnlng a typlcal green alga.

. Examination of the llpochromes of Fucus Vesiculosus by
Heilbron‘ahd Phipers (111) showed that wheras the dead material
contained beta carotene and zeaxanthine, the livihg plant‘coné
'talned beta carotene and fucoxanthlne° No trace of xanthophylls
.”usually ass001ated with t he higher plants could be found and
~zeaxanthine was probably a post mortem product~of fucoxanthine.

Hellbron, Parry and Phipers (112) found that in the
,unSaponlflable matter from extracts of cladophora, sauterl,
'nluella,opaca, oedogonium and rlodymenia palmata, various sterols
k'equidkbe identified and also the lipochrome pigments, lutein,
taroxanthlne and beta carotene. Alfa carotene was observed

only in oedogonlam,
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LEytractablllty of Qarot1n01ds from Plantso

In 1920 Steenbock and Boutwell (252) cound that when
cerrots were saturated with lard or corn oll and then extract-
kedﬂw1thkether,inone or little of the fat-soluble vitamin was

removed. The lard preparation gave no evidence of containing

the vitamin, but the corn oil preparetion~oontained it 'in small

.but persiétent amounts. They also noted that ether had little
solvent propertles for the fat-soluble v1tam1n as found in car=-
rots, chloroform and carbon dlsulphlde removed some of it;

rwhlle alcohol and benzene removed con51derable amounts of it

'*Whlle the v1tam1n 13 not extracted from: forn by ether, alcohol

firemoved 1t quantltatlvely and with llttle if any, destructlon.
; They give their procedure for fractlonatlng an extract from
alfalfa.

These same tWo 1nvest1gators,(229) later demonstrated
;uthat the fatusoluble vitamin as found 1n the plant klngdom in

a grain,,in leaf and stem tlssue, in fleshy roots and in g

,cucurbltous vegetable Was comparatlvely stable at a hlgh temp-

,erature.
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VITAMIN A IN THE ANIMAL KINGDOM L i

‘Synthe51s of Vltamln A in Fish

In 1922 Jameson, Drummond and Ooward {125) demonstrated
that pure cultures of a common marine diatom grown in Miguels!
‘solution or sterilised sea water syntheslsed large amounts of
Vitamin A. These investigators draw a parallel between the de-
pendence of land enimals on fresh green leaves and that of mar-
ineﬁanimals on the synthetic aotivity of the merine flora for
their supplies of Vitamin A,

Worklng Wlth brown trout, Gowaré and Drummond (36) .

, found that the ova of these trout normally contaln relatively
- large amounte of Vltamln A. If in the post-larval period or |
feven before the yolk sac is completely absorbed, the fish are

~g1ven food rich 1n Vltamln A thelr growth and development are

satlsfactory and they appeer able to store that factor in their

tlssues,

Drummond and leva (63) concluded from thelr work that

;lthe ultlmate orlgln of the Vitanin A found in the oils derived

from flsh and partlcularly fish liver oils, to be chlefly the
vunlcellular marlne plant - Except very occa81onally these org»:

anlsms are not consumed, dlrectly by the fish.

These 1nvest1gators also noted that the extvaordln ary.

rlse in the nugber of marine plants Whlch beglns as soon as the
1nten81ty and duretlon of sunllght increase, early in the year,“
is Iollowed by a repld rise in organisms largely copepods and

;larval decopods and molluscs, whose growth and development are.
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dependent on their food'supply'which~consists of minute plents,
:These minute‘animals; which form a large proportionkof ﬁlahkton
~contain relatlvely large quantltles of Vitamin A presumsbly de-
’rlved from the deatoms on which they have thriven.

| " The plankton forms the‘stapleffood ofkinnumerable

species of merine anikals from small fish to some whales. ©This
‘no doubt'ecpounts for the presencerof Vitamin A in the tissues
or’fat depots of these animals.
4 ; Two years later leva, Drummond and Graham (268) dem-
‘konstrated that the sexual condltlon and age of the cod did not
influence the Vltamln A potency of the liver oil. Bailey (6)

k[later corroborated this work while working with Ling Cod of the

‘\Pa01110 Coast.

Finn (82) in 1931 publlehed data, to show that pilchard
~o11 contalned a substance which promoted the growth of rats
which had falled to grow on a Vltamln A deflclent dlete ,Bleiy
k:and Chalmers (16) Worklng with c¢hicks further demonstrated ‘the
;Vltamln A potency of pllchard oil. | |

Truesdall and Boynton (246) undertook a study of the
'Vltamln A content of body oils of 5 species of Pa01110 Coast
Salmon. They'found,allfﬁ were decidedly inferior to the sample
koffhighqgrade medioinal’cod liver oil with Which_they were
’compered, oThe‘Vitamin;A potency was found to be proportional

fﬁkfhekintenSity szthe natural yellow colour of the 0il.

| Whlle Worklng with hallbut Liver oil, Lavern. Edisbury

 e*and Mbrton (159) obtalned very 1nterest1ng results. No paralle




17.
ismycould‘be traced between thekVitamin,A~and Vitamin b pot;’
encies.‘ In‘ceftain species, the Vitamin A content of the liver
~ 0il was found to‘increeSe With the age and or size of the §ieh,
| the~total Vitamin A’reserve‘increasing mOre repidly than the
oil‘potency. They believe that halibut Liver o0il is by far the
richestfknownonetural source of Vitamin A availzble in quantity.,
It has been fouﬁd, however, that the'oil varieS‘in pOtency o#er
& wider range than any other source. No correletlon has emerged
between the immediate dlet of the halibut and the 011 potency.
Thelr Work:also showed that hallbutkllver oils exhlblt'well-
merked sessonsl fluctuations in Vitamin A concentration which
‘cannot beattri‘bute‘d to chenges in the oil content of the liver
focce51oned by spawnlng. I'he best oils from the Stendpoint of
Vltamln A content are obtalned from large halibut caught in
northern waters 1n tLe late sprlng or - early summer, end in the
autumn.‘ Very rich 0ils at other tlmes of the yeer are except-
ional. | | T
e Working‘alongfsimiier lines Lavern and~Sharpt(140)
found that the diet of the haiibut wss of a general neture,
:w1th no outstandlng rlch source of Vltamln A to account for the
high potency of halibut liver oil. Taklng the glycogen content‘
~;ofcthe liver es a:criterioh of intensity of feedlng, theykfound
~ that notcorrelatioh could»be established~5etWeen intensity of
feedlng and the Vltqmln A potency of the Olle‘ They obtaihed
1’further ev1dence that inm general the livers of oldexr LlSh affe

orded a -more potent 0il than those of younger fish.
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Weekly records were taken of the fat, Vitamin A and'

Vitmmln D contents of the 11vers of hallbute(caught near Seattle)

‘;by Bills, Imboden and Wallenmeyer (18). The oil content ine-
kérbased'slowly from‘Januaryk(lz%) to June, there was then a
sndden~rise to»e‘maximum value (25%) in August,‘followed by a
slow decline during the rest ofkthe year. The Vitamin A content
| (January 240, OOO August 35,000 international units per g.) and
Vitamin D content (January 1, 400 Avgust 900 international unlto

per ge) moved 1nversely w1th the fat content although in the

‘case of- Vltamln A the fluctuation wasg Wlder than 1n the case of_‘

Vitamin D. ; s
| - Bills et.‘al.(lg) oondncted a toxonomic-study of the
tdistribution of the Vitamins A and D in meny spedies'of fish,
‘~They found that%for a givenkSpecies, no relationship could be

k“establlshed between the Vitamin A and D poten01es of the liver

or body 01ls. In general, but with many exceptlons, 1iver 01ls

rlch in the other, and the potency tended to vary 1nversely with

the 011 content of the llver.;
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;The Vltamln A Content of  Animal Products°

In 1917 McCollum, Slmmonds and Steenbock (145) stated
~ that fat free milk, when 1ncluded in a diet consisting other—,
lese,of purlfled food substances,'promoted growth'and preVented
decllne of anlmals in a manner which 1ndlcoted it stlll containe-
| ed the . fat-soluble essential in aptre01able amounts. Thls led
them to- susPect that the factor was appre01ab1y soluble in
water. Ihey demonstrated that when butter fdt was melted and
thoroughly agitated with twenty~succes51ve portions of Water it»
no longer contained the fat-soluble factor.

Continuing along thls line of tnought, Steenbock
Boutwell and Kent (227) found that while the v1tam1n was remov-
‘fed from the washed butter fat the Washlng g dld not contaln it
They were conv1nced that somewhere in the course of the men-
1pulat10ns to which the butter fat had been subgected factors
had been 1ntroduced~whlch were respons;ble for thekvitamin de=
dstruetiono' They then ‘realized that heét alone in the absence of
Water or in the absence of condltlons des1gned to brlng ebout
1nt1mcte contact w1th alr was respons1ble for the vitemin de-
T~stract10n;observed~1n'the_early experiment.s' |

'Hopkins'(lzz) found that the fatésolubie A substance -
kln butter, which dlsplaylng marked resis tance'toeheatialone at
temperatures up to 1290 was readlly destroyed by 51multaneous
aeratlon of the fat, presumably because it is a substance prone
t0~ox1dat10nmby atmospherlc nitrogen.

Working along the szme lines~aS‘Hopkins (122), were
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‘Drnmmond~and‘00ward (61)' They noted that the destructlon of
:the Vltamln present in butter fat occured on heatlng in the
presence ofa,lr° They concluded that the loss Wwas due to chang-
,eS“of an oxidative nature. They aluo noted that the destruct— |
“don took place repldly et hlgh temperatures but prov1ded the
fexposure to alr is extensive, con81derable loss of nutritive ;
value takes place at temperatures as low,as 370 \
' Steenbock, Sell and Buell (233) found that butter fat
showed & seasonalkvariation in'the’fat;solublervitamin content
when obtained from stall fed cows during the w1nter and pastur-
~ted in the summer. The note that the fat- soluble V1tam1n con=
f‘tent of butter fnt does ‘not run closely parmllel to the yellow
Vplgment yet in general, due to determlnatlon by their content
ﬂln th@ feed, butter hlghly plgmented are rich in tbe v1tam1n,
: butter low in plgment should be looked upon w1th susplclon,~
In beef fats the relatzone are somewhat 51m11ar those most
| plgmented are also generally r1chest in thelr fat s80luble vit-
amln content.~ Theee 1nvest1gators demonstrated that the fat-
soluble vitamin withstood severe methods of saponlflcatlon.
"‘Thls'lndloated that 1t was'not a fat and probcbly not an ester.ii
2 7 The 1nact1vat1ng actlon of some fats on Vltamln A 1nf‘
lother fats was studed by Fridericia (85) in 1925. He reported
~that‘rats~d1d not grow on an apparently adequate diet when the
butter fat,yieldingfthe Vitemin A’of the.diet WaS'mixed'(after
imeltlng) with a,brand of hydrogenated whale oil. lhls hydro-

';~genated whale oll, had no toxic aotlon on the gnithé: growth of
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rats‘but‘had~an inactivating action on the Vitamin A of butter
fat wheo the two fats were mixed after melting at & low temp-
_erature., Two hydrogenated vegetable oile(hydrogenereted cocé
koanut oil, and hydrogenated hempaseed 0il) and a non hydrogene
ated vegetable 0il (cocoanut oil ) showed neither any toxic
effect on;the growth'of rats nor any inactivating,action on‘the
Vitamin Afof,butter fat, this ection eccordinglyant being reg-
ularly connected with the process of hydrogenating. Untreated
Akabdomlnal pig fat did not 1nact1vate the Vitamin A of butter fat.
;After belng heated in thin layers to 1oz_to 10596.,f0rw24 hours
on(exposure to air, the same pig fat acquired aﬁ~inactivating

; actlon on the Vltamln A of butter fat when the two fats were

" mlyed after meltlngco lhls inactivating action is supposed to

depend on the generatlon of peroxides in the aerated heated
fat, the Vitamin A of butter fat being destroyed by these per-
oxides through oxldatlon,

o Sgorslen (219) showed that butter fat gave a reaction

- with sulphuric acid but not in such low concentrationS'ae'ood

~_ liver oil and colour indices do not attain so hlgh a’ valuee

'VLard did not give a reaction W1th salphurlo acids A mlxture of
kequal parts butter fat and non-heated lazrd gave a reaction with
':sulphurlc~ao1d. ‘When butter fat was heatedf4khours in the air
its ability for‘ektypioal sulphuric acid reaction disappeared.
o Gillem (88) found that on the average, the ratio of
carotene to xanthophyll in butter is 14 to 1l by weight.

Many investigators have studied the vitamin content of
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) coW‘s milk; 'Kennedy ahd Dutcher (131) noted that. the presence
of Vltamln A 1n cow's milk ie entlrely dependent upon its occ-
e‘urance in the ratlono' Stall fed cows will produce a milk rich
in- v1tam1ns prov1ded their ratlon con31sts of a proper combln—
atlon of grains and leafy foods. Russel et. al.,( 195) found
‘Mthat in Iresh milk the v1tam1n content mey vary as a result of
change in lactatlon period and of verlatlons of provitamin A
and the Vltamln A contept of the ratlon when the assay extendsk
over. a period of months, They show that the percentage cutput
.Tof'vitamin,expresses the relationShip between intake and output
-but does not. take into cons1deratlon the pOSqlblllty that some
of the Vitamin A in the mllk may come from the body stores. The
percentage of the Iactor which appears in. the milk decreasee a8
the amount of it in the ration is increased and that the in-
crease,ln Vltamln A,content of the milk is not proportional to
the increased consumption, In a'comparisoﬁkof*Ayshire and
‘Guernsey butters, Wilbur, Hilton and Hauge (255) founé'that,
although the_Ayshire butter contained 1.8mg’carotio per 100 gr.
of,b‘ufcter‘and the Guernsey 4.'0mg; per 100gr. of butter, they
were identical in Vitamin A aetivity. Hathaway and Davis (105)
Vdemonstrated that the Vitamin A content of mllk is closely ass-
oc1ated with the butterfat content,, Ihey show that skim mllk
or separated mllk contalnlng only a small- quantlty of butterfat
contalns also only a small amount of Vitamin A. They also noted
thet ‘Holstein cream is mare ‘potent in Vltamln A than is Jersey

'creem. A8 the percentage of fat in the Holsteln and Jersey
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milk approach each other the difference in Vitamin A content of
the‘creamkeeparaied from them will disappear. 1In further‘teste
~17Hatheway;and Davis (104)'Showed thet there is little difference

;if‘any;in sour end sweet cream butter. Margarines on the other
hand,are poor s0uroes of Vitamin A.
| ;InveStigating the Vitamin Akcontent of butter,‘Fraps,
‘Copeland and ﬂrelchler (84) demonstrated that cows receiving
feeds Wthh were low in Vltamln A content produced butter low |
in Vitamin A.potency. The Vitamin A content of butter dependst'
both’ upon the Vltamln A potency of the feed and the length of
time the cow has been fed upon it When a cow is on a feed
Vy'supplylng 1nsufflclent quantltles of Vitamin A, the Vltamln A

- 1in the butter fat deereases with the period of tlme the cow has

*,ebeen on the feed or tbe stage of lactation on account of the

'depletlon of the reserve of Vitamin A stored by the cow at the
beglpnlng of 1actatlon,‘ In the cow it requlres approx1mately
‘eleven unlts of Vitamin A to give one unlt of Vitemin A in the
v‘buttero The cow uses Vitamin A much less eff1c1entry than
’epoultry. |
‘According to Mbore‘(lGS)]carotene’when supplied to
?‘cows_undergoes conversion to Vitemin A,
- Gullbert and Hart (96) found that carotene being the
fvpr1n01ple pigment of beef fat, could be w1thdrawn from the  “
.rad;posektlssue durlng Vltamln,A privation w1thout 2 coincident
'féducticn of fat reserve. They showed that the cerotene in the

:fat of cattle constltuted a s1gnlilcant part of the total Vlt-
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amin‘A‘reserVG.
| These same investigators noted that the storage of
‘ Vltamln A in the liver of newborn calves is relatlvely low re-
- gardless of the storage in the dam., k
 The Vitemin A content of the livers of normallm fed
oxen, gulneaplgs, rabbits, rats and dogs was tested blOlOglC—
eally by Slmonnet Busson and Asselin (218) and found to vary
| considerably. The\liver of the ox was the most potent while
that of the guinea~pig was the‘leaet petento“Using a dog, theee
same’investigaiOrs (217)ffedflibera1 daily doses of carotene e
for a month. ylﬁ was then killed and the lungs, liver, kidneys,
brain~and part of the body fat were tested'for‘Vitamin Ae lhey 4
found that only the liver and kldneys contalned Vltamln A and
these in approx1mately equal amounts. Sl |
Ahmad and Malik (5) showed that‘aniMals differ in theii
ablllty to synthe51ze Vltamln A from carotene, as Judged by the
Vltamln A4content of the llver, With the ability of rats to
_eynthe51zekvltamln A rated at 100, chickens give a,rating ofk
kOnly 24,'while'rabbi£e glve a rating'of only 16 andyeats Zero.
 They cenclude that the Vitamin A potency of foeds may vary for
different,ahimals aeCOrding to the reiative‘Pr0portioh of the
Vitamin A and cereteneepresento -
| 'Localisation;ofrvitamin A'in~tissues by a fluoreseent~
:kmlcrOSCOpe was noted by Querner (178) In the cells of the
llver and other organs a fluorescent materlal was present whlch

‘was rdpldlj destroyed by exposure to~ ultra violet light - lhlS
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"Leuchtstoff" was found to corre5p0nd to the amount of Vitamln
A present. | ;
The nutrltlve velue of lard was extensively studied by

MDrummond et. al. (62) in 1920, lhey concluded that the pig
- Was able to store- up supplles of Vitamin A in the body fat when
fed a dlet contalnlng ample supplies of the factorok When the
dlet was deficient in Vltamln A no gppreciable amountc of the
dietary facbor could be found in the body fat0 ‘The process
employed in the manufacture of lard causes & very marked des-
truction of the vitamin present in pig fat.

| Investlgatlng this problem of the: Vltamln A content
of lard further, Mallon and Clark (151) concluded that lard
made from leaves and back fat of hogs whose diet contalned
letamln A, dld not contqln an adequate supply of this vitamin

to prevent,xerophthalmia even when fed in 1arge-amounts,
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, Storage of Vitemin A in the Body.
| The storage of Vltamln A in the body was reported by
‘ Goldblutt and qoames (90) in England and Steenbock Sell and
Nelson (235) in Amerlca in 1923. Both groups of investigators
ycame to the same conclusion that Vltamln A is stored in the
liver and;that it is storedkin rough proportion to the,amount‘
centeinedrin the diet,
| | Gontlnulng this work further, Sherman and Cammack(EO?)
showed that by feeding dlets graded 1n thelr content of Vltamlnl
A “the rlcher the diet in this v1tam1n the greater is the am-
ount stored in the body. lhe attqlnment of the maximum store
of V1tam1n A is a process of gradual accumulatlon which is re-
‘latlvely‘rapld in its earlier stagestand becomes slower as'the
meximum is approached. A rapid‘storage;of the entire maximum.
a@ountris notr‘pOSSible; , , |

| McCoord and Clausen Ql45) demonstrated that when l
;drop of hallbut liver 011 ‘wWas added to the diet of the rat’
,,end'the animal killed 24 -hours later, there was a definite
,~increase~of Vitamin A in the liver and body fat. When 4 drops
were so added,~marked increase(Wae~foundkinja number of other
-orgahs andktiSsues;'perticulerly the adrenals.

Worklng on the problem quantltatlvely laumann. Riising

~and Steenboek (10) found that 95 % of the Vitamin & in the body

'fywas stored in the llver. The remaxnder was located in lung

~and kldney tissue. The mlnlmum dally dose of Vltamln A nece-

'ssery to produce storage in the liver was between 25 and 50

'blue units. When Vitamin A was fed in the form of halibut



| kliver 0il, the amount stored in the liver was found to parallel
the amount admlnlstered but only 10 to 20 % of the Vltamln,

could be:accounued»for, When equal amounts of Vitamin A were
fed to normal and tokVitamin A depleted rats, the liver stor-
age was greatest in the ‘normal enlmals. When equal amounts -
of Vltamln A were fed to anlmals in various stages of deple—

’tlon, the amount stored was 1nversely proportlonal to the

state of depletion. The absorption and storage of Vitamin A

to a large extent takes place within 6 hours after ingestion

' of the V:Lta;mln° |

- The elimination of Vitamin A from the livers of rats

| . was studled by Dav1es and Moore (49) Female rats 18 months

'eold whlch had finished breedlng and had been fed a diet Well

'supplled with Vltamln &, received for 12 Weeks, in addition,

a large amount of a Vltamln A concentrate. The mean Vltamin
k;A concentratlon 1n the liver at the end of thls tlme was

- 18,000 blue unlts per gramcy The surv1v1ng ‘animals then re-
ecelved a diet deficient in Vitemin A and the concéntration ln
athe liver Lell rapldly, belng reduced in 4 weeks to an average

- of 2, 700 blue. unlts per gram; after 12 weeks 1t fell further

B to about 400 units. and was still at that level after 24 Weeks.

kThe rate of depletion of these enormous reserves of Vitamin
‘A Was far more rapid than a rate representlng the rats‘ daily

B requlremento
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;Transmission'of Vitamin A From Parents to Young;

The problem of-Vitamin A transm1381on from the mother
yto the foetus has been exten51vely studied by Dann (44) and
(46) He showed that Vitamin A is normally found in the
liver of the rat and rebbit at birth, but only in small
"amounts Wthh ‘cannot be 1ncreased by glVlng the mother & diet
rich ' in carotene durlng gestat10n¢ ‘The store of Vltamln A
in the liver of the young rat 1ncreases 2 or 3 fold durlng
suckllng, but the increase may-be greater when the lactating
xparent recelves a diet rich in the factor.. There is a limit
to the amount of this increase, due in turn to & l1m1tat10n
of the amount of Vltamln A which can ‘pass into the mllke

WOrklng with chicks, however, Bearse and Miller (13)
| have shown that the hen's diet markedly controls the- amount
of Vitamln A found in baby chicks.

The work of Hale (101) is 1nterest1ng in that he
fproauced 3 litters of pigs born without eyeballs or w1th very
- serious eye defects when the mother had received a diet de-

: flClent in Vltamln A Dbefore matlng and durlng the flrpt 30 ‘

days of gestatlon.
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Conver31on of Carot1n01ds Into Vltamln Ko

\ The transxormatlon of carotene 1nto Vltamin A Was
estudled by Gopper (30) in 1930. He used the absorptlon Epecs

tra of rat liver 01ls.; He found that the band at 325 uu

generally attrlbuted to Vitamln A was absent from the absorp-
tlon SPectra of the liver oils of rats sufxering from Vitamin
Acdeficiency, out Was shown by the 1iVer’oils of similar rats
’Whlch had been subsequently cured by massive doses of carotene.
;fThe 325/ ,P band was absent from the absorptlon spectrum of
jcarotene, therefore, he concluded the substance respon31ble 7
for the exhlbltlon of. thls~band by the llver 01ls of carotene-
‘treated rats, had been synthe81sed in vivo from the carotene,
| Moore (rL61) noted that the conver51on of carotene
1nto Vltamln A took place in the liver, but the efflclency of
the conver31on was by no means quantitative.
’ ihe absorptlon of carotene from the 1ntest1nal tract
‘Was 1nvest1gated by Anmad (3) who observed that 1t may be cone-
81derably affected by the composition of the diete
Studylng the 1somers of carotene Karrer, Euler and |
~ Eellstrom (128) showed that the blue values given by alphe
| and beta isomerides in the'Sb,Ols reaction were identical,
Rat growth tests for Vitamin A activity however, demonstreted
‘that the beta is more active than the alpha isomeride.
| The curatlve effects of 5 to 10y of pure carotene
'on rats suffering from Ssymp toms of Vitamin A deflclency was

- definitely established by Glanzmann (89). He found that the
blood platelets of the rats fall in numbers rapidly when
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'dlets deflclent in Vltamln A are given, and rise rapidly when

carotene 1s Supplled.

The Vltamln A act1v1ty of palm 01ls was found to be

“in accord with thelr carotene content by Ahmad (4). After

hydrogenatlon,vhowever, allfthe~activity Was lost.
Rea and Drummond (180) investigated the formatlon of'

Vltamln A from carotene in ‘the anlmal organism. In the ineu=

;batlon of the liver of rats and cats w1th golutions of caros

tene, they falled to demonstrate the formatlon of Vltamln Ao

The 1ntravenous 1ngect10n of c01101da1 suspen51ons of carotene

;1nto ‘the 11vers cf cats which had recelved a'Vltamln A defi-

cient diet, produced no detectable increase in the Vitamin A

:content of the llvers as shown by spectrographic examlnatlon
‘:ofkthe nonusaponlf;able fractlonsfbeforekinjection, and 4 to

72 hours after injection.

Gonversion of carotene into Vitamin A in the animal

',,boéy was studled by Skarzynskl (220) He ma.de sPectr0500plc‘

‘and- colorlmetrlc examlnatlons of extracts from the caecum,
"'spleen, llver and'serum of young rats Wthh?had~develcped
- xerophthalmia on & Vitamin A defioient diet and which had

i diedfor been curedeith:Carotene (4 mg. in 36 days). In-

the extracts frcm the deflclent group Whlch had dled, no -

étrace of V1tam1n A.or carotene could be detectede In the
,group Whlch recelved carotene, Vltamln A was found in the ‘
_511ver and serum, and carotene in the caecum and probably 1n

. _the llver, the spleen contalned nelther. The: author‘sug~
. gests that transformatlon of cearotene does not take place in



the gut as supposed by Ahmad (4), but in the liver from which
if.?asses into the tlood. | |

The Vltamln A content of rat liver after feediing
‘elpha, beta and gamma carotene was reported by Brockmann and
‘Tecklenburg (22) They examlned the unsaponlflable fraction of
the llver 011 with Sb015 and found that beta carotene produced
2 or 3 tlmes as much Vitamin A as the other two. ,

Moore (164) reported in 1933 that cerotene is utllisedf~
in the body as efflclently as preformed Vitamin A at levels
‘approachlng thefmlnlmum dose.

; ~Using a SPectrophotometer method Drummond and
MacWalter (68) observed that after 1nJect1ng carotene 1nto the
portal circulatlon of rabblts no- 1ncrease in the Vitamin A in
the llver takes place until elght days after the experlmente
kThey suggest the p0551b111ty that formation of the v1tam1n
- occurred Wlthln nuch shorter perlods but elther it was utile
ftlsed andiconverted into anotherfsubstance or that thie amounts
'yWere,too emallfto be detected by their technique.

The fats of carotene introduced into the circulation
'was 1nvest1gated by Brummond Gilding and MacWalter (69). These
1nvest1gators 1n3ected 1ntravenously into anaesthetlsed cats a

collolcal suspen51on of oarotene in isotonic glucose solutlon.‘

 ,Blood samples were taken in the ensuing 15 minutes and after

~death, the remalnlng blood and organs were examined for carotene

",‘No carotene was found in any of ‘the blood samples and, of the

": organs, only in the lungs,,llver and spleen. In the lungs the
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carotene appeared to ‘be trapped rn the caplllarles. The
greater part was absorbed selectlvely by the liver end was
~ch1e£ly 1ocatedk1n_the Kupffer cells.,
g k‘ Working With rats, DrummOnd end MadWélter (70) re-
:kported that Vltamln A and carotene were evenly dlotrlbuted
’kthrough the three lobes of the anlmals liver,
Pure crystalllne xanthophyll was shown not to be 1d~

entloal w1th Vltamin A.by Wlllimott and Moore (257) in 192’7° E
A few years later Kuhn, et al. {134) showed that the xentho-/”
’rphylls, luteln, zeaxanthln and Vlolaxanthln were negative as
k we11 as azafrin methylester, dlhydrocrocetln dlmethylester and
’ chlorophyll° : |
’ Gertaln mlcroorganlsms were found by Bapmann, Steen-
bybook and Ingraham (97 to synthes1ze carotene, Whenever an
organism showea Vltamln A activity as determlned by reedlng
’experlmente, enough carotene was found to be present to acc-
ount for~that act1v1tye 1he Vitamln A activity of mlorOOrganq
isms dld not appear to be affected by the presence of yellow
anléments other than carotens. rhey concluded that since
‘ﬁSpectrogrephlc determlnatlon falled to reveal any absorption
‘band at 328 e it is exceedlngly 1mprobable that Vitamin &
“as such is generally present in bacterlae Attempts, however.
‘,to effect the transformatlon of carotene 1nto Vitamin A by

mlcroorganlsms failed. -
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VITAMIN A THERAPY

“'ln;001ds ‘
| | It is generally reeognlzed that a lack or deflclency‘of
, Vltamin A 1n the Retlon results in the greater susoeptlbility
’of anlmals a8 Well as man to varlous Besplratory 1nfeetlons.
‘In V1ew of the wide prevalence of simple colds in man, eon=
31derable empha51s has been 1a1d on the inclusion of optlmum ;
s amounts of Vitamln A in the diet. As 8 matter of faet, direct
evidenoe that Vitamln A plays the role of an antinlnfectlve'
‘agent ‘as has been oommonly aceepted 1is lacking, |

In this conneotlon it is 1nteresting to ‘note Gameron’ s

" eak (27) (28) and (29), on Vitamin A Therapy in colds. “In an

'lr experiment (27) conducted at the Unlversity of West Virginia,

’~he used five groups of women students. The members of one group
took a tablespoonful of cod liver oil dally from November to
”ilMarch 1952-55 and the other groups an equlvalent dose of a
,_Vitamin A conoentrate an inert tablet, a cod llver oil res1due
in tablet form, and no medlcatlon. Records were made twice g
week during the experimental perlod on the presence and |
~,durat10n of colds. At the end of the experiment it was found
Fthat the number of days with colds reported from the group
taklng no medication was con31derab1y hlgher than from any ‘of
;the~other groups., The Vitamin A concentrate and the eod liver
l,/01l residue tablets appeared to. glve slightly better results

'thhan the cod 11ver oll.
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- The following is a quotation from the result of the

‘above experlment

'i "No conclusion is as yet justlfied from these results,
lhut‘the,volunteers partlcipatlng_ln the experiment were
ﬁnanimOusfin‘reporfing'subjective improvement from cod'liver,
"0il and its odncéntrates. This improvement took the form of
'V‘incréased appetife,«weight,for‘endurance; or rélief from skin

keruptiOns'or from sinus trouble a8 well as in reduction’in

lnumber and,durétion of colds, These changes can probably be
\'attributed to the improved nutfltion resulting from an
"‘abundance of.Vitamin A, and this improved nntrition is worth
whilé‘in itsélf~whatever final conclusions‘are?reached‘with
. reference %0 Vitamln A Therapy against common colds",

In his second exyerlment (28) the effect of inoreasing’

f;_the Vltamln A 1ntake of men and women students, elther by

‘1ncreasing the amount of foods rich in Vitamln A, of by direet‘
lfdoslng with qod 11ver oil, haliver 011, cod liver o;l tablets
or carotene solution,kwés Studied in regard to the number and

'éeverify of édldé‘during a period of two years, The control |
"groups recelved no medloation or a lactose su.pplement°

'Statistlcal examinatlon of the results 1nd1cated that increase

in the Vitamin A intake did not decrease the number of colds,

'“btt didftend to legsen the durafion and severity of the

‘infeetidn,z Apﬁioximately,fifty;pércgnt of‘the‘subjeets'of the
;L”ﬁest‘reported_imprQVQment'in powers of enduiahce; in;appetite

and in decrease of skin eruptions, He concludes, however,
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"’fhat Yitamin~A Therapy~should hot be considefedfas;a’spécific
against colds. B | ‘ ‘
~From his third 1nvest1gat10n (29) he gave the follow-
1£g conclusion.  " e |
"Whether the effect of Vltamin A upon colds, therefore,
; rests upon its ablllty to maintaln intact a barrier of healthy |
kmucous membrane to0 act as a loeal defense agalnst 1nva81on by
‘virus or. bacteria, or whether its effect 1s due also to its
11nf1uence on circulation and nervous mechanlsms which
weather and dietary imbalance undoubtedly play a: part it has
been shown to. be a factor in the duratlon of colds in adults

- and Wcrth,a»trlal_ln all'suscepklble individuals,”

In the Dressing of Wounds -
’: 'The!looél use7§f‘Yitamin A in the treatment'gf;WOunds
 ; hasybéen Qbséryed;bY;méﬁytwofkers;‘,Horn and!Sandor (1251
~obséiﬁed thaﬁd@essings,ofga conoentrate of Vitamin A,'
§pntaining two thousaﬁd in%ernafional‘uni$s in‘l ml, of an
oily medium;7influenced favorably the healing of flesh wounds
and of infected tiSSues;"ZbLtan,(269) obtained good results
'ﬁhén puruientkwounds Were,treated'with an,ointment containing
cod liver oii;kcaiotane~an&;i:radiated‘ergosterol. .Direct
ap?liéat;on(of crude ood«liver'oil'was founa,bykstee1’(225)
'to;ngmbsthupdessfu; in,the treatment of;éevere burns and
‘ “ulcers,f The‘uée of the:éoaaliVer 0il pfeveﬁted'the:formation‘

  0f3Searftiésne:ana,pigmentation‘following‘healing,
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Drigalski (55) made wounds of a measured gize with
‘ SClSSOrS in the skln of guinea pigs and dressed them with a
cod liver oil ointment "Norguentolan", or with the same
k:ointment through which air had been bubbled at 1200 g, for
 th1rty~s1x hours.~‘Biologloal tests on rats showed”the,
‘;qegfructign\of~VitaminA by this prq¢edﬁre to be complete,
 ;Héaling~was coﬁSidered,to be more favorable and more rapid in
‘woun&s treated with unoxidized "Unguentolan", whether on the
same or on dlfferent animals, even when the wounds were
experlmentally_lnfected with stophylococei or streptococci,
»Shbrtly after the aboveVOEServatigﬁs hed been made "Strauss
' 7(259).reportedlthatgdver one hundred twenty cases of wbunds,
’ vbg¢ns,'efc., were satisfaetorily treated with "ﬂnguentolan"e
"ﬁe statedqthat‘paiﬁ Was reduced since the wOund,seldom needed
~redreSSing and drains were'unnecessary. lUsing thié same
ointment "Unguentolan" ‘Dreyfus (53) observed. that is applic-
‘ygﬁion %o burns,ofythe secondfand,thirdfdegrees resulted in
'"rapid'andvoomplete healing,-~$imilar'results were obtained
‘ZHin,ﬁurulent;an& gangrénous*ulcers,_butflittie improvement
- was thaiped:in érythrodermia;ichthypSiforma. He suggests
:  thaﬁ,th@_healing;might be due tbfVitamin;A‘orUD. or the
};?haéphorusior‘Iodine‘cdntent, orAthe pfbtectiVe effeets‘of
7the preparatlon or a combinatlon of these faetorse : »
An exten81ve study of the effect of 01ntments contain-

ing Vitamins on the healing of wounds was conducted by Lauber
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and,Recholl (135), Surface wounds on white mice were ‘breated
Zwith various 01ntments containing Vitamlns "H", "B"  "0" "A“f
,"D" and with control ointments without Vitaming, The wounds
treated with vogan (Vitamln A) in a base containing Cholesterol
healed best vogan in a vasellne—lanollne base was considerably
yyless effeotive, and in large doses even . tended to inhibit
‘healing. Vltamin "H" had some beneficial effect and Vitamiﬁ
"B", very 1ittle, ﬁhile’Vitamins "C" and "D" appeared to
khiﬁdef fhe healiﬁg process.‘ Drigalskl (56) disagreed with the
vabove results and etated that they would g0 no further than |
the authors - own findings.

The effeot of Vltamlns on the growth of tissues and

'\~-transplanted tumors was studied by Gordonoff and Ludwig (92).

They noted that the growth of flbroblasts from embryo chlcken
* heart, or 6f small transplants~of mouse tumors, was very much =
‘/iess%in plasma from ratS'which had,been kept on diets o
deflcient in Vitamin A, than in plasma from rats which had
'recelved large doses of vogan. The growth;of,normal and path-
_ologloal tlssues seemed also to. be inhibited in plasma‘from~
; rats deprived of the Vitamln "BY. oomplex, but not 1n plasme ;
‘from rats reoe1v1ng doses of yeast There was no dlfferencek
r)1n plasma from rats on MoCollum g rachltogeaio diet 5145
whether the animals received Vitamln D" or not. The'presencej
,Qf.Vitamin’“O"~seemed to have an inhiEiﬁiné effect, as shown

v,by Gultﬁresfiﬁ plasma from'georbutic and'normalbguineaepigs,’
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The work of Turner and Loew (249), shows that carotene
is protectlve agalnst baeterlal invasion of the upper regpirat-
'ory tract and the development of the pathologic systemlc
| eondltlons acoompanying Vitamin A deficiency in rats, Carotene
therapy reduces the number of spontaneous supperatlve lesions
Jdn the upper resplratory tract oocuring in anlmals deprived
of Vltamln A Xerophthalmla is cured in one hundred percent
"and normal health regalned in seveaty~four percent The

percentage 1ncidence of baoterla in the nasal oa71tles and

r,kmlddle ear in animals fed aotlve carotene is notleeably less

"than that encountered in anlmals given faded carotene or tbat
'yln anlmals rece1v1ng no source of Vitamin A In aaother
\1nvestlgation (247), they noted that the withdrawl of Vitamin
’\A from the monkey does not develop a oharaeterlstlc susceptsy'
ibility toward 1nfect10n of the upper respiratory tract ~They
‘also observed while working W1th rats (248),;that,thevage of
thetanimal, the previoas storage oijitaminrA, the seagon,
’had_no markedreffect on . the baeterial flora, |
In- rev1ew1ng the researohes on the value of cod llver
:oil plastus in the heallng of burns and wounds, Gortzen (03),
‘ points out that codrliver 011 does not 1nhibit-the growth of
bacteria infoultures; He claims'its\healing effect cannot,
therefore, be eXplaihed~by any bactericidol~aoti0n on infeeted
ftissﬁe. Hayaski (107) suggests that it 1s the 11p01d content
%710f cod liver oil that has the benef1c1al effect on infected
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;WoundS«and'not Vitamins AT ang "D,

kAntagonlsm Between Vltamlns "A" and "C" end Vitamin "A" and

Thyroxln
= Wendt and Schroeder (253) sbudied the antagonism

| between Vltamlns "AY and "C", When guinea pigs were glven
large simultaneous, dally doses of Vitamin "4" (1.5 ml, vogan)
and Vltamln "o (60 ng. Cebaln Merck), they showed no signs
'fof'hypervitaﬁiﬁosis WA"' If only 0,25 to 0.5 ml. daily of
‘vogan was given together with 10 mg,. Cebain Merck, there was
~not even reﬁardation of growth.~ The Vitamin A content of the
livers of the guinea pigs recelving both Vitamlns Was lower
than that of others hav1ng Vltamin "A" only, ‘but the Vitamin
k "G" content of the organs was not affected by the presence or
kabsence of Vltamln "AM, | k
While studylng the problem of hyperthyr01dlsm,

' Schneider and Windmann (801) noted that when rats were fully
'depleted of Vltamln AT oral admlnlstratlon of carotene for

kten &ays did not cause depos1t10n of Vitamln WA" in their livers,

' although admlnlstratlon of the Vitamln 1tself caused storage

in large amounts. thenethe,llvers were depleted of glycogen
by injecting the animals;with>the thyrctropic:principle of ‘the
| ,pituitaryfjfailﬁre,of &epositioﬁ of Vitamin A" after
e?dministratiOn,oncareﬁehe also occured. Thisffailure is
;attributedfto,an increesed demand for Vltaminf"A"fra%herbthan

H"ﬁcyinability-of'the liver vo:convert'caroﬁene:into the
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Vltamin. They suggest that the metabolism of glycogen is closely
bound up with that of Vitamin "A"
~ Wendt. (254) obseryed that an excess of thyrox1ne
increases the rate at whlch Vitamin “A" is metabolised In
ehypothyroidlsm the oapaclty to convert carotene to Vltamin nan
and to store carotene and. Vitamin "A" in the liver are reduced.
” Further studies by Sherwood and Luchner (216) dealt

with the hlstologlcal effect of cod liver 011 on the thyroid
gland.‘ They found that exce881ve daily doses of carotene,
k“hallver" 011 or cod liver 011 over a perlod of several weeks,
"resulted in a depletlon of the oolloid and an 1ncrease in the
~,he1ght of the epltheliol oells in the thyroiad glands of young
‘albino,rats.} Carotene and "haliver" oil produeed in addltion
& marked 1ncrease in stroma. Admlnlstratlon of potassium
1od1de, in amount approx1mately equivalent to the 1od1ne in
‘kQ.Z m1,~dailyuof cod liver 011~ had no effect up to the
_eighteenth day, There was then an increase in colloid and the
naclni were distended with extremely low epltheluim. They
nconcluded that the iodine of cod llver 0il was less aVallable
for metabolie activity than that of potass1um iodide, p0851bly
belng 1ost by excretion of the 011, and that ~such changes in
the gland,ae were‘prodnced by cod llver 0il were due to
eYitamin;"Aﬁ,;rather than to iodine;

| "ine‘work;of[Abelin (1) noted that the ingestion of a

! Yitaminf5AW}preparationnby rats, diminished the rise in basal
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metabolism;resulting from %hyreid administfation. The,acfion
of‘exeess ofvdbees of thyroid in 1owering fhe growth rate was
also partially oounteracted by administration of Vitamin mAm,

. whlch was shown to increase the glycogen content of muscles,
He suggests that Thyroxine and Vitamin "A" are antagonistlc
',beoause of their opposite influence on llpoid and carbohydrate
’emetabollst ' |

| In splte of the Well recognized importance of Vitamlns’
in nutritlon, rractically no work has been done on the |
‘7assoolat1ve actlon of the varlous Vitamins. Whlle in the casea

of ponltry and. other domestlc anlmals ‘the minimum and ,

‘-'optimumfamounts have;been fairly accurately determined no

1nformat10n is available as to the most satlsfactory combin«
‘atlon of any two or more Vltamlns to promote normal growth

'health and reproductlon.
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BIOLOGICAL ASSAY OF VITAMIN 4 USING
THE RAT AS THE TEST ANIMAL.,u '

- Feeding, 1echn1que.
| ‘The technique usedein carrying out the\Vitamih‘A ;
aséeys is described in great deteil by the-United‘States
PharmaCOpoeia (see‘appendix 1). These recommendations have
~arlsen as the result of very careful work conducted during the
“past decade by several 1nvest1gators of Whom Coward of Great
‘ Brltaln has been the 1eadlng 1nvest1gat0r° :
2 In 1920 Drummond and Coward (59) stated that in test-
1ng foodstuffs for the presence of the fat- solubile v1tam1n the
Vgreatest care: should be devoted to eneurlng that the basal
~d1etary is rendered as free from that v1tam1n as possﬂ)leo
:‘They glve detalls fo“ the preparatlon of a hlghly purified
fatlong They conclude that the failure to work with a suffa\
iciently pureldietfmayklead tofconflicﬁing’and misleading
results? . a S |
g Steenbock,aNélSoh;andzBla@km(256) noted that the ab-
kdeence‘of growth on suitably oonsfituted rations cannot be
; taken as an 1nd1cat10n of the absence of Vltamln A unless the
antlrachltlc factor is supplled. , , T
Steenbock and Coward (257) advocated the use of the
'jlnoldence of ophthalmla as @ sign of exhaustlon of the anlmalsf
store of Vltam1n A in preference to cessatlon of growth, The

‘two are often 51multaneous, but the use of the former crlterlon‘

, -prevents loss of animals through the very sudden and rapid de=-

"cllne that may ensue wh1le waiting to become certaln that growth
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has really ceased. 'Growth ceases during the worst stages of
ophthalmia and is,only'resumed Whenkdefinite improvement in the
animals' condition is observable.

k VIﬁ the biological assay’for Vitamin A aGGOrding‘to
Javillier’andyﬁmerique (1?6) it is neceseary‘td observe cert-
ain precautlons with regard to: an adequate supply of Vitamin
f D in the diet of the eXperlmental anlmals, 2. The perlod of the
‘test pr0per which should begin only after there has been a loss

in weight of~lOA, 3. The large number of animsls (10, 20 30)
-to be used in the tests of each dose, 4., The 51m11ar sex of all
anlmals compared 5 The manner of admlnlstratlon of the subu
~ sBtance tested The Javillier unit of Vltamln A is defined as
kd"the quallty of the v1tam1n Wthh, when added to the minimal
’dose of malntenance {per 100g. of rat’s body welght under the
spe01fled condltlons) Wlll 1nduce a growtaresgonse lasting at
yleust 30 days, -the angle of growth belng 30 and the gain in
 weight sbout 30%."
Sherman and Batchelder (208) clalm on statlstlcal
egroundc that'w1th levels of Vltamln A feedlng which induce a
galnyln weight of.about 3 grams a Week,;a;decrease of about
| 25%'or‘ah increaSe of 33% in the ﬁalue of the daily intake of
Vitamin A can undoubtedly be measured by thls method.
Accordlng to Honeywell, Dutcher ‘and Ely (121) the

rreeponse to admlnlstratlon of Vitamin A of rats depleted of

‘ﬁthls factor is 1nfluenced by the type of yeast used in the
’\j»dlet. ths‘lnfluence is thought~to be a function of the

"Vitamin,B,complex; The authofe'suggest that Vitamin A"



e

con81sts of two factors,'one p0858581ng anti-xerophthalmlo

‘~,‘propert1es, concerned in malntalnlng the normality of the

- _cornea and other epithelial tissues, and another with a purely
kgrowth—promotlng funotlon. : |
Nelson, Walker and Jones (167) noted that when single’
doseskof,materiel containing ’Vitamin A were given to rats de-
k~prived‘of the factor, the growth response end subsequent dur-
"k'{aﬁion~ofolife of the animal were directlycproportional to the
‘amount of Vitamin A given. /
The investigators Polak and Stokvis (175) found that
‘dally doses. of 0. 5 to 1.0 ‘gamma of carotene were sufficient to
 prevent and cure xerophthalmia in rats on a diet deflclent in
LV1tam1n A, | ’
| Worklng along similer lines too(175) were Baumann,
lelSlng and Steenbock (11). 4 solutlon~of carotene 1nrcotton-
_iseed 011 1n Whlch no deterloratlon could be detected spectro-
_scoplcally throughout the experiment, was administered for 8
‘weeks to rats on diets deficient in Vitamin A. A weekly dosage
'oz S to 5»gamma of carotene did not cure or prevent xerophthal~
4k~mlw but 10 gamma dld so and also promoted moderate growth
k‘amounts larger than 20 gamma weekly did not enhance growth°
 They found 1t 1mp0881b18‘t0 maintain rats at a growth;rate of
r-5~grams per'week and also emphasise the danger of u51ng a
'ustandard of anlmal response rather than the international stan- ‘
fdard substance for reference. ,
Goward arid Key (42) found that the meen weight in-.

~crease‘of groups of rats cheiVihg’? mg. pf cod‘Liver 0il
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weekly, after depletlon of Vltamin A, was the same whether 1.
’mg. was admlnlstered daily, or 4 mg, on Thursdey and 3 mg, pn
‘ Nonday.e ‘The hlgh degree of statistical probablllty that the
result is valid is worked . out.

o The determlnatlon of Vitamin A values by a method of
51ngle feedlngs was reported by Sherman and Todhunter (209)
When male or female rats, depleted of Vitamin A received single
‘large doses of 28 56 or 112 gama, of carotene, the weight in-
,crease and surv1val time were pronortlonal to the dose for each
sex. The value best expressing this relationship was obtalned
by plotting weight increase and.subsequent decline against the
‘time in days and estlmatlng the area, bounded on the upper side
by thls curve and on the lower side by a base llne drawn para=-
Ae;llel to the absclssae through the p01nt representlng the av- -
erage welght loss of a group of untreated contrels, at the end‘
of the flrst week from beginning of dosage. Thls method is -

i

:speclally>recommendednyr perishable,or,unstable materialee
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‘Results cf Vitamin A DeficienCJ in Rats. -

In studylng av1tam1nos1s A of rate, McCollum, Simmonds
and Becher (144) found that the feedlng of exce581ve amounts
: bf any omne element or ion d1d not induce ophthalmia,

,‘ The hlstoleglcal dhanges are very well described by
cTyson and Smith (250) who say "The characteristic hlsteloglcal
changes found in rats fed a dlet lacklng Vitamin A are the
substltutlon of stratified heratinizing epithelium for normal
‘epithelium in various parts of the resp1ratory tract, allment~

”kary tract, eyes, paraocular glands and the genlto urlnary tract /"
| Replacement of the normal eplthellum of the body organs .
ew1th keratlnlzed cells was observed in mice maintained on Vit-
f'amln A free diet byeWblfe and Salter (265)yf'Xer0phthalmia dev-
eloped in froml25~to*120edays,although metaplaeticlchanges in
‘the respiratory tractkWererfOundfpreviously to this.
| | Sure and Smith (242) noted that Vitamin A def1c1ency in
erats d1d not alter: the true blood sugar, the alkaline reserve
Nof the blood or the glycogen content of the liver. The reducing
nonaeugars, however’were,frequently in0reased, thus raising the
:apparent blOdescgars. : | |
Ly Pathologln changes in the tlssues during early stages of
Vltamln A def1c1ency were 1nvest1gated by Thatcher and Sure(244)
lThelr results showed metaplas1a in the posterior portion of the
ltongue, ‘in the sallvary glands, and 1n the reeplratory and
kurlnary tracts 1n the magorlty of cases of early Vitamin A def-
Eilclency, although 1n many 1nd1v1duals there were as yet no ex=

ternal ‘symptoms such as cessation of growth,‘pers1stence of the»
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ce?nifiedfcell stage of the oestrousycycle or incipient ophthe
almia° |
" ' The effect of Vitamin A on metabodbism was recorded by
Chevalller ‘and Baert (33)+« Young rats with typlcal signs of
f’ Vitanmin A;depletlon showed a,basal‘metabolic'rate 13 per cent
L higher than that of similar'normal rats. RatS’receiving dailj'
,2OOOHU.S.P; units of Vitamin A and a gulneaplg rece1V1ng dally
~,‘lO OOO such unlts, showed a rate lowered by 10 to 15 percent°
Accordlng to Malmberg (152) iﬂcrease in weight and in

tall length slakens s1multaneously in young rats in process of
depletlon of Vltamln A,

 From Tornblom's (245) experiments no significant~diff=
erence could be detected in the oxygen consumptlon of rats dev-
eloping Well marked symptoms of dexlclency, on a diet deprived
1of Vitamin 4, and rats malntalned in health on the same diet, by
fthe dally addltlon of lO gamma of carotenee :

Hematopo¢1etlc functlon in deflclency diseases was ine

'e'vestlgaied by Sure, et. al. (241) From thelr work they Con=

.cluded that after Vitamin A deflclenyy has - progressed to t he
)yophthalmlc stage 1nan1t10n compllcates the blood plcture, S0
‘that the hlgh flgures of hemoglobln ard erythrocytes may be san
expre851on of anhydremla, indicated by the Canentratlon of
;total blood SOlldS of the pathologlcal animals as oompared
leth normal anlmals of the same age and Welght, ‘In the pre-
‘ophthalmlc stage they found a suggestlon of an anemia charact-

\'erlzed by reduction in either hemoglobin or erythroytes. No
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‘connectlon could e establlshed between ah1tam1nos1s and pern-
'ylclous anemia.
| Batchelder (7) found that urinary caleuli were present
kin ratsg- rece1v1ng small quantltles of Vitanun A but were mnot

present in rats rece1v1ng no Vitamin A. He also noted that the

general breakdown resultlng 1n~death though accompanied by 81mp -

_1lar symptoms, was postponed to succe551vely later stages as the'
Vitamin A contentAwas increased. - ; ‘
Sutton, Sutterfield and Krauss (243) demonstrated‘that
' nerve~degeneration occurred'about the same time as ophthalmia
and became extensive before external @ymptoms of paraly81s
appear. Worklng with a polar1z1ng microscope on formallngflxed
"frozen perlpheral tissues, they showed that after extornal Sympe
toms of paraly51s ‘appear, adequate amounts of Vltamln A do not
relleve them but nerve degeneration is arrested. ; v
fhe data published by Evans (80), demonstrated that ine-
‘adequate V1tan1n A injures the femdle reproductlve system 80
that fertlllzatlon and 1mplantat10n often fall. In this respect‘
it dlffers radically from the reproductlve 1mpalrment due to
' low Vltamln B content where, typ1cally the. eggs are always
healthy and 1mplantat10n takes place but resorption follows.
| A study of the effects on the male genltal organs was
carrled out by Sampson and Korenchevsky (196). They observed
ljkthat in most rats on a Vltamln A deflclent diet the weights of
the testes and especially of the penls and of the prostate with

semlnal veslcles were greater than those of rats kept on a
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paired complete diet. The testes of rats on the deficient diet
were oedematous. <The decreased food intake produéed no note
iceable effect on the penis, decreased the weight of the prose

tate with seminal vesicles and in some cases slightly increased

the weight of the testes.
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A381miiat10n of Vltamln A in the Presence of Mlneral 011.~

Rowntree (191) in 1931 undertook a study of the effect
’of the use of mlneral oil upon the absorptlon of Vltamln As
'When rats prev1ouely deprived of Vitamin A were given small
kdoses of cod llver 011 ouff1c1ent only to allow of slow growth
d,tPe addltlon of mineral 011 to the dlet in umounts equivalent
to. the human therapeutlc dose cause the anlmals to lose welght
'and dle, When, however, the dose of cod was an adequate one, ¢
the 1ngest10n of the mineral 011 did not appear to 1ntexfere
with the absorptlon or utlllzatlon of the v1tam1n.

The asolmllwtlon of carotene and Vlt&Mln A in the pres=
'ence of mlneral oil was studled by Dutcher et. al . 71) in 19641'
bﬁRatS depleted of Vltamln A recovered When rece1v1ng AO g 0F
battéer daily,’ but*not when they also received 100 ng. of min-

‘ eral 011 Wlth or w1thout hydroqulnone."A comparable result

;5 ; was obtalned Wlth carotene but the adverse effect was overcome

olf the corotene was considerably 1ncreaeed relutlve to the

“gﬂf;mlneral oil, Mlneral oil exer01sed scarecly any unfavorable

”71 effect when admlnlstered with cod liver 0il or a Vitamin A con-

centrate. When carotene was fed w;th mineral oil, it could be
recovered fromjthekfaeces in an amdunt proportionalyto that fed,
,1nd10at1ng that the actlon of the il was to inhibit the absorp-f
tioen of carotene from the gut. | |

| - The 1nfluence of V1tam1n A on fat metabdllsm was first
ylnvestlgated by Drummond (58) 1n 1919o He found that rats were
5cable to absorb large amounts of fatty aclds, and presumably

Synthe31se these 1nto fats, in the absence of Vltamln A in the



50.
‘dietQ Several‘years later, Green (95) Worked along 51m11ar z
flines‘k From his work no evidence was ohtalned that a dlet
'ivery rlch in fat acceler tes the utllxzatlon of Vltamln A 1nk‘
‘the body. The dlmlnuatlon in the total crude fat of the whole
bodj is not s1gn1flcqntly dlffexent 1n the Vltamln A defICIGnt
rat from that 1n the rat on é.complete diet whose food intake
*isxrestricted-to that of the deficient animel. A rige in the
iodine value of the fattyeaCids’ofkthe~liver,ccoincident with
; apfall'inrthe percehtage amount of fat in the liver, occurs in 
the end stages of Vltamln A deflclenCJ. The rlse is of a 51mp
1lar loss of llver fat has been produced by a restrlctlon of
food 1ntake or by 1nfect10n.
o Worklng on the esterase content of the bloodmserum Green
(94) reportea that Vltamln A deflclency in the wat: produced a
large and progreSblve oecreaee of thls enzyme Relatlvely large
amounue of cod liver 011 1n the" dlet however,hproduce a rise

in the serum esterase content Well above normal.
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“Influence of Vitamin AVOn,Fat,Metabolism.

k fmhe'toxicieffects due to 1arge‘doses’0f Vitamin A was
studied by Drigalski (54) in 1933. He noted that rats given
’bremd, oate and water together with 20,000 or 40,000 rat units
of Vitamin A delly~1n the form of a concentrated commer01al
preparatlon dled in 5 to 19 days with loes of weight and the
development of con3unct1v1tis and hembrragic rhinitis. Control
rats, given the same concehtrate"after the destruction of the
Vltamln A by ultra violet irradiation, remained in normal health.

| Invthe same year Domagk and‘Dobeneck (52) made a detalled |
'hlStOlOglCal examination of rats of 80 gram Welgbt Whlch had
received 100, OOO "unlts" of Vitamin A in lc.c. of sesame oil
tdally for a week. Kupffer’s star cells of the llver, the pulp
cells of the spleen,,endothellal cells in the, kldney and eplthue
ellal cells of the stomach were fllled w1th fat s 88 compared with
7 those of controls, rece1v1ng sesame 0il only., lhe cells of the
gastrlc eplthellum showed abnormally rapld multiplica tion.

A year 1ate1 Dav1es and Moore (48) fed massive doses of a
Vltam1n A dlstlllate to young retso They observed that thelr'
doses proved tox1c, caa51ng emac1at10n, haemorrhaglc rhlnltls,
loss of hair: round the mouth and in one rat groes lung le51ons.
Thelr attempts to 1nduce hyoerv1tam1noels A by feedlng carotene
k'falled on account of its limited solublllty in fats.
| | Lewis and Ret1 (136) SbUdled the effects. of lorge doses
= of carotene When fed to ratso “IThey noted that when young rats
“,were: given large amounte of a Vitamln A concentrate (vogan)

they decllned in weight, and- dled within 10-14 dayis, with ther
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usual symptoms of hypervitaminosis A (emaciation, conjunctivitis
skin lesions on the face and paresis of the hind legs). When
they fed 40 mg. of pure carotene dissolved in an innocuous o0il
there were no ill effects.

Practically no work has been reported on the toxic effects
if any, of Vitamin A in domestic animals. The'majoritquf in-
vestigations to date have been concerned with détermining the

minimum and optimum requirements of domestic animals for Vitamin

A,
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CHEMICAL AND PHVSICAL PROPERTIES OF VITAMIN A.

The Chemical Structure of Vltamln A.

A great deal of work has been’done dn the'Structure
k,and Ghemlcal comp031tlon of Vltamln A and carotene0
A Smith (222) 1nterpreted his observatlons that carotene

k~conta1ned 9 easily saturated double bonds in a congugated
'serles, further conjugated w1th 2 other unsaturated llnkages,

elther double bonds or cyclopropane llnkages. “He suggested |
 that this system was respon81ble for the colour of the
«icarotene moleculeo ‘

\ Brulns, Overhoff and Wolff 23) calculated the ratlo,
0f the moleculur weights of carotene and Vltamln A and from
; 'thlS they deduced a molecular weight of about 530 for‘Vitamin~’
f: Av From this value they concluded that the assumptlon of a
51mple chemical relatlon between Vitamin A and caroterne to

"fappear ;mprobable' | |
| | In 1951 Karrer, Worf and Schopp(l29) suggested the
follow1ng formula for Vitamin A.(CgngoO) Whlch is now the
“prov181onal formula," | |

Ciz CHy

:‘CHS Hsz

H, I T CH;CH-C- H~CH=GH-5:CH-CH20H;?"

\/

vA,yearylafer,kHeilibeF;,MbrtOn and Webster (110)
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ksuggested the previous formula and also the following:

T \/\CH
/i\c/

H2 H5T

CH= CH—C:CHeCHzOH

 The'next year Karrer, Mbrfeahd~Schopp (130)
‘synthesiSed perhydro-vitamin A"(020H4O¢) with the following
_structure: c :

I, JC(CcH ~)2 CH

3 | iH:s |
%CH CH—CH2 CF2 H«CHZ CHy~CHy= H—»\GHZ-DCHQOH’

The identity of the substance thus sgm.mesisea with that
prepared'by theireduction of the natural Vitamin Aewas estab-:
lished by comparlng the ‘boiling p01nt density and molecular
:  refract1on, ’ , |

Accordlng to Drunmﬂnd (67) the formulae for alfa and

n;beta carotene are as follows:
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He alsc summarized and compared the properties of Vitamin A

and carotene.

j Carotene
éynthes&sed in plant
Orange red
Antimony trichloride
gives steel blue colour,

0
band at 5900 A.

Vitamin A.,
Stored in animal
Almost colourless
Band in U.V. at 3280 Z

Royal blue colour with

antimony trichlaride,

o}
band at 5720 and 6060 A.
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The Effect of Ohemloal and th81eal Agents on Vitamln‘A

Observatlons upon the chemlcal nature and propertles of ,‘

4

Vitamin A were reported by Drummond (57) in 1919, He noted

‘that[the fatdsoluble‘aecessory food factor.A was readily -

\',destroyed by short exposures (one hour to a- tempature of lOO°)

Destructlon was less rapid at temperatures of 50° to lOO° Hé
,belleved at this time that the destruction was not due to
oxidatlon or hydroly31s,_ The factor was not extracted from
01ls by water or dilute acld but was soluble in alcohol.' The
fat soluble A faotor could not be 1dent1f1ed With any of the
: recognized compcnents of fats, such asg glycerol, saturated or
unsaturated fatty acids, cholesterol 1eelthin, phosphatldes
or the llpochromes. In;concluSLOn heksuggestedfthat in view
of thedlow tempereture,at which destructien,ocears, fat
,SQluble.A;may‘ﬁe,a’liable substancedof\illadefinea constitution,~
Working,with whale oils Delf (50) found that the tempere‘
‘ature used for extracting the oil played an 1mportant part in
‘rthe potency of the 011. In h1s~workkhe also found that the '
‘gperm whale gave from 1ts head an 0il rioher in Vltamiﬂ A than
'efrom fhe blubber, ; e |
Emmett and Luros. (77) ‘showed deflnltely that benzine
’er‘acetone did not extract from the panereas,ethymus and

’suprarenal glands a fat that eontalned the fat soluble A

“«.vltamin.
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| 'kDrummond, Ghennohvend Goward (64) prepared,a concentrate
of Vitamin A from«Cod Liver O0il and examined its ehemical
properties, VThey fOund it containedkno détectable traces of
: 1od1ne or nltrogen, g0 that these elements ‘are not related to
f’ the phys1olog1cal actlon of the 0il in promoting growth Their
\resulﬁs showed that approx1mately 50% of the uneaponiflable
,matter from Cod Liver 011 1s cholesterol whlch;may be removed
'quantltatively w1thout loss of vitamin aet1V1ty. Vitamin A
‘Wasyﬁognd;on dlst;llatlon to pass over at 180-220° atealzfm;m,
: l/éhemicai exanination of the active distillate indicated the
l preseneeeOff(e)wa Satﬁrefed eolld ale0hol,‘(b)\the:unsaturated
lhydrocarbOn eplﬁaeene; (0) one'or~more thah-oﬁe uneaturated
falcohol boillng abouﬁ 2000 at 2=3 m,m, Splnacene and the
SOlld alcohol were w1thout Vltamln A action., e
| Cody and Luck (25) studied the effect oi’ different
tgases upon.V1tamln A, They dlsoovered that SOz rapidly
fdestroyed the active prlnciple of Cod Liver @11. Alfalfa aﬁdl
"spinach when sulphured in the dry and green oondltlons,

, experleneed no loss of Vltam1n A activity. Phospharoue penta=

echloride, chlorine, acetyl chloride, nltrous fumes and: /
;Beneﬁlets alkaline GOpper reagent destroyed the. actlve principle
‘1n God leer 011. Prolonged treatment with sodlum blsulphite
had the same effect | Hydrogen sulphide, ethylene, ammonia
| e7ewfend Bene&lcte ‘reageee after neutralization;exhlbited,no ,

: ”V&estfﬁctiﬁelaétionﬁ ‘Eormalaehyde_had little7effectf;
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Hydrogen peroxide breught about a partial loss. They concluded
r-that Vitamin A;activity is the property of a speoific atomic
‘ grouping rather than of a speeifle molecule, and that the
aetive principle of Cod Liver Oil possesses aldehyde properties,

| The destructlon of Vitamln A by ultrawviolet radiations
- was studled by Norris (168) He found that +the curve of
destructlon of Vitamln A in Cod leer Oil by ultra-violet
'irradlatlon, determined by means of blelogical experlments,

edlffered in several particulars from that obtalnea by use of

s the color test The first showed no‘disappearanoe,of the

Vitamin up to one‘hOur’s exposure, thereafter'there was a
: erapid destructlon, only 1 5% of the orlglnal content remaining:
after four hours irradlatlon.,~The(color‘test,,onrthe other
hand 1ndieated~thaﬁ destructioﬁ Sterted at"onee and proceeded
slowly, the curve following that of a blmolecular reaetlon.
5Forty«four percent of the origlnal chromogenla value still
‘:Qrema;ned,after sixteen hours and~thirty,pereent after‘thirty«
" ﬁwoJhou:s,irraaiations.e‘ths Suggested»thet,Vitamiﬁ A ahnd fheé
1~chrqmogenie subé%ahee‘were eeparate entities. ' ,
| "METéus (155) found the storage of the ether-soluble :
~‘portion of the unsaponlfiable fraction of God Liver 0il W1th
Tflnely lelded SOlldS, such as laetose granulate, ferric

\sulphate ete., in the presence of either air or ecarbon dioxide

:’igf/eaused a progressive destruction of Y;tam;n.ﬂ, often~eomplete

in fifteen deys. Destruction also occured when the comcentrate
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ﬁee Stored‘With "nuchar"'charooal from which all traces of air
had been removed, showing that in this 1nstanoe oxldatlon was‘l
| not the destructive agent‘ The presence of hydroquinone or
water ag ten percent of the total materlal delayed but did
lnot prevent the destructlon of the Vitamin, -

' From the work of Monaghan and Sehmitt (158), carotene,
,the precussor of Vitamin.A in the animal body, greatly
inhibits the oxygen uptake of 1inoleic acid, 0x1dize& carotene;
on the o%her hand slightly accelerates the oxygen uptake of
«this acid Vitamln A in small concentratlon may completely
inhiblt the oxygen uptake of llnolelc acid for some hourse
~_Thls inhibltlon wears off, as in the ocase of carotene when;‘

the V1tem1n is destroyed‘by ox1dation. They suggest the

‘ ‘possibility that Vitamin A may be concerned W1th phospholipid

metabolism.

' Measuremenﬁs made in a Warburg apparatus by Euler and
-Ahlstrom (79) showed that the rate of oxygen uptake of a geries
~of fish»liver oils and Vltamin A concentrates increased with

 einoreasing "blue value" and growth-promoting power.. Liver

sections from rats Showed,a higher rate of ~oxygen uptake in

e blood than in Ringer's solution, They suggest that Vitamin A

e plays an imporﬁant part in oxidation processes in the body.

Davies (47),1n his work with the absorption spectrum

ll" observed that at room temperature, Vitamin A deterlorated less

nirepidly ln liverlspeclmensftreated,with poﬁashgthan in untreated
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,tlesuee kept W1thout preservative treatment In the case of
Specimens of liver transferred immedlately post mortem to
potash solution and then stored at room temperature no ser-
ious deerease in Vltamln A content was . to be anticipated if
the assay was. earried out withln fourteen days after death.

| The productlon of high grade feeding 0il from ;
‘pilehards and 31milar fish wae inveetigated by Broeklesby and:
*fBailey (21) A dry, acidwfree pilchard oil stored in a cool
dark plaee and having a minimum access’ to air will remain
'funoxidized for a very long period. Samples kept in tightly

‘stoppered glass and tin contalnere and stored in a’dark cup=-
'wboard for five years showed but a trace of oxldatlon. An oil
with O, 001% maleie acid dissolved in it will resist oxidatine
“raneldlty twice as. long as an untreated 0il,
| Gutteridge (lOO) at the Gentral Experimental Farm,
rchttawa, showed from an examination of the free fatty acid and
ﬁnltrogen content of several varieties of God Liver 0il, that,
in general, OilS‘Wlth a hlgh fatty acid centent aleo had a
,high nitrogen content ‘Such oils abnormally high in these
~constituents ‘were either manufactured from stale llvers or
k~1mproperly proeessed One sample of Cod leer 0il was

' deaminlsed and compared with the untreated 011 by feedlng

o experlments. The deaminleed oil was superior to the untreated

| - 0il in that it had the effeet of equa11s1ng the rate of -

afgrowth and. lowerlng the mortality in grow1ng ehieke, while



62
also fenderihg more efficient utilisation ef food for egg
‘produetion. i
. Reti (184) prdved‘the inveriable existence~of Vitamin
,A in esterified form in the llver. |
Aocordlng to Miller (155) the Vitamin A potenoy of :

God Liver Oil in a feed mlxture was preserved by mixing the
‘011 W1th cottonseed meal before 1ncorporatlng it in the feed.k

| The chemical and phy51cal constants of Coa leer 0il
4was exten51vely studied by Lindholm (158) Flfteen samples
fof God leer Oil showed remarkable eonstancy in color,

V1s0031ty, aeldlty, sapenlflcation value,elodine value,

~.unsapon1fiable matter, sulphuric acid test of the U, S

i ‘Pharmacopoela Carr and Price test, in a few samples,fln +the

letamln_A_value generally as determined spectrographlcally
'buf iﬁ‘é few semples,bleloglcally. The Vltamln A content
fwas easi1y;diminishedvbyﬁoxidation:witheut affecting any of
"thefotherfeonstents; but ifegny'of these beoame;seriouSly,
'eltered;vthe Vitamin,A’was,also found to be completely

:j@estroyed,‘
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Golorimetrlc Reactlon

Among the first to use the colorimetrlc method of
aSSaylng the Vitamln A content of Cod Liver 0il were Rosenhelm
and Drummond (186) They used arsenic trichloride, 1 c¢.c, to
one‘dropkof/oil.» They found that the oil digsolved rapidly

 andfgave d blue solution which in a few seconds ehanged to

; purple and gradﬁally’faded."Complete agreement was found to
kqecdﬁ betweenkthe color intensityfand growth-promoting activity
k‘e‘s tested biologically,

L Drummond, COWardkand Hardy (65) demonstrated the

sen31t1v1ty of color reaotlons ‘with trichloroacetic acid or

! dimethyl sulphate, and found that they seemed to be of about
the same order as the anlmal feedlng test, They stated ‘how=-
ever that the reactlon with arsenic trlchlorlde was deeldely
more dellcate. :

Fearon (81) found that phoSphOrds pentexide\fOrmedya

’~deep V1olet color on addltion to oils containlng Vltamln.d

;Using ‘a, 12% solubtion of trlchloroacetlc acld in dry llght
'petroleum as a oonden51ng agent, pyrogallol and other polya :

’:phenols 1ntereacted with 01ls contalnlng Vitamin A to give
stable pigments which were suitabde for eolerlmetry,‘

;Gohtinﬁing this Work were Willimott Moore and Wokes

(256}“ They noted that concentrated sulphurlc ‘acid and
L g;phosphorous pentox1de were 1ess sen51t1ve tests for Vltamwn A

J:‘ﬁhan'were'arsenie trlohlorlde or antimony trlchlorldee' They
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concluded, "In view of the transient nature of the colors
obtained with both these reagents, it is suggested that read-
ings be taken not more than thirty seconds after mixing,

Using the antimony trichloride test Wilson (261)
observed that the fatty extract from the human liver gave the
same color reaction as Vitamin & found in Cod Liver 0il.

In a study of effect of heat and Qxidation on Cod Liver
0il, Wokes and Willimott (263) used four color tests--coneen-
trated §tlphurio acid and phosphorus pentoxide being qualitate
ive only and arsenic and antimony trichlorides being quantitat-
ive as well as qualitative, They obtained results in agreement
with those of workers using animals, |

Drummond and Morton (66) measured the color reactions
with a Lovibond tintometer snd found their results were in
agreement with those obtained by Rosenheim and Drummond (186)
Cand also those obtained by the absorption bandss They found
thatkcolorimetric analysis was in agreement with the spectr-
osecpic methods and recommended either for giving a rapid,
reliable quantitative measurement of the Vitamin & content of
Cod Liver 0ils,

Wokes (264) conducted a spectroscopic sbtudy of the
colors pfoduced,by the"Vitamin Reagents" (arsenic and antimony
’.triéhlorides) on a series of God Liver Oils and concentrates
whose Vitamih A content had been ascertained by feeding tests,

.In each case he found two absorption bands which appeared to
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‘ be‘characteristiO‘of the chromogen.f Arsenic trichloride gave

 bands at about 587 and 475 2 M and antimony trlchlorlde gave

V‘bands at about 614 and BJOF',P' He observed that the chromogen

'on standing in contact’ w1th either reagent gradually passed
:from the stage g1V1ng the inltlal band. (at about 587 ox 615F P} :
pto the stage giving the second band (at about 475 or 550 hor P)
fThis ehange was accompanled by s gradual losgs in blue color and
gain in red color, which can be measured by means of the tint-
. ometer.f He also stressed the time effect in reading the
results as;(256) had done previously. ﬁ L

| ’ Accordlng 0. Smith and Hazley (221) the unsaponifiable
'fractlon of God Liver Oil gives W1th antlmony trichloride in -

ehloroform a blue color propostional to its concentratlon.

s;,p,The line representing the alllutlon effect for the total

iunsaponlflable fractlon is tangential at the origin to the

 ;d1lut1on curve for the correspondlng Cod leer Gllo They
:descrlbe a method for oarrylnv out the eolor test on the
,unsaponlflable fractlon extracted with e¢hloroform,

Emmerle Eekelen, and Wolff (76) found ‘that by treatlng

"77',k:a Vltamln A preparatlon from God leer 0il with drops of

furan, methylfuran, pyrrol, 1ndol or skatol prlor to use of the
‘antlmony trlohlorlde reagent a purple color in place of the

ual blue Was glven. The 610F"F‘absorption band was found

“to be suppressed but the 572RP band was unalterede They

%1lileonclude that the varlatlon in dlfferent specimens of llver
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011 may perhaps be due to variatlons in thelr content of indol-
like substances. |
| Glllam and Morton (87) observed from their work that
Vgllver oils contained two ehromogens which with antimony tri-
Hchlorlde gave colored substances W1th absorptlon max1ma at

606? F‘and 5?2? R respectlvely. In concentrates these maxima
‘~were dlsplaced to 620F P ana 585P‘F . A comparlson of ultra-
ev1olet absorptlon spectra with a spectroscoplc data on the

'1‘color test disclosed, "(1) that the parallellsm between the

‘1nten51ty of the GOQP )u band and the intensity of the 528?
band breaks down so,seriquslybln extreme cages orfto render~it

:improbablé that'the‘ﬁoe,ﬂ/n chromogen is Vitamin A; (ll) that

l%he1572Fe/P chromogen and the substance responsible for the

328 B P bend are probably identical; (111) that the blue

o color for rieh o0il and eoncentrates ig often much deeper than

Would be expected on. the ba81s of eorrelatlon between blue

“f'v‘ucolor and ultra~V1olet absorptlon.” "Hence they concluded that

‘the matohmng of blue colors with Lov1bond glasses, ﬁhough 1t
yimay act as a rough guide to Vltamln A potency Was theoretically,
u.nsounét. L s ; : | :
The ideal condltlons for aocurate oolorlmetrle detern
 m1nét1ons are stated and rev1ewed by Hellbron,‘Glllam and
;Marton (109) . They ebserved that in a cons1derable number of

_ 01ls characterlsed 1n the oolor test by predcmlnance of the

iy 5727 ‘P band over the 606 * M pana, s 1arge increase in the
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,intensity of the latter band could be obtalned by treatlng the

”011 beforehand with ozonised oxygen, hydrogen peroxide or
benzoyl perox1de. Oils which inltially showed an excess of

‘the 572,?‘,P'chromogen over the 606(? P ehromogen underwent a

slow‘spontaneous,ageing whlch,reSulﬁe& in a marked increase in

the intensity of the 606 B R band, Inoreases in bhe 606 2R
abserption were nof‘at the expense of the 572]u P chromogen
iand were not accompanied by s1milar increases in the latter,

- and the absorptlon at 328 m ,P’remalned'practieally,eonstant

',throughout. . = ,

Rosenthal and Erdelyi (187) (188) found that a modzf»,

T icetion of the antimony triehloride eolor reaction for Vltamln

e - A by the addltlon of pyrocatechol dlstingulshed between

aVitamln A and the . known carotenoids. The violet-red eolor

: resembling that,of;a dilute solutiOn of'potaSsium‘permanganate
,Wes morensﬁable thanl%he”blue~of the‘GsrrmPrice reaction. |

’,’ ‘ A short time later these same two investigators (189)
jneted that a 5% guaiaool solutlon produced W1th Vitamln A the
:same ‘Ted - V1olet color as 5% eatechol. .The stablllﬁy of the -

eclor rendered the gualacol test sultable for quantltatlve

o purposes. ‘

Continulng this work Rosenthol and Weltner (190)

L found that the purplish red color of the ‘antimony trichloride-

Y catechol test for Vltamln A, when examlned spectroscoplcally
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‘withinlthe firsfkten‘miﬁutes,‘Showed maxima at 545 and,475;p’}a,
on~lohger standing tWo~otherfmaxime'abpeared - When eatechol
jwas replaced by guaiacol the purple color remained unchanged for‘
A hours, W1th maxima at 545 and 478,P )a
Anderson and Levine (5 a) observed that on heating the
‘reaction mlxture to 60° G the blue color given by Vitamin A
‘ W1th the antimony trichlorlde reagent was changed to red,
whereas the color glven by carotene remalned blue.‘ They con=- {
cluded that the ‘use of pyrocutechol ‘as recommended by (187)
was not necessary to bring about the change of eolor in the :
rcase of Vltamln A, | | |
: Accordlng to Przeydziecka (177) if the mixture is
heated in the presence of gualacol for two mlnutes on a water
bath at 60° C a rose or red color is produced Whlch is stable
and may be compared W1th a standard solutlon of suelan three,
| Holmes~and Bromund (119 found that the orthodox method
of matchlng against potassium dlchromate was satisfactory for
estimatlng carotene when dlssolved in petroleumether. Solvents
of hlgher refractlve 1ndex, guch - as benzene and chloroform,
however, caused a change in the color towards the red end of
rthe spectrum, and accurate matchlng agalnst a dichromate
ksolutlon Was impossible, Accurate results could be~obta;ned by

'~us1ng;solutlons,ofgcrystalline bixen as a standard,
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Absorption Spectrum

The absorptlon gpectra of Vitamin A wa.s observed flret
5 by Schultz and Morse (199) and Schultz and Zelgler (200)
’(Shortly after these 1nvestigatcrs were Helbron, Kamm and
| Mcrﬁon (108) : |
| In 1928 Morton and Heilbron (165) claimed that Vi‘bamln
‘A was characterised by an absorption band with 2 max1mum at
k528 u - u .: They also suggested that one of the decompositlon/ﬁy
lproducts of Vitamln A had an absorprlon band near 275 to 285F M,
| Morton, ‘Heilbron and Thomson (166). found that a crude
 fGod Liver 011 of high potency gave addltlonal seleetive
 absorption between 565 and 585,P ,F in the blue solution.
| Dann (45) showed that Vltamin A was more rapldly
rdestroyed than carotene by radlation of wave length 2650.A
He. deflnltely denied the possiblllty that Vltamln A was the
pend product cf the photochemical reaction 0¢ carotene with
:thls radlatlone . ;
Chevallier and Ghabre (52) applled a spectrophotometrlc
'imethod, Whlch permltted a very accurate measurement of the ‘
'Qultra—vrolet-abscrpt;on glven;by a sukstanoe to the,measurement,
' ;‘ofainfen—sity of ebsorption at 3280 & ‘oif different samples of
'eﬁcd BiverrOilj The examination of a great number of oils of
fdlfferent orlgins ‘showed, that, besides the presence of
'7V1tamin A, the free acldlty of the 01l and in certain cases

’flte pigment (if very concentrated) must be taken 1nto account
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in oonsideratlon of the absorption in the neighborhood of
f328® A. They ooncluded that when the free acid content of the
0il Was 1ow, the results of the phy31cal and blologioal tests
_agreed fairly well the dlfferences not exceeding the usual
\fexperimental errors inherent in. biologloal methods.
~ Bills (17) demonstrated that the spectrograph gave
ptwo adjacent spectrograms, and an optical. wedge in front of
the eollimator prOV1des means of revealing directly the intens1ty
‘of the ~banded absorptlon due to Vitamln A, '

Macwalter (150) found that the aeration of Cod leer |
011 for . a gshort time reduced. its absorptlon at 528@/ but o
-»aeratlon for a long tlme increased its absorption greatly. .He 
udeV1sed a method which uses a curve relating absorptlon at

o:528 uom to duratlon of aeration, whereby an accurate measure

‘ @of the absorption due to Vltamln A,may be obtained. When this

;method was impraetloable the absorption of 528/ )u of the

a’eunsaponlfiable fraotlon of an oil was a truer measure of

i Vitamin A than ‘the absorption of the Oll 1tself ’ ;
'1 In. Notevarp s (170) experlments the Hilyer Vitameter A&
was equzpped With a 31mple photographlo devioe which made 1t
kposs1ble to determlne E, 528‘P"P‘Wlth an aoouraey approaohlng‘:g
that attalned by conventional speotrophotometrlo methods°
. The values thus obtalned for pure and crude Cod Liver OllS,

i;,halibut liver 01ls, ooncentrates of herrlng oil, ete., agreed
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well with the blue values obtained byathe antimony trichloride
vmethod when the latter were caleulated aceording to a special
formula, Wlth Cod Liver Oils the absorption of the unsapon-
.1fiable matter was 85 to 90% of that of the orlginal 0il, the

;reductlon being attributed chiefly to losses in the preparation

of the eoneentrate, He algo noted that the value for l%cm

528fn ? was reduoed from 0.52 t0 0,027 in a Cod Liver 0il
sbexyosed for six months on a roof 1n a Whlte glass bottle.',

| Shrum and How (210) found that the results of bio=
klogical estlmatlons of Vitamin A in a Cod leer 0il and in a
eoncentrate agreed well with the value found by multiplying |
the extinction ooefflelents (E 17cm at 328 [ / by 1600, Ih

i1't;wo samples of pllchard 0il, however the physical method gave,‘

values mere than three times the blologleal values for the

_oils and 2 .5 times those for the unsaponlfiable fractions.
fRemoval of the plgment by absorption on diatomaceous larch
'reauced the absorption ohly sllghtly. To measure the absorptlenl'

'idue to substances other ‘than Vitamln A the latter was |
ldestroyed by ox1datlon,_and the absorption of the treated

s materlal measured After subtracﬁion of this value from the

'  total for the untreated materlal the remalnaer, due presumably

%o Vitamin A, ylelded a value only 50% greater than the bio- |

’_ logical value.k They belleved that the high values obtalned for

pilchard oil were eaused by ocher substanees absorblng in the
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region of 528,F ;P They concluded that the spectroscopic

‘ _method can-be applied to pilchard oil only when the Vitamin A

As removed completely from the oil w1thout otherwise modifying

or affecting 1it,

Semple IR B - Vitamin A Content
 Biological ~ Physical
~Standard Solutlon Cod , 12 500 x : R 11,700
Liver 0il 660 : : 620
Pilechard 0il No.;l | 120 : 380

 Pilchard 0il No. 2 ” 175 . B8O

The flndlngs of Shrum and - How.
Acoording to McFarlane and Rudolph (148), at the

gUniver31ty of Alberta, there is need for further 1nvest1gatlon /

i,~of~p11chard oll‘to brlng int0~eloser agreement'the‘results Of

,the blologlcal assay and physical measurements of this oil
"for Vitamin A, ' ) | |
| : Mllne (156) found that spectrophotometric measurements
‘cof'the,Yitamin,A‘conteqt‘of pilchard oil did not equal the’
"cbiological value of the‘oii.° It was also. found that the
‘caroten01d pigment of this 011 was too small to account for the

~ high biological value,
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Solvents for Garotene

Dann (45) repor’ced that Vitamin A was rapidly oxidized
‘~by air when dissolved in some solvents,,and alowly or not at
all in others. He found 1t to be particularly stable in ethyl
alcohol alcoholic potash and ethyl aeetate. In ethyl alcohol
klt was stable. tOWard hydrogen peroxide. The solvent (or:
impurities associated With the vitamin or solvent) appears:to )
play 8 leading part in determining the stability of Vitamin &,
lMeDonald (146)~fodnd,that carotene dissolved in ethyl
'Bdtyrate laurate or‘palmitate or in peanutnoil and. sbored
with aecess of air, was destroyed to the extent of 80% in four
~‘oweeks, even at 5 C., while with the ‘same condltions, only
'8% was destroyed in Cod Liver Wesson or. Maize 0il. Higher
temperatures accelerated and storage in vacuo retarded
'destruction.

Baumann and Steenbock (8) examined the stability of
/learotene in a ‘number of solvents, quantitative egtimation being"
ma.de. specﬁroPhotometrically by obserVing the 1ntensity of |
oabsorption at 485 and 460 m,P Reflned cottonseed 0il. (Wesson

- oil ‘brand) was most satisfaotory, coooanut 011 among others,
was 1ess,good. The effect of various conditions,of/etorage was
efudied; _Iffweeiealeulated that when the solutions were kept

in the anditionsiexacted by:their?deelin a'feeding test, 95%

“ig o£;carotene was lost after a month when dissolved in olive or
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oocoanut 0il, but ‘only 26% when cottonseed Oll wasg used, The
addltlon of hydroqulone 1ncreased the stablllty of carotene in
certain solvents (etnyl laurate, ethyl sebosate) but not in
others, J v LR ‘
k An elaborate study. of the stahility of carotene 1n7
: ethyl esﬁers of fatty aclds and in 1iver and vegetable oils was_
conducted by McDonald (147). A 0. O5p solution of ‘mixed alfa
-and beta carotene in ethyl butyrate, laurate, and palmitate,
in peanut 0il, cod liver 0il, maize o0il and Wesson 0il was
stored in partly fllled stoppered bottles at 570,‘240, and 5° ¢

| and in evacuated sealed tuhes at 57 8, and the carotene content

oobserved speotrographically (462 Wp'line from time to time,
/k_The carotene was conserved best in the Wesson and malze oils
kand Worst in the esters., ’
Dyer. and Kby (?5) found the biologieal value of the
'carotene used as 1nternat10nal standard for Vitamin A was
“greater in solution of cocoanut ox‘arachls‘oil than ln harde
' eﬁed cattbnseéd oil,or ethyl lauiate. Three‘samplos'of~coooa~;
~nut oil, with and without the additlon of quinol, gave ' |
,approximately the same. result Cod liver oil gave 8 higher
’%blologicalwvalua for Y;tamin A, When_dliuted with,oocoanutvoll,

than with hardened cottonseed or olive oil,
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:VitaminkA and;AntiOXidants

Jones and_Qhristiansenf(lBV) found that hydroquione in
'a,eonoeﬁtration of 0.05% retarded the absorptlon of oxygen and
the deterloratlon of the "blue Value" of two samples of refined |
halibut llver 0il, It also retarded without wholly preventlng\

o the deterloratlon of the Vitemin A value of one sample as
’7,; estimated biologically. Malelc acid did not act as an anti-
eox1dant in halibut liver oil,
: ; Leoithin and hydroquinone as antioxidants for Vitamln A
was studied by Holmes,‘Corbet and Hartzler (120) The effect
’ of lecithin ‘and. of hydroquinone in delaylng the oxidation of

‘fV1ﬁam1n A, as measured by the SbCl5 reactlon, in halibut liver :

‘f101l and cod liver 011 was studied both at room temperature and
ﬂln an atmosphere of air and with the aid of speolally de31gned
“apparatus, at 96° G., in an atmosphere of oxygen. The anti-
;mox1dant action of both Substances was oonflrmed under all

 l>,conditions and at all concentratlons.. The aotion of leeithin
"in supplemenﬁlng the action of hydroquinone was much greater"

;5than would have been expeoted from its action alone ‘and ‘the

Jbest results Were obtalned W1th a combination of both substanoes,

In some 1nstances,'and notably With hydroqulnone in cod liver )

,oil there appears to be an optlmum conoentratlon for. the anti-

'oxidant and less satisfaotory results are obtalned if this
‘ylf:%eonoentration is exoeeded At 96° C the presence of water

’:3f14 sllghtly retarded the rate of oxidatlon.,




"6

Conoentration of Vitamin‘Ak~

Willimit and Wokes (258 ), working with spinach, pre»
pared an extract that was two hundred times as oonoentrate& as
fresh leaves. This extract they found was potent source of
VVitamin A, in that 25 mg. daily gave complete freedom from
:xerophthalmia and 1nduoed satisfaotory growth.

‘ Moore (162) _prepared concentrates from the liver 01ls p
| of rats and pigs whieh had reoelved diets contalning large
',amounts of oarotene as red palm oil and compared them with con-
,centrates derived from. turbot and sol-liver oils, Although the
‘initial blue values of the oils varied Widely, little dlfferenoe
gcould be detected in the activities of the final conoentrates,

twhlch approached an average value of 2400 B,U, per mg.

k',,‘(Pharmacopoeia color value 45, OOO) in the Sbel test, corres-

‘”',nonding to a minimal dose of about 0, OOl mg, in rat growth :

i experiments. He believed that the concentrates must have been
‘toonsisted substantially of actual Vitamin A, or alternativelyk
:that the.vitaminrmust~have been associated'with other substances ‘
of similar solubility properties in. remarkably eonstant Pro- ‘
iportion.,~

‘ The preparation of a potent Vitamin A concentrate wasg

. desoribed in 1985 by Holmes et al. (118), They prepared

5concentrates of halibut liver oil having blue values up to

iﬁ7f140 000, and olaimed them. o be 40% more potent than any other

\fpreviously prepared samples.
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| Karrer et al (129)rsuggest the following prodeés,for
coneentratlng Vitamln A, -
HALIBUT LIVER OIL
| éaponify
UNSAPONIFIABLE RESIDUE

cool in MeOH to ~15° t0 ,600
(to remove sterols)

SOLUTION

‘ Eractionally'adéorb on Fuller's

VISCOUS OIL CONTAINING
OVER 50% OF VITAMIN 4

Egterify

VITAMIN A ACETATE
 (Cruge)

 ksaponify and disﬁil in vacuo.

; NEARLY PUBE VITAMINAA
(10 OOO times as. actlve as original material)

The Vitamin A conoentrate obtalned from the above process

' 7>,represents about one part in two thousand of the orlglnal 0il,

:fThe aese needed to cure a rat is as little as 1/1000 of a mill-

”"ifzigram ( 1/50 000,000 of an ounee).
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. The Measurenent 5: Vitamin’Ak
’e(Internatienal Unitsg)

o | -The need for a unit measurement of Vitamin A hes been
krecOgnized'by~investigators throughout the world, To avoid

-~ eonfusion the 80 called "Internatlonal Unlt" has been evolved

after several years of intensive 1nvest1gatmon. Untll recently

the Sherman and Munsell unit (206) has been extenslvely used 1n

k'the Vitamln A determinations of foods,‘ ‘

| Eekelen Emmerle and Wolff (73 a ) in 1934 eonverted

‘;the various "unlts"vused to - express the results of Vitamln.A
nestlmatlons by the antlmony trlchloride method, into Inter-

ff~natlonal‘units.~ Thelr flndings were asg follows' 1 Cod leer

‘011 unit (Rosenhelm and Webster) equals. 208 international units,

'~d1 blue value (Drummond and Hlldltch) equaIS'20~8 internatlonal

vunlts, lylovibond unit (Wolff) equals 4,2 international unlts,

l"‘el blue‘unit (Moore) equals 0, 59 1nternational units, They also

‘showed that by similar calculatlons an oil having E% percent

328 uu equals 1-1s assumed to contaln 5 God leer 011 unlts,‘

. 50,blue values, 250 lovlbond wits (Wolff),,2750 blue units

(Moore) and 625 gamma Vifamin A or 1042~intern§tional units per
gram, | “
i The first Internatlonal Gonference for the Standardls-

~'at10n of Vltamins was held 1n 1931 (185) in London England A

“l'pr071sional unitb of Vltamln A was established in terms of the
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bi‘clcgical aetivity‘ of a sample 'of carotene, The second Confer- :
 ence was held in 1954 at which a solutlon of pure beta carotene |
‘was adopted as the permanent standard in terms of which units
of Vltamln A Were in future to be expressed (154)

E The Pharmacopoeia of the Unlted States has evolvead a’
estandard procedure for the blologlcal testing of Vrtamlns A and
D. Thelr standards are Reference Cod leer 0ils of known
‘standard potenoy. See Appendix No. 1 for the procedure0‘

' ~ The above two standards are for the use of rats, Up
kgto the present there is no standard procedure. for Vitamin A

:‘determinations W1th chlcks. Many 1nvestigators have used chicksi’
“as a test animal but all express their results differently and
;%herefore it is very difflcult 0 compare the results of one
dinvestlgator W1th another. A standard procedure using chicks
as the test animal is needed in order that the flndings of
'fadlfferent investlgators may be comparable. .

‘ The deflnltlon of a unmt of Vitamln A as outlined by ,
the "Permanent Standards Commlss1on of the Health Organizatlon
of the League of Natlons" ig as follows. | |

(a) International Standard

The Conference recommends that pure B-wcarotene be -

- !adopted as the Internatlonal Sﬁandard for Vltamin A, The

. - Standard Breparation~shall conform to ﬁhe/requirements‘Stated

"c,';;in,mbfe 1 in regard to its chemical &nd physical constants.




80
(b) Definition of Unit

; The Conference reoommends that the unlt for Vitamln A

prov181onally adopted at the 1951 OOnference shall be malntalned.

It has been establlshed that one such wnit is contalned in O 6
mlorogram (0.6 gamma) of pure B«ncarotene.
The Internatlonal Unit for Vitamin A recommended for

kadoptlon shall be deflned as the Vitamin A act1v1ty of 0, 6

‘ mierogram (O 6 gamma. ) of the Internatlonal Standard Preparation,

Dally doses of tWO to four Internatlonal Units of

»Vltamln A when admlnlstered to young rats suitably prepared on

’a Vitamln A deflclent aiet ‘have been found aaequate to restore

ﬁSTQWth» somewhat 1arger doses are:required for the cure of |

xerophthalmia,

(e ) Mode of Preparation ‘

It is recommended that the Health Organizatlon of the

;League,of Nations: shall be requested to obtaln a -sample of

Bu»carotene as defined by the Conference (see Note 1), and that

- %he Natlonal Instltute for Medlcal Research London, acting

‘for thls purpoee as central laboratery on behalf of the Health

Organlzatlon of the League of Natlons, shall undertake the care,
storage and dlstrlbutlon of the Internatlonal Vltamln A -
Standard s0. obtalned. : e | T

{d) Mode of Distributioh

‘The Gonference Yecommends that the International Standard
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Preparatlon shall be 1ssued in the form of g standard SOluthH'
;~in 011 the strength of the solutlon being such that 1 granmme
‘~ponta1n55500 International Units, or 300 micrograms (500 gamma)

‘oka»—carotene.‘ o | | |

| {e ) Adoption of Subsidiary Standard of Reference

The Conferenoe recommends that a, sample of Cod leer'

Oil the potency of which has bheen accurately determlned in
'd terms of the Internatlonal Standard Preparation of B--carotene,

‘shallibe provided as'akSubSidiary‘Standard of Reference.

In view of the fact that the Reference Cod leer 0il
of the Unlted States Pharmacopoela, Which has been accurately
,assayed in terms of the prov131onal Internatlonal Standard
kadopted 1n 1951 has been in effectlve use in the Unlted States'
<;of Amerlca for eome time, the Conference recommends that the
’:Board of irustees of the Unlted States Pharmacopoela be -
approached and inv1ted to place a quantlty of their Referenoek
. God leer 0il at ﬁhe~dlsposal of the Healtn Organization¢of
'r{the League of NatiOns; with a'view to i%s adopfion for inter-
 nat1onal use as a Subs1d1ary Standard for Vitamin A,
In the event of the Reference Cod leer 01l of the
fUnlted States Pharmacopoela not belng avallable for 1nternatlonal
adoPtlon the Gonference recommends that another sample of

- Cod leer 0il be seWected its potency in terms of the Inter»k

“'t,natlonal Standard Preparatlon of B--carotene accurately

A

determlned by blological GOmparlson and 1ndependently by
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spectrophotometric meagurements, and that this selecteqd gample

be then adoptedAas a Subsidiary International Standard for

Vitamin A,



83

VITAMIN,A IN POULTRY

Symptoms and Leslons Due to Laok of Vitamin A

| Beaoh (12) in 1924 ‘was the first 1nvestigator to des-
cribe avitaminosis.ﬁ in poultry. He noted that the character-
:1stlc symptoms of thls disease were conflned to the head o
1nv01V1ng the nasal passages, the mouth pharynx, esophagus
and the eyes. Aocording to his early work avitaminOS1s A was
assoelated with the follow1nv symptopa‘chology°

| k-"A dlscharge from the nostrils,;of a Watery or visoid 1
fluld is nearly always present Later this may oolleot in the‘
‘1nfraorbital slnuses, become transformed 1nto a oaseous mass
\\sand cause a swelllng of the face.v : |
| "The les1ons in- the mouth, pharynA, esophagus and crop
oons1st of colleotions of white caseous materlal in the mueous
- glands, | , |
‘ "The lesions in the eye consist of an ophﬁhalnla whlch
produces pufflness of the eyellds, reddening of the con- o
ﬂjunotiva, 8, profuse watery secretlon which soon beoomes V1s01d‘
and may glue the eyelids together. ‘

"The kidneys are usually pale aﬁd marked by~awnetwofk

of :1ne whlte lines which are urate-fllled tubules. Occasion-
fally there is a deposit of urates on the heart, pericardlum,o

/liver, omentum and 1ntest1nes. “In some easesfthe;uraters are

' *“diogreatly dlstended W1th urate

"The possibllity that 1t is Vitamln D rather than
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Vitamin A in the cod liver oil that prevents the development of |
;thls disease would seem to be controverted by the following.
‘, 1. "The s1milarity of the ophthalmla to that occurlng in
':rats fed a ration deflclent in Vltamln A ‘and the total lack of‘

;any symptom of rickets suggestlve of Vitamin D deflciency.

~:2, "Exposure of the fowls to an abundance of direct sun-

i':llvht did not prevent the development of this disease, although

‘ilt did prevent rlckets.

i I would seem, therefore, that this disease which the

‘l ‘;writer has previously des1gnated as a nutritlonal disease

mesembllng roup should now be*de51gnated afnutritional disease
';caused by Vitamln A deficiency although the neme nutritional
kl}roup might be more suitable for use by the. poultrymen"'
: . In 1930 Seifried (205) described the essential histo=
é;.npathologlcal changes in the resplratory traet of chickens |
ilcaused by av1tam1nosis A He said, "There 1s flrst an atrophy
'gand degeneratlon of the llnlng mucous membrane eplthelium as

Qwell as of the eplthellum of the mucous. membrane glands, Thls

- ,procees 1s followed or accompanled by a replacement or substlts

"e:nutlon of the degeneratlng original eplthelium of “these parts

pby a squamous stratlfled keratlnlzlng epithellum. ThiS newly

' ;formed~epithelxumldevelops~from the prlmltlve columnas

”7}l}epithelium and‘diviaes'and grows Very rapidly. The process

k'f{:appears to be one of substltution rather than a metaplOSia: and -

;ezresembles the normal keratinizatlon of the skln or even more
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" closely the 1ncomplete keratlnlzation of: the mucous membranes.
All parts of the resplratory traot are about equally involved
 §n the process, and the olfactory reglon as well, so that the
:Senee of smell may‘be iost The lesions, whioh first take place:"
on the surface epithellum and then in the glands, show only
~\minor dlfferences " ,

"The protective mechanlsm inherent in the mucous
membranes of ﬁhe entire respiratory tract is serlously damaged
o even entlrely destroyed by the degeneration of the ciliated
cells at the surface and the lack of secretion with bacter=

icidal propertles. Secondary 1nfectioas are frequently found

o and nasal disoharge and varlous kinds of 1nflammatory prooessese

are eommon , 1noluding purulend ones, espeolally in the ‘upper
V resplratory traot eommunicating sinuses, eyes and trachea,
‘The development of the oharacteristlo hlstologloal prooess is
*not dependent upon the presenoe of these 1nfeot10ns, s1nce it
also takes place in the absence of 1nfeotlon; The speclfic |
histologieal\leeionsﬁmake;itepossible to'differentiafe betweeno
A av1tam1n081s ‘and some infeotlous dlseases of the resplratory
etract" :
| Oontinulng this work further Seifried (204) said "When
fowls are placed on a diet lacking in Vltamin A le51ons appear
in. the upper allmentary tract which are confined largely to
,the mucous glands and thelr duots, ,H;stologleally it is shown

%ﬁhat~the originalvepitheliﬁm beoomeSAreplacedfby'a‘stratdfied
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squamous keratinlzlng eplthelium and that secondary 1nfecﬁions
' are relatlvely common. The ducts of the glands may be blocked
leadlng to distention w1th seeretlons and nurotle materials.
These leslons maoroscoplcally resemble very closely certaln
stages of fowl pox and the two condltlons can be separated only'
kby histologlcal examlnatlon. These leslons produced by a lack
of Vitamin & may enable bacteria and other V1ruses to enter the,
body", | | | |
Ackert MoIlvalne and Orawford (2) found that the resist—'
ance of grOW1ng chickens to .the intestlnal roundworm Asearidla
L;neata,,was 1owered when the fowls, four to seven weeks of
fsge, were kept on a dlet deficient in Vltamln A, The'larger ,
number of the roundworms remalnlng in the chlckens on the
: Vitamin & deflclent diet were attrlbuted in part to eV1dences
of Weakened perlsta151s, thus maklng it less dlfficult for the
'young worm§ to w1thstand the rlgors of perlstals1s.
| Accordlng to 1nvest1gatlons conducted at the UnlverS1ty
of Idaho, (251) “the symptoms and le81ons of chicks fed a
‘V1tam1n A free ration are as follows:
“A oharacterlstlc wobbly gait, ‘sere eyes, sWelling‘uﬁderk
the throat, excess1ve mucous in the mouth, ruffled feathers,’
: general 1nact1V1ty and 1nab111ty to malntaln normal equlllbrlum9

and extreme paleness of skln, ‘beak, and shanks.k The 1nternal

\;‘,;.1eslons observed conS1sted of extreme ‘paleness of the kldneys,

-

7Vﬂﬂfollowed by a. eharacterlstlc whlte network of urate deposlt in
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the kidney tissue, enlargment of the ureters with an accumulat-

~ion of urates, and enlargment of the gall bladder and proventa

vrieulus; A white deposit often appeared over the surfaee‘of

 the internal organs and walls of the body cavity. A gelatihous

substanoe Was frequently found around the heart or over the

breast muscles. In those GthkS which survived to or beyond six

;weeks of age, typlcal whlte abeoesses (pustules) &eveloped on

the mucous membrane of the throat and cankerous growths appear=~

ed in the mouth.« In some 1nstancee the small 1ntest1nes

1exhib1ted extreme 1nf1ammatlon W1th definite hemorrhagic spots.
’As previously stated these le81one aid not appear uniformly
in all ‘the chicks, The urate deposits in the kldneys and the
eenlargement of the ureters, gall bladder. and proventrlulus,;, 3

r;were the - 1831ons whleh appeared more consrstently.- The above

sympﬁoms occur in chlcks at about four weeks of age and become
more severe before the chicks finally die",

»Hmshaw and Lloyd (114) report that poults fed )

‘Vitamin A deficlent ration from the time of hatehlng developed

‘ eymptoms of aV1tam1nosis A in twenty-flve days."Chlcks kept

as penmates o the poults showed simllar gsymptoms in twenty-

‘fseven days. The dlsease ‘was much more acute among the poults

than among the chicks. Le31ons in the poults were confined to

mucous membranes of the hea& the upper digestlve traet the
5 reepiratory tract and the Bursa of Fabrlcus. ‘Depoelts of

([urates in the krdneys and the uretere seldom occured in the
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| poulte. They also found that turkeys requlred a ration contain-
»ing eight percent of dehydrated alfalfa leaf meal (contalnlng
approx1mately 130 gamma of carotene per gram) for normal growth
;to thlrty weeks of. age. Chicks kept as penmates 6 the
;turkeys made normal gains and showed no evidence of aV1tam1n~
ros1s A on a level of four percent alfalfa meal From their

1nvest1gat10n they prepared tables shOW1ng the dlstrlbutlcn of

’leelons in the turkeys end the chlckens.
’ “ Seifrled (205) in later work showed that chicks developed"
kthe flret macroscoplc epithelial changes after: thlrty—three days
’on a, dlet deflclent 1n Vltamln A
Mlller and,Bearee (155‘a )‘noted that the first eymptom
'~,ebserved in - CthkS 1n a Vitamln A deflclent diet was a staggerw
ylng galt Thls condltlon became progres51vely Worse until
death occurred Staggering gait, unthrifty appearance, and
1801led fluff were the only external symptoms of deflcleney in
dehieke dylng early in the trlal. Those dylng later frequently,
showed a watery eye eondltlon whieh was often accompanled by
pus, They also found that the poet mortem examlnatlon of.
, chlcks on a- Vitamin A deficlent diet revealed enlarged gall
| ]bladdere, enlarged gray. kidneys (due to aceumulatlon of urates)
’ureters dlstended with uratee, enlarged proventrlcull and

gray,hearts,, Gullet lesions were. observed in only 8 few blrds.
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,ReQuiiements of Chicks For Growth

| sugiara‘ana Benedict (240) in 1923 studied synthetic
diets for the ‘nutrition of plgeons. In thelr work they used
‘two dlfferent ratlons and obtalned normal growth and reprod-
uction. No. l diet consgisted of casein 22, cane sugar 10,
k'starch 27, agar 2, salt mixture 3, butter fat 30 and yeast 6%. ,
\’No. 2 diet had the starch ‘increased to 37% and the butter fat |
~rep1aced by lard 20%.,.They~concluded~from their work,
 “Pigeons on_a diet of suffleient ealoric value, even though the
diet 1acks fat and fat soluble v1tam1ns, ‘may mazntain excellent
,‘condltion, and may produee fertile eggs and rear healthy squabs.‘
vHence fat-gsoluble V1tam1n is not essentlal in any stage of
avain nutr1tlon" ’

A few months 1ater Emmett and Peacoack (78) showed that
‘:young ehlcks requlre the fat soluble Vitamln,A They noted thaﬁ
in- the absence of Vltamln A, the onset of the symptoms of . |
fophthalmla appeared and unless the diet wag properly relnforced
or an oral treatment rloh in the Vltamln was given, death |
: eventually ensued, They clalmedfthat thls eye condition
\resultlng from the 1ack of Vltamln A was the same as the
“poultry nutrltlonal roup described by Beach (12.). The presence.

ﬂof urates in the ureters, kldneys and. at times on the surface
eof the heart liver and spleen were observed and believed |
;wrelated to the deflciency of the fat soluble Vitamin A, They

. o
ﬂfconcluded that "¥oung mature_plgeons requlre,veryalittle if
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any, fatlSOIuble A.’ Vltamin A does however play a role in the
' nutriﬁlon of some species of avian"

, The folloW1ng year, Hart Steenbock Lephovsky and
lHaplln, (102) agreed with Emmett and Peacock (78) and disagreed
with Snylura and Benedlct (240) |

| ) Hauge, Canick ‘and Prange (105) found that when they
‘ used 25% of yellow corn in thelr basal ration, the fat soluble
’A requirements of growing chicks were met for the first ten

weeks of their lives., On the other hana 50% of yellow corn

met the requlrements for the develoPment of pullets, up to the
«laying age.’ Ghlcks fed on. rations def1C1ent in fat soluble A
‘usually reflected such a def101ency in their growth responses

at about four weeks of age. .

~ Russell and Weber (192) 1nvestigated the Fole played

w,by plant pigments in the nutrltlon of chickens. Four groups

of chicks were placed on a Vltamln A deflclent dlet After
~four weeks on this dlet alone dally supplements of O 05 mg,
~~of earotene, xanthophyll and chlorophyll Were fed to the |
,chlcks in each of three of the four groups respectively, the

: fourth serving as controls. The group receiving the carotene
throve, but the chlcks in. the control group and 1n the two
'groups reeelving the other pigments falled and dled in two
eweeks. ~The ‘uric acrd 1n the blood of the Vitamin A def101ent
jchlcks was much 1ncreased but starV1ng chicks ylelded slmllar

?values., B
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The oonversion of carotene into Vltamln A Wes deflnitely
‘proven by Gapper, McKlbben and Prentlce (51) ' They also
observed that the beals and shanks of chickens, whlch had
‘ become colorless through the absence of earotenoids from the
dlet d1d not. become more yellow when carotene was gdded to the
"ratlon. They showed that the Vitamin A content of hen liver
oils was very high and that the Vltamin A requirements of fowl
~ were large.Q‘ | o
. Elvengem and New (75) used‘chicks inSbead'of~rats in
stheir study of avitaminosis A They evolved a basal diet :
' con51st1ng of : 58 parts ground white corn, 25 parts wheat
mlddllngs, 12 parts crude casein, 1 part common salt 1 part |
precipltated calcium oarbonate 1 part preclpitated calcium
~ phosphate 2 parts drled yeast | | ;
| | They observed that ‘the chlcks grew normally to three
"Weeks when they began to exhlbit general incoordlnation,‘
became drpwsy,sndgcrouched onotheir haunches. The feathers'
were very ruffled and there was scmeisoreneSS~sfound the~eyes,‘
bub theieywasfno typical‘ophtholmia. The beaks and shanks
kbecame colorless and most ‘of the birds were dead by the end of
‘ the £ifth week. They also found that the urlc acid content of
~ the blood of normal chicks was. approximately 5 mg. per lOO CeCu
of Whole blood, Whlle that of Vitamin A defi01ent chicks went
2 high as 44 mg, per“lOO c.C, of,blood.“ihe‘amountsof uric

oscidein the bloodowastindependent‘of the'protein intake;
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Vitamin A deficienoy did not disturb the urio aoid metaboliSm
;but 1njured $he structure of the kidney sufficiently to prevent ‘
normal elimination of uric acid. The amount - of uric aeid in
the blood was - dependent upon the degree of kidney damage, The
‘degree of 1neoord1natlon, however, was independent of the urie
’~_ac1d oontent of the blood | e |
| Kllne, Schultze and Hart (132) found that Xanthophyll
m, p. 1740 prepared from splnach did not serve as a sourcece of
'Vitamln A for the chick. There were, however no tox1c effects,
,even when it was. fed at levels of 0.25 mg. dally per ohick |
‘Carotene, m, p, 172 59 prepared from gpinach, when fed in
adequate amounts served as a source. of . Vitamin A for ohicks.

~‘When the chicks reached the age. of seven to elght weeks, 0,03

‘_ng. of carotene dally were not sufflcient when it was the sole
‘f,source of Vitamln A. Ghieks that had been depleted of
_Vltamin A requlred more than 0,05 mg., of carotene daily in
"order to grow to maturity, | | ’
| ’ In determlnlng the minimum amount of yellow corn
neoessary in a grow1ng ration Smlth (224) used a basal ration
Whioh contained. 35 pounds ground corn meal .6 pounds oat meal
20 pounds wheat middllngs, 7 pounds meat serap, 3 pounds flsh
meal, b5 pounds dried gkim milk 1% pounds oyster shell
,pound salt | ‘ e ,
When white corn was used 1n the basal ration one

’hundred peroent mortality resulted by the end of the eighth
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\‘week. Normal growth. and viability resulted when twenty»five
‘percent and fortynfive and one ‘half peroent of the total ratioﬁ
‘,was made up of yellow corn. He eoncluded that the minlmum
5 amount of yellow corn required in a grow1ng ration lay between
e;twelve percent and twenty-five percent when other sources of
V:L‘bamin A were lacklng. :
| | The Idaho Agrlcultural Experiment Station (251) used
‘,the following basal ratlon for their work on avitaminosis A°
43 pounds ground wheat, 15 pounds. ground oats, 20 pounds bran,
‘10 pounds drled milk ‘7 pounds meat and bone meal 4 pounds
oyster shell l pound salt Vitamin D supplled by 1rrad1ation.’
They observea that the flrst indication of Vitamln A
,aefleiency occured at about three weeks, A high death rate
eresulted after four weeks,up'to one;hundred percent%by eight”’
= weeks, ‘ ,:,i : | - s e
,Sthdyiné'avitamineSis,Aiin'turkeyseHinShaw,andALleyd
,1114) fed*the fOllowing raﬁion:V:25;pounds white corn, 25'peunds
Vbarlew. 25 peundslground wheaﬁ, 10 pounds’fishzserap,'lOkPOunds
viariéd-milk}.5fP0uﬁdév30ne megl, 2 pbnnds ground limestone and
, %'peund'sait; ’Ehey kept chicks‘askpenmates~t0~the poults and
'fvheir observafibns are discussed leter’under pathology.
W Gutferidge (99)‘found that the addltionhof pilchard
loileor Qo& Liver Oil‘te e’fatiOn otherWise deficient in Vitamin
< Ay increased growth and prevented the development of deficlency

'7synptoms in chioks. He alsb observed that neither pilchard oil
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nor Cod Liver 0il, when fed W1th a Vitamin A def101ent ratien
| ‘at levels of one percent and two pereent of the total feed |
eonsumed hrought about as rapld growth as was attained by
eredlng a well balanced ration, In ccnclus1on he claimed that
~ pilchard oil and Cod Liver Oil were of equal value in so far
as Vitamln A content is concerned and that pilchard oil was
f;sllghtly more effiolent in this respect,

In a study of the carotene ‘and Vltamln A requirements
for whlte 1eghorn chicks Frohrlng and Wyeno (86) ‘used the
f0110W1ng ration: 525 pounds ground white corn, 10 pounds
wheat bran 15 pounds . wheat middlings, 10 pounds meat scrap,
‘f10 pPounds skimmed milk powder, 2‘poun&suealclumfcaryonate,

% pound sodium ehlorideg 100 A,D.M.A, units of Vitamin D per

‘chick per day. : ; | - S

They found that the minimum requirements of Vitamin A

: 1for a ehlek at the age of about elght weeks was approx1mately
e65.A.D MwA ,unlts,per day¢  Practically all chieks depleted in’
)Vitamin A showed marked. ‘ataxia three to. fourteen days ‘before:

’ _complete depletion and death, even- though given an adequate
’lamount,of Vitemin D, There was & wide variation in the number
offdeye‘ehieksflived oﬁ the Vitamin A free diet, no doubt due

| to variation in storage from the egg from Wthh the chicks
hateched, which in turn was dependent on the storage or ration
- of the parent fowl.f The addition of carotene or Vitamln A to

" the carotene, and Vltamln A free ration delayed the appearance
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of defloiency symptoms and prolonged life in a rather definite |
relation to the amount of carotene or Vitamin A added to the
| dlet
Sherwood and Fraps (214) fed ratipnsgcgntaining 56,,160,1
150 and ZOO Sherman»Munsell (206) units pet 100 grams of feed
fto chlcks hatched from eggs produced by hens re091V1ng rations
conﬁalning 510 440 and 560 units of Vltamin A rer 100 grams
of feed During;the first few weeks of the experiment the
”mortallty of the chicks from the hens on the lowest Vltamln A
~ level was so high that the different levels of Vitamin &4 in the
f*chick feeds studled did not show the results on chick mortallty‘f
thaﬁ theyudid;on the ehxeks from. the hens on the higher leVels;
The mortallty was lower in the case of the chicks from the
; hens reee1V1ng 440 and 560 units of Vitamln A per 100 grams. of
_feed as the amount of Vitamin A in the ration 1ncreased No
eadvantane was shown in the weight of the chicks for the 300
unlts over the;150~units perelOQ,gms,, in the chick rations;
In;anether‘study withUChieksvhateheg from hens receiv-
kingkan adequate‘supply of VitaminkA these same tWO invest-
"figators found that. the mortallty in twelve weeks was as follows.‘
insignificent amount of Vitamin.A - 100% mortallty, 42 ‘units
“fper 100 gms, 41%; 84 units per. 100 gms., 15% and 126 units per
lOO gms.ﬁlz%. The percentage of healthy chicks remaining at
,fthe close. of the experiment was O, 24 72, 83 for the respeeted

191330 :
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‘Récord Bethe and Wilder (181) used a ration eonsisting
‘7of: 58 pounds white corn, 25 pounds wheat middlings, 12 pounds
f fdomestic oasein, l pounds dried yeast pound irradiated |

\yeast (200 D), 1 pound steamed bone meal 1 pound ground lime

‘;stone 1 pound salft.

They found in prophylactlc trials that from flfty to

“one hundred gamma of earotene per 100 gms. of feed were

- required to produoe normal growth and prevent symptoms of

Vitamln A deficlency durlng the first: ‘eight weeks of a chlcks

‘ 1ife. In eurative trials chicks were fed the basal ration for

twentymsix days,,at whlch time a large percentage of the birds

| f‘showed Vltamin A symptoms. They then dlvided the ehicks 1nto
 ‘groups and fed different amounts of earotene or Cod Liver 0il

and found that it required approxmmately flfty gamma of ;

 carotene or 60 to lOO 1nternat10nal units dally of Cod Liver
"611 to produce normal ehicks for seven or nine weeksg of

‘,'supplemental feeding. ; | ,

| In 1935, Schroeder, Higglns and Wilson (202) reporteda

athat ehicks up to nine Weeks of age requlred 6000 internatlonal

~ units of Vitamin A per pound of feed (about 1320 units per

\lOO gm) to prevent clinical and pathological symptoms of

: hypovitam1n051s A, They also reporued that 1200 units of
‘ Vitamln A per pound of feed appeared ﬁo be adequate to promote
'5fa1r growth but that there was.a ten&ency for body welghts to

'increase as the Vitamln A level Was 1nereased.f The~following
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- year these same inveétigators (262) used the same basal ration

© and found 1200 1nternational units of Vitamln A per pound of

feed were. adequate to promote satlsfactory growth, They

suggested that thelr prev1ous hlgh requlrements were due to the

k‘severe leed 1nfect10n that occured amongst the experimental bird s

kThey further noted that the storage of Vltamln A was cumulative

‘ fand bore a marked relatlonshlp to the amount of the factor in

the dlet Unit for unit, carotene and Vltamln A obtained from
‘a~fish oil eonoeﬁtrate were found to:be.utilized‘byethe‘chick
With,equal‘efficieney.

In a study of the Vitamin A,stOrageJOf;grOWing ehicks,k,

: e}‘Helmes .Tripp and. Gampbellf(llﬁ) used the follOW1ng ration.

“2 pounds corn»meal attritlon, 15 pounds wheat bran, 15 pounds
‘ wheat flour mladllngs, 12 pounds ground oat groats, 8 pounds
dry sklm,mllk 5 pounds alfalfa leaf meal, b pounds meat seraps,

5 pounds . flsh meal + pound di calcium phosphate 1 pound

5 ‘oyeter shell meal 1 pound salt.

When O, 5% sardlne 0il was added to the above basal

ration and fed to young chleks the livers of these chicks

. -eontalned 31gnif1cantly more Vltamln A than ‘when 0,25% was

‘added. The amount stored was approx1mately four tlmes more for

‘.the hlgher level., The Vitamln A reserve in the llver 1nereased

~ in the perlod from elght to twelve weeks of age, older blrds

| ' showed wide varlatlons both in egs produclng power end in the

‘ ﬂVltamln A content of thelr livers,
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Working at Cornell, Ringrose and Norrig (185) used the
’follow1ng rations 55 pounds white corn-meal, 25 pounds wheat
flour middlings, 10 p:unds commerclal casein, b pounds dried
‘yeast ‘2% pounds pulverized limestone, 1 ‘pound steamed hone
meal, 1 pound oottonseed Oll kpound.lodlzed salt, 'Vitamin D
f‘was,snpplledfby irradiation. | ‘ | |
| They establlshed the growth response eurre for the ~;
chick to Vltamln A feedlng,ka biological agsay expre381ng
1results in terms of Vitamin A per gram of materlal thus became :
~poss1b1e. ~The assay was conducted by feedlng the test material
bat such a peroentage of the ratlon as t0 induce a growth
~Vresponse Whlch was. slightly, but definitely, subnormal., The
growth results obtalned at elght weeks of age were then applied
fto the. growth response curve and ‘the units of Vitamln A per
";100 gms. of feed de’uermlnede By dividing the number of units
*per 100 gms, of feed by the percent of the test materlal in the
~rat10n, the poteney of. the test materlal in units per gm, was
~obtained. They found that the minlmum Vitamin A requlrement
‘of the chlck durlng the first eight weeks of life was about
150‘U.SfP X- fRev1sed 1934 units per 100 ~gms, of feed,

Holmes, Trlpp and Gampbell (ll?) obtained embryos and
fyonng ch1cks from dlfferent sources ana determined the Vltamin,&
: stores in thelr livers and unabsorbed egg yolks by means of ‘the
: antlmonyﬁtriohlorlde;reaction,~ From the,elghteenth day of

incubation o %he.fifthuday'after}hatching the Vitamin A
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: content of the liver rose and that of the unabsorbea yolk fell,
'the comblned total from both sources falling slowly.

' At the Unlversity of British Columbla Biely ana
Ghalmers (16) fea chlcks the diet of Elvehjem and New (75) +
 wh1ch 1rrad1ated yeast was added, Once a week a dose of the.
Us S Pharmacoyeela Reference Cod leer 0il was fed directly
kjylnto the crop of each bird in an amount to supply 0, 25 50,

‘75 and 100 1nternatlonal unlts of Vltamln A daily to the
fVarlous groups., ‘The-group,reoelving no oil showed symptoms of
,Y;tamln,A-defioieﬁéytafter three Weeks;,these,bécamefmarked;at’
'fivé weeks aﬁd‘after eight weeks all the birds were dead, Of
‘thefremainder those receivihg 25 international units daily,
‘ began to lag. in growth and t0 show some symptoms after four
 weeks., The remalnder grew well and showed no symptoms. - They
reoncluded that 75 1nternat10na1 unlts daily were sufficient
to ensure normal growth and protect chieks up to eight weeks
.against any symptoms of Vltamln A defloiency, 100 units
. appeared. to be above the 1mmediate normal. requlrements of the
’chlcks~up to this age. When yellow corn was substltuted for
7the;Whiﬁé;GOInf(59% in the ration with the omission of Cod
kLiver 011 they found approx1mately the same performance as
kthe dose of. 75 1nternat10nal units dally had glven.

Record Bethke and Wilder (182) used the Dbasal diet of

 ‘; Elvehjem and Neu (75) in which ;rradlated,yeast supplied 4,000

 ffinternatanal>units;of,Yitamin D,per lOO‘grams of feed. They
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conducted both Prophylactic type and curative type of feedlng.
’The prophylactlo trials showed that, under the experimental
oonditlons employed it required a minimum of approximately
50 to 100 micrograms of carotene or 80 to 160 internatlonal
unlts of Vitamin A from Cod Liver 01l per 100 gms, of ratlon
for ‘normal growth and the prevention of external and internal
e‘symptems of. Vltamln.d deficiency in chicks to about eight weeks
~of age, The euratlve experiments showed that about 100 micro- i
'grams of carotene or 120 to 200 1nternat10nal units of
: Vltamln A from God leer 011 were required every other day to
cure and prevent symptoms of Vltamin A deflclency and restore
good growth in chicks depleted of their Vitamln A reserves to
"vten %o twelve weeks of age, Both types of experiments showed
. that the ehick utlllzed earotene as a source of Vltamin A,
ofThe response of the ohicks to carotene or Vitamin A was aPPTOXa‘
'1mately s1m11ar When equivalent rat units were fed 1nd1eating\
ethat the chick and rat utilize carotene as a gource of

| Vltamln_A in the game. order, Theyﬂpresented deta toJShow that

"",;‘~£hekVitemin Akrequiremeﬁtsﬂof chicks inereased with age. In"

kkconelﬁsion they’pointed out that these experiments showed no
, smgniflcant storage of: Vltamln A in the llvers of the chlcks |
untll several tlmes the mlnlmum level, as determlned by growth
and external and internal symptoms was fed |

At the Western Washlngton Experlment Statlon Bearse

and Mlller (15) used a basal ration oons1st1ng of: 44 pounds
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ground whlte eorn 15 pounds ground wheat 15 pounds ground oats,
‘~1O pounds mlllrun 7 pounds meat scrap, 7- pounds powdered
skim milk, 1 pound oyster shell flour, ® pound salt, Vitamin
D was supplied by 1rrad1at10n.

: They supplemented this ration with varying levels of
dehydrated alfalfa for a twenty- four week growing perlod
These levels furnlshed approx1mately 87.5, 175, 350, 700 and
1400 s,herman-Munse:Ll (206) Vitamin A& units per 100 gms. of
rafion. The results ‘based on avitaminosis A mortality, growth

and. liver storage of Vitamin A showed that 175 Sherman=Munsell

i k;Vltamln A unlts per 100 gm, of ration met the Vitamin &

requirements of the chicks. Feeding efficiency. waS‘greater in

,the lots receiving the hlghest levels of Vltamln A during the

k7;pf1rst elght weeks of the trlal. This difference was not so

great for the entire twenty four Week period, There was &
¢lose correlatlon between mature body weight and total feed
_consump‘blono

In summarizing the flndlngs of many 1nvest1gators
Dr. Parkhurst (174 a) stated. ‘"When feeds are mixed previous
,to the. feedlng perlod the minimum Vitamin A requlrements of
chickens %o eight weeks of age Would appear to be in the

,vielnity,of;l50 U.s,p, V;tamin A units per 100 grams of feed

}‘1si(680 units,per poﬁnd)‘andvthe‘praetical requirement for satis-

ﬂ“>ffaotory growth and liverfstorage\abeut 300 units per 100 grams
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of feed (1362 units per pound. For chickens to thirty weeks of

age, bthe requirement may be double, Turkeys require at least

double the amount of Vitamin A in their ration as do chickens”,



103

1Re§uirements of Hens For Egg‘Production

e Bethke, Kennard and Sassaman (15) reported in 1927 that
;$he fat gsoluble vitamin content of hen' 8 yolk wes greatly
klnfluenced by the amount of these substances present in the
 rat1on and by‘enV1ronment of the laying hen. The yolks of
ieggs laid by hens which had - access to a blue»grass range were

approx1mately flVe times ag potent in Vltamln A& and ten tlmee

o as active antlrachlt@elly as the yolks of egegs laid by hens

: Wthh recelved the same basal diet but were confined 1ndoors.
| oWhen two parts of Cod Liver 011 were added to the maeh ﬁhere

[Was i flve fold inerease in the antlraehltlc and fat scluble
‘JA.Vltamln content of the egg yolks, | k '

' ‘ Holmes, Doolittle and Moore (115) found that the
addltlon of fat soluble V1tam1ns o “the poultry rations deflnlw'
tely stimulated egg produotlon0 The average welght of eggs,

;produced by the 011 fed blrds was sllghtly greater than that
of the egge proauced by the control birds, In this eXperiment
"they observed that the percentage of eggs contalnlng blood
clots decreased con51stently with the increase of Cod leer
LOll in the experlmental ration, The number of eggs dlecarded
’durlng 1ncubat10n elther from being infertile or on account of
~conta1n1ng a weak germ was less for the 011 fed group. ;The
number of chlcks obtalaed and the v1abllity of these chlcks

“was greater in the blrds fed the supplement Gontrary to
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| previously observed~cdnditions, the body Weight ef the hlgh’
’producing birds did not deorease but thelr Weivht at the end of th
‘ experlment exceeded that of the controls, As the experlment

‘ progressea the fat soluble vitamin potency of the eggs from the
experlmental birds incre&sed Wwhile those from the controls
”decreased. No detectable flavor was 1mpabted to elther the eggq‘
‘or the flesh of the birds fed “the Cod leer 0il. They
deflnltely concluded~thatfsupplementary fat‘soluble'vitamiﬁ
’feeding 1ncreased the reproductlve performance of domestic -
kfowl | o

‘A | ‘From fhe work of Sherﬁoed and Fraps (211) in 1938, it
kWas found that yellow corn alone was not sufflelently hlgh

‘eto supply enough Vitamin A to pullets for egg productlon. They
:estlmated that pullets required for malntenance alone, about
105 unlts of Vitamln A potency per day, or 33 unlts ver pound

7per day, (thls 1s eight tlmee the estlmate of 4 units per day

','fper pound for malntenanee of growing rats) Ordlnary alfalfa

‘was found not to supply enough Vitamin A to produce eggs of

v ;kUh1gh potency,ln‘thls vltamln, even if fed;at 8%~of the,mash

They calculated that one unit of Vitamin A in the egg reguired
6 3 units in the feed at 270 units, 5.7 units at 536 units, |

“e;~and 4.0 units at 444 units in the feed.,

The following year Sherwood and Fraps (212) published
g,fﬁr%her,éatabOn'theksubject. In this~experiment‘three rations

were used:
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No.2 |  No. 2

20 pounds yellow corn , , B0 pounds yellow corn
20 wheat shorts T 50 " white corn
20 " -~ wheat bran

20 ¢ ground oats

20 " meat and bone serap

No. 53

A1l White Gorn
L These rations were fed to groups of rullets that had
kbeen normally fed ; At the elose of the, experiment the yellow g
corn’ group (No. 1) averaged 25% more in welght than the white
corn group (No. 5) and the mlxed corn group (No. 2) weighed

l?% more than No. 5;‘ These ratlons ‘had a deflnlte effect on

o the number of eggs lald after the experlment had been in pro»

| gress two months° Durlng the last four months of the experiment
the yellow corn group laiad approx1mately 65% more eggs than
E dld the white oorn group and the mlxed corn group laid 35% more |
- eggs than dld the Whlte corn 8roup, The Vltamln A eontent of
the eggs showed deflnltely, as the experlment advanced, that
“none of the ratlons contalned enough Vitamin A for high egg
produetlon. The Vltamin A content of the eggs. from all of the
V;groups became lower as the experiment progressed They con-"

cluded that it requlred approx1mately X, 365 units of Vitamln A

i”flj (Sherman~Munsell unlts) per day for a laying pullet for malnn

tenanee and production of eggs at the rate of twenty eggs per

?fmonﬁh
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Russell (195) also observed that the Vitamin A content
of eggs from hens receiv1ng yellow corn wasg greater than those
£from hens receiving white corn. He found that 47 to 48% of
;the,VitamineA.fed~Was contained in the eggs,

Infl934 Sherwood and Praps (215) stated "The percent-
age of V1tam1ﬂ recovered in the eggs is greatest at the‘
’lowest level and least at the hlghest level of feedlng. Thls o
apparent percentage recovery is not oorrect because the

Q_Vltamln A stored by the hen 1s not taken into account and some

S of the Vltamln A or carotene fed is uged for malntenance Whlle

"some of it 1is probably not dlgested” ‘They found ﬁhat on the
:average 1 unlt of Vltamln A 1n the egg requlred 4,7 unlts in
) the feed The unlts of Vitamin A requlred in the feed for

l unlt in the eggs decreased as the average number of ‘units

. fed ;ncreases.~ | | | |

Blsbey, Appleby, Weis and Cover (20) conducted an

i i1nvest1ga‘t10n %o correlate the Vitemin A act1V1ty of egg yolks

with the amounts of carot1n01d plgments they contalned They
observed that there was a,dlstlnct gradation-of the cOldr in
ﬁheeegg‘ydlks ffom the hens on thefdiffereht'ratiene and that
~gthe eolor of the yolks on a given ration was unlform. 'They ,
,concluded that whlle there seemed o be some relatlonehlp
"Ebetween color and growth the Vltamln A activity of egg yolks

" could not be explalned on the ba31s of the carotinoid‘

ka:";VP:Lz%'Inez:d,s they coatained They also Hoted that the Vitamin A




107
,activ1ty of +the ‘egg yolks wa.s dlrectly dependent upon the
_,ratlons of the hens, - ,

" Mohler (157) claimed that the optlmmm level of God
leer 011 feedlng in the dlet of ehickens wag between 1 and
2%, If thls level was exceeded “impairment in egg productlon
and hatehablllty was. llkely to occur. | | B
|  The work of DeVaney, Litus and Nestler (51) showed
that extra Vltamln D as 0, 5% v1osterol (160 D) in the diet
eeof chlekens ‘receiving graded amounts of Cod leer Oll had no
effect on the transfer of Vitamln A to the egg. Eggs from

pullets recelving 87‘of God leer 01l were several times

‘e,«rlcher in Vltamln A than those from pullets rece1V1ng lower

e,doses.

| Russell and Taylor (194) determlned the Vitamin A con-
,tent of the egg yolk and the dlet by the method of Sherman

| L;and,Munsell with a referenoe 0il as a standard. The resulis
3were‘eipressed infU~SfP:fl954’(internationa1) units by refer

~~‘ence to a. curve of response. They found ﬁhat W1th varylng
| egg production and 1ntake of Vltamln A, the output of Vltamln A
in the eggs, expressed as a percentage of intake, varied from

11 to 52%. |
| In 1935 Sherwood and Fraps (215) estimated that hens.

) »1ay1ng per year one hundred and flfty eggs, high in Vltamln A

’  V;7,potency requlred approx1mately 600 Sherman«Munsell blological

'“unlts of Vitamln A.per day, or 7 5 units per gram of feed.
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| eKOenig,‘Kramer‘and Payne. (155) found that the eggs of

pullets 1a1d in the winter about the fourth month of egg

e, productlon, and tested by the method of Sherman and Munsell
‘ contalned about 25 Sherman~Munsell units of Vltamln A per gram,
whether the blrds Were of high or low productiV1ty. Autumn
deggs produced near the end of the first year eontalned 20 andj:‘
83 ShermanaMunsell units ver gram when 1a1d by birds of high
“and low productivlty, respeetlvely.] They eonclude that egg
produetion made pronounced nutrltive demands upon the hen and f~ :
that the reeognlzed demand for Vitamln A was more pronounoed
_the greater the number of eggs produced and the longer the
d laying perlod.inf" G , ,
‘  ~‘ Worklng at the Western Washlngton Experiment Station,
Bearse and Mlller (14) found that eggs from hens rece1v1ng
\ different qnantltles of Vitamln A in their ratlons contalned
:dlfferent quantities of Vltamln A in thelr egg yolks 1n ;
nproportlon %o the amount of Vltamln in the ratlon, @hlcks '
'hatqhed from such eggs llved and grew on Vltamin A defleient

,ratlon 1n proportlon to the amount of Vltamln A in the breeda_

‘ }1ng hen ratlon. ihey concluded that 500 Sherman-Munsell unltsn

of Vltamln A per 100 gm. of feed in the breedlng hen ratlon :

' nsupplled sufflcient Vltamln A for max1mum hatchabllity,
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 EXPERIMENT AL

‘EXperimenttNo. 1,
| Prellmlnary experlments conducted at The Un1vers1ty
of Brltlsh Columbia by Wood (266) 1ndlcated that Pilchara 011
- as produced in British Columbla,kcontalned an appre01uble
amount of Vltamln Ay o In fact Wood's experlmente showed that
_one-half on one percent of a sample of commercial Pilchard 011
when : fed in combination w1th a basal retlon free from Vitamin
A, promoted normal growth and development of chicks to eight
k';weeks of ageo ” o

| The purpose of the present experlment was t o deternl
mlne the Vitamln A potency of a sample of commercisl Pllchard
k~011 in terms of Internatlonal Unlts, using the chick as the
test anlmal. lhe results of this. test were compared w1th those
‘of Blely and Ohalmers (16), who determined the Vltamln A Te- <
lqulrements of grow1ng chicks up to eight weeks of age by feed- |
ing them gradecd doses of Reference Cod Liver 011(251&)
‘ The method followed by Blely and Chalmers was to feed
’;6 25, 56 and 100 unlts of the Reference Cod Liver 0il
once e week with a plpette per orem. The CthkS in the
;exmerlment descrlbed hereln, were fed their Vitamin A supp-
'lement in the mash, but were brooded under 81m11ar condltlons.“'

‘Consequently, the data may be con51dered as com.parable°

,Experimental Methods: '

;'Deygold~eingle comb White Leghorn cockerels were
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placed in b ttery brooders under the same condltlons as dese

crlbed by Blely and Chalmers (16)."These cockerels had beén
separated-fromuthe pullets by'the’Japanese method off“chiek
‘séxing";u The besal ratiou fed toithe chicks consistedIOf 59
pounds ground white corn, 25 pounds wheat mlddllngs, 12 pounds
‘crude caseln, 1 pound calclum carbonate, 1 pound c3101um phos-k
phate, 1 pound salt, ‘end L pound 1rrad1ated yeast (70 D) The
\;chemloal comp081t10n of thls ration was as follows' Protein.
20.84%, Calcium 1. SBA, Phosphorus,;54%. | |

lhlS basal ratlon is 31mllar to that used by Elvehjem

'] and New (75) in thelr v1tam1n determlnatlons, except that 1rr»k

‘adiated yeast - (?O D) served as the source of Vltamln D in the

7present experlment in place of ultra—v1olet light as used by
 the above 1nvest1gators.: It dlfzers from~the basal ration
used by Hert, Kllne, and Keenan (1013) for the’ productlon of -
rickets 1n chlcks, in that the yellow corn is repluced by
ybwhlte corn, and the yeast is changedt o} 1rrad1ated yeast°
| k The basal ration was supplemented with Pllchard Oll‘i
as follows" : . ﬁ , |

Lot I  1/8% Pilchard 0il  No. 1
Lothi ‘1/4% : Pilchardeil~ CWo. 1
~, ot IIT 1/2%;' Pilchard 0413 - ’1\7{0‘.1 1
Iot IV 1/4% Pilchard 0il  No. 2
Lot VO 1/2% God Liver 0il
Lot VI Control
Wesson 0il was used to dllute the 1/87 and 1/47 lots

of 011 up to 1/27‘by weight while the controls received 1/27



’ ; ‘ 1il;o
Wesson Oilionly‘ :
‘Results: 1; | ; ;
Lhe average weekly welghts of the various lote of
f cthkS are glven in Table No. 1, and the growth curves are
shown in Plgure L. o ; ;

‘ It w111 be readlly seen fvom Table No. 1 that the
“control chicks began to lag in growth between\the second and
fthird week From then on the dlfference in hhe welght of the

control chlchs, and those which recelved Vitamlh A as contalned

in Pllchard 0il (1/4% or 1/2%) or Cod Liver 0i1l (1/27),
became progress1vely greater as the experlment neared complets
klon. 1h1s lu strlklngly shown in Flgure No. 1. Furthermore,,

the control chlcks showed dlotlnct symptoms of av1tam1n031s A ‘
k;at two weeks of age, and characterlutlc 1e81one at the time of

 death which usually followed three to four days after the first
appearance of symptoms. In every instance, the. control chicks -
,showed considergble loss of welght before death. The control
ohlcks were all deed by the end of the elghth week,

From Teble No, 1, it w111 be seen that the -groups of -
kCthkS which recelved varlous amounts of Pllchard 0il or Coa
’ leer 011 grew at & farrly unlform rate durlng the first four

weeks of the experlment,, After the fourth week, the group

- Whlch received I/ZA Pilchsrd 0il No. 1, nnd the group whlch

~ recelved 1/2% Cod Laver 011 grew faster than the groups ‘which
‘ ‘recelved either 1/85 or 1/47 Pllchard OllNo. 1. At elght weeks

’Tof age, the average welght Ol the chicks which were fed 1/4/

: Pllchard 011 No. 1 exceeded the everage welgbt of the Chlcks
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 59si

~Eigure No;wl"f

560
i : Growth curves of chicks which

. - received various supplements
1525 ~ of Vitamin A, ; g

‘ 1. 1/6% Pilchard 0il #1., , / |
2, 3% Pilchara 01l #1.

14856 3, aq Pilohard 0il #1,

490

11;42O‘» 4. 3% Pllchard 011 #2.‘
5. 3% de Liver 0il,

;-385’ 6. Control,

|

L350
1515
| 280

1245

Average Weight in Grams

4+ 210

1.

l1i7s
| 140

 -,105
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which were fed 1/2/ Cod leer 0il. It shoala be noted that the

averagevvelght of the chlcks whlch recelved l/A7 of Pllchard‘
0il No. 2 were only 9 grams less than the average weight of
Jthe chicks which recelved 1/2/ Cod Liver 0il and also, only
20 grams below the average welght of the chlcks whlch.were fed
1/2% Pilcherd 0il No. 1. ;

With the exceptlon of a few chicks whlch ‘received 1/87
of Pllchard 0Oil No. 1, none of the chlcks showed any ev1dence~
of avitaminosis Al Asygudged externally, the chicks appeared :
to be qulte normal and healthy in everyx*esPect Post-mortem
exomlnatlon of a few chlcks in each lot dld not reveal any
1ndlcat10ns of Vltamln A deflclency in the 1nternal organs.

| lhe statlstlcal analyses of tne deta are glven in

Tables No. 2 and S From these results, it will be seen that 
the dlfference between the average. welght of the chlcks whlch
‘recelved the basal ratlon supplemented with either 1/27
,Pllcherd 01i1 No.,l or 1/2A Cod Liver Oll and the chicks which
received. 1/BA of Pllchard 011 No. 1, was statlstlcally'signis
»f1Cant.» Furthermore, 1t is 1mportant to note thqt the
dlfference between the average welght of the chlcks which were

fed 1/4% Pllchard 0il Yo. 2 and the chicks whlch were fed l/87

'ePllchard 011 No, 1, was statlstlcally s:r.gnlflcanto As previous-

ly‘stated it is of con31derable 1mportance to note that the
average welght of the CthkS which recelved 1/4% of Pilchard
"0il No, 2 compared very favorably with the average welght of

jthe chlcke whlch recelved elther 1/2% PllChaId 0il No. 1, or
’1/2/ Cod leer Oll,, The results of- the et tlstlcal analy51s
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{rable No. 3) show that the difference in the weights of the

chlcks whlch were fed 1/2/ Pilchsrd Oll No. 1 or 1/47 Pilchard

-~ 0il No. 2, or 1/2% God leer 011 were deflnltely of no .

statistical 51gn1f1cance.

Discussion: ; , :
At the end of elght weeks, the average'wmlght of the
chicks. that recelved 1/2% PllChard 0il Noo 1 or 1/4% Pllchard
~011 No. 2 or 1/2/ Cod Liver 0Oil compared very favorably with
-those reportea by Buckner ete al. (24a) Rlngrose and Norrlsk
”’(185)‘and RecOrd et.al. (182)~ | ,

| v Accordlng to Record etﬂal, (182), at the end of elght
weeks the averagevvelghts of chicks which were fed various

amounts of Vitamln A supplement per lOO granwvof feed were as

follows: e , o
e o ; ' ~Aver. Welght
; Supplement B T o R Gm.
,4o~ani£g as ¢.I.0. o : S04 5.4
80 v wgro. 532 8.6
160 v ¢.L.0. - | }  564 13.8
a40 c..0. N - 581 13.0
520 0 R AT TR B 542 9.9
1%‘pou1try © 0.L.0. (700 units) Bt 7.7

Records et.al data show that the ohlcks which receiv-

i ed 160 units of Vltamln A per 100 grams of basal ‘ration grew

a8 well as the chlcks Wthh received 240 cand o2O un1t°~respect-

'~1vely. ; urthermore, the average welght of the chlcks wh1ch

s *

' rece1ved 160 unlts was equal to those whlch recelved 1A Cod

: leer il (700 units)  Since the chicks Whlch,were fed 40 or
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80 units of Vitamln A showed symptoms of av1tam1n051s A they
concluded that 160 units of Vitamin A per 100 grams of feed
may be considered as the mlnlmum requlrements of chlcks up to
jelght Weeks of age. '

| The average welght of the Chlcks Whlch were fed 1/2%
Pilchard 0i1 No, 1, or 1/4% Pilchard 0il No. 2, or 1/2% Cod
;leer Oll (Table No. l) were alyost 1dentlcai with the average
Welghts of the chicks of the above mentloned 1nvest1gators.
It may be concluded therefore, that the chlckq Whlch were fed
1/4% Pilchard 0il No. 2 or 1/2/ Pilchard 0il fo. 1 recelved at
yleast 160 unlts of Vltamln A per 100 grams of feed frcm their
reSpectlve quantltles of Pllchard 011. Since 1/4% Pllchard
0il No. 2 produced a rate of growth equally as good as 1/27
Pllchard Oil No. 1, 1t Would appear that the Vitamin A.potency
of Pilechard 0il No. 2 was greater than that of Pllchard 0il

o No.i. o | | |

T Since 160 units of Vitamin A per 100 grams of feed is
considered’by eeveral investigators to be the minimun requ1re=
ment of chiCks up to eight wesks of age, it would appear that
1/4/ of =3 flsh 011 contalnlng a mlnlmum of 600 unlts of Vltamln
’A per gram of 0il {minimum requlrements of U S. Pharmacopea)_
would meet the mlnlmam requlrementc of grow1ng chlcks to elght
Weeks of age. The results of thls experlment show thsat 1/47
of Pilcha erd 01l No.2, and 1/2% of Pilcherd 0il No. 1 amply
suppllea the above requlremenus. It may be concluded there-
fore, that the Vitannn A cnntent of the two samples of Pilchard

0il used in thlS 1nvest1gat10n ranged between 300 and 600 unlts
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of Vitemin 4 per gram of oil:
| Possably another way of estlmatlng the Vitomin 4

~potency of the Pllchard 011 used in this experlment is through

estlmqtlng the total feed consumption and the amount of Pllch-

aré 0il contalned therein. Unfortunately no record was kept
kof the amount of feed consumed by each group of chlcks.

However, the data reported by several investigators (126a),,
~(127a), and (128a) show that normally developing White Leghorn
CthkS w1ll consume 3.6 bounds . or 1,634.4 grams feed up to o
, elght weeks of age, ihls amount of feed would contaln 4, 086
grams of Pllchard 011 when 1/47 is added or 8.172 grams when
1/2% is addeds Slnce the basal ration was practlcally free
from‘Vitamin 4, the chicks must have of necessity derived their
' Vltamln A requlrements fromi:heLAbove amounts of 0il in the

‘1/4/ and 1/2% groups. ‘Since, as has been shown before, g

‘vratlon must contaln 160 units of Vitamin A per lOO grams of

: ffeed to promote normal growth of single comb Whlte Leghorn

‘chicks to eight weeks of age, the totsl number of Vitamin A
units supblied in the retion to this age Weuld haﬁe fo be
apprOXimately 2615;O4kuni£s. ~In view of the.nermal rate of
grthh attained by the chicks which received either 1/4%
Pilchard 0il No. 2(4.086 gm. 0il) or 1/2% Pilchard 0il No. 1
(8a172 gm. 0il) it~may be coneluded thatfthe ebove number of
1unite were sﬁppiied in the respectiVe emounts of oil. ‘If

4, 086 grems Supplled 2615 04 unlts of Vitamin A, then iR gram
“of Pllchard 011 Nos 1 would contaln 640 units of Vitamin A,

'Slmllarly the L/z% Pllchard 011 No. 1 Would contain at least
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320 units of Vitamin A per gram of 0il,

Biely and bhalmers (16) nave shown that the minimum

i requlxements of grow1né chlcks up to eight weeks of age are

50 units of Vitamin A per daya On this ba81s the chicks in

' the present experlment mist have .received durlng the entlre

per10d(50x56) 2,800 units of Vltamln A, In accordance with
the method of celculatlon shown ebove, the sample of Pilchard
011 No. 1 would have contalned 343 units of Vitamin A, While
the sample No. 2 Would have contained 685 unets of Vitamin,A,

| Vhether the Vitamin A potency o; Pllchard Oll is
estlmated on the ba81s of Record et. al.,(l84) mlnlmum requirem
ment: per lOO grams of feed or Blely and Chalmers (16) minimum'
requlrements of 50 unlts per day, the results are in cleue ,
agreement i.e. the Vltemln A antent of Pllchard 0il No. 1'ie
ovez 300 unlts and Pllchard 0il No. 2 over 600 unlts,'

Both methods of calculatlon show that Pllchard 011

‘No; 2 would meet the ‘minimum requlrements Tor Vitemin A as

spe01f1ed by the- Unlted States Pharmacopoela for Cod Liver Olla
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Experiment 2.

| - The baeal ratlon used 1n the tests; in hxperlment 1
 was 31m11ar to that employed by Elvehjem and New (75) in thelr
?studlesvof V1tam1n As It con31sted of 59 pounds of whlte corn,
25 pounds of Wheat mlddllngs, 12 pounds of casein, 1 pound

, calclum carbonate, l pound ca101um phosphate, 1 pound- salt and
-1 pound 11rad1ated yeast, Because of the faot thet whlte corn
 1o very expen81ve and not obtalndble in- Canada, it was deemed
necessary tocievelop a ratlon consisting of oommonly avallable
Vitamin A~free gralns. For this purpose, & ration 51mllar to
that used by Frohrlng and- Wyeno (86) was compourided and & pree
‘llmlnary test‘conduoted, Unfortunately a,lerge peroentage of
the experlmental chicks developed slipped tendons. kConeeqaent-’
k7ly, the ration had to be discarded.

At the time the present experlment was in progress
ethe cause of sllpped tendone Was not knowno It was generally
libelleved then that an 1mproper balanoe of 03101um and phosphor-
‘ous was mainly respon81ble for the occurrence ol Sllpped tend-

. ons. however, several 1nvest1gators have since shown that 10

',‘ to 207 of ground oats, added to a ratlon which ordlnarlly 1nn

v'duced sllpred tendons, tends to prevent or’ dlmlnleh their occm
Urlence. For thls reason, 1t wae de01ded to. 1nclude 16% oats
krln ‘the ratlons used 1n thle experlment and modify the ca101umw
‘phosphorous ratlo by u81ng various amounte of milk and meat.
,The lutter also prov1ded the anlmal proteln 1n the ratlon,
'1netead of casein whlch was used in the ratlon of the first

experlment° ,Caseln, unfortunately, contalns a variable, but
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appreciable, amount of Vitamin A ‘and therefore » is not quite
sultable for use in a basal ratlon for Vitemin & experlmentsg

To obtaln further 1nformat10n on the re81dual amount of Vita»
,mln A in caseln, 1t was d601ded to compare a basal ratlon |
contalnlng caseln Wlth other ratlons contalnlng varying amounte
lof mllk and meat. Lhus the rations used in the present ex-
perlment varled 1n thelr calc1um and phosphorus content and

also in the source of anlmcl proteln, The percentage of

: Calclum amd Phosphorus in. the various ratlons was a8 follows:

Ration R Calc1um %o Phosphorue'%
Wo. I 1,26 h  0.628

No. II - - 1.579 R 00699
No, iIIf‘[‘ , 11;865~\:’ o "f0,8557
Mo, IV o, 978 - :0’608

All ratlons contalned oats for the preventlon of
sllpped tendons, whlle none conta&ned whltecorno

TAble No. 4 shows the varlous ratlons that were used

| in thls experlment, It Wlll be seen that ratlons i, II, and

 ‘III contalned l7d pounds of animal protein by welght@ Rationh

No. I contalned 125% powdered sklm mllk and 5m meat scrap,

TRaiion NOVII‘ contained 10% skim milk, and 757 meet scrap.ﬁﬂ

Ratlon 1\Toa III contalned 5% mllk,‘ohd lOﬁ meat scrape Ratlon

,No, v contalned 127 COMMGTClal caeeln only.

pExperlmental Methods

o ﬁayaold 81ngle comb Whlte Leghorn cockerels were

' obtalned from a local hatchery and d1v1ded inte 16 groups of

25 chlcks in each., At 24 hours of age, the chlchs were placed
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'1n four-tler battezy brooders, sach tler being 24 x 60 inches
and divided 1nto two equal sized compartments. One oompartmentd
in each tier ountalned a heatlng unlt of threefcaroon Tilament
lamps, / k k | |
| The four basal ratlons used are shown in Table No. 4.
Lach basal ratlon was d1v1ded into four lots and supplemented
w1th varlous amounts of Vitemin A. The amount of supplement
~,added to Lot I was 1/47 of Pllchard 0il; Lot 2, 1/27'Pllohard
, 011 Lot 3, 1/ Pllchard 0il, and Lot 4 served as the oontrole
' Wesson 0il was used todilute the 1/4% Pilchard 011 up to 1/27
fby welght in order toeissure thorough m1x1ng of the oil in the‘
c mash. One half pezcent Wesson 011 was added tothe control
ratlonsoj The respective amounts of 011 were mlxed into the
'k‘kmash and run through a flne-meshed sieve.
| Mash and wager were constantly ayallable to the CthkSo
A time clooL controlled the number of hours of art1ﬁ1c1al llght
‘\that the chicks reoelved, vltowas set for a twelve-hour day,
kfrom6OOAM,t0600PM, | |

At the end. of the experlment, several chlckswere
éxamlned to determlne the percentage of asb 1nf;he tlbla fibula.
,1he average ash analymq proved to be over 45%, thus’ 1ndlcat1ng

’normal bone calc:lflcatlon°

d' ,kResults.

The awerage weekly welghts of the chloks in the"
varlous groups and ratlons are glven 1n iables Noo 5 and No. 6,
'and the growth ﬁurves, 1n Flgures 2 to 9, 1ncla81ve° 'The

mortallty of the control groups is shown ‘in Table No. 7.V
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The growth rates of the control chlcks are in accord

W1th those of hlvehgem and Neu (75), and Blely and Chalmers(16)
| By the end of the thlrd week av1tam1n081s A symptomst

were observed amongst the control chlcks Ied Ratlons No, I;;
No II, and No. III ‘The chicks fed Ratlon No. IV did not show
symptoms untll the Iourth week, - By the fifth week all control
chlcks showed deflnlte symptoms end were unsteady ont:helr
'feet, and crouched on thelr haunches. In advdnced stages, the
’chlcks Were found lylng on one 51de with thelr heads fallen
.forward. The. feathers were very ruffled and the beaks and
1shanks Were w1thout any plgmentatlono, In spite of being in a
‘weakened condltlon, the birds made con81derable effort to eat
fand drink, but they all lost welght however, before dylnge

In all ratlons used, a condltlon was noted in whlch
, feed adhered to the beaks and polete of the control chlcks, and

the chlcks Whlch recelved 1/4%. of 011. It was necessary. to

 remove thls dry, ‘hard accumulatlon at least two or three tines

5a Weeko At four weeke of age, ‘some of the chlcks showed a-
rl@teral dlsplacement of the mandlbles, while din others,,the
upper and lower m ndlbles becume permanently curve% The
_cause of thls condition was, 1o doabt due to an 1mpalrment of
?the mucous secretlng glands of the mouth 1nduoed by a lack,of
”Vltam;n A in the rat;on." -

No typieal ophtnalmicflesiOnS were OBserved,’yet Sev-
eral“ohicks shg%d‘slight soreness eround theeyeso These ob=

‘servatlons are in agreement w1th Elvehgem and Neu (75)
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All chlcks that died durlng the course of the ex-

1periment were autOps1ed and the results or flndlngs recorded

(1able 7). In a number of the control chicks the renal tubules
~,Were greatly dlstended and the kidneys fllled with accumul-
vetlons of urates¢ Several control GhleS, however, exhlblted
ataxia, Wlthout any visible acoumul tlon of urates in the yur-
'1nary tract. ‘he chicks still 11v1ng on the control dlets at
‘the end of the eXyerlment (8 weeks) were killed and post~
mortemed. The two chicks 11v1ng on Ration No, II, end one oni
Ration No& III, showed urates in the kidneys dnd ureters, and

: their general appearance and condltlon 1ndlcated that they

‘would have dled probably durlng the ensuing week. Those on
fRatlons NO@ I and No. Iv. shoed sllght accumulatlons of urates
in the kldneys, and no douht they would have»d;ed 1n‘one or
';two weeks. |
The Iact that several of the oontrol CthkS llved to
the end of the elghth week would 1ndlcate that the basal ratlons 
‘used in these exnerlments were not absolutely free from Vltamln'
- As+ Such results are in agreement with the flndlngs of other
xlnvestlgators (169) of the four;ratlons used, Ratlbn No. 1
(contalnlng 122ﬁ mllk ‘and 5% mesat scrap) and Ratlon No. IV
(contalnlng 12% commerc1al Ca&eln} apparently had appre01able
amounts of V'ltamlnA0 1here were seven and six chlcks,
frespectlvely, living on these control dlets at the end of the
.e.xperlment° On the other hand it would appe?r that Rations
No. 1T ‘and No.‘ILI (107 and V5% of milk resPectlvely) contalned

ﬂthe least amount of Vltamln A slnce,onlyotwo chicks on Ration
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No; II, and one Cthk on Ration No. III survived till the end
of the eighth week, The survival of only one or two chlcks
on these latter two diets 1s most llkely due to the 1nd1v1cua1
; reserves of Vltamln A in the chick as recelved from the mother
hexn.
The mortallty in thc groups Whlch recelvedkthe varlous
‘ksupplements of Vltamln A durlng the eypezlment Wss less than
~2ga, demonstratlng that the chlcks were brooded under satls-,
‘;fgctory condltlons. ’ | )
Up to four Weeks of age, the chicks in all groups,
’except the controls, grew at an almost unlform rdte. After
'thls, with one exceptlon, the rate of growth of the different
"groups varled dlreotly, accordlng to the percentage of
Pllchard 011 fedo be~some unaccountable reason, the group
S recelv;ngcthe A Pllchard 011 in Ratlon No. I erew faster than
'the,l%;group, Thls varlatlon was notlceable at the end of the
second week of the experlment° As the same sample of Pilchard
_:011 was used to supplement all ratlons, the varlatlon in this
kratlon cannot be attrlbuted to the Vitemin Alpotency of the oil
‘used (See Tables No. 5 and No, 6, and Flgures 2 to 5 1nclu81ve)
| The growth curves of the CthkS whlch were fed the
,varlous basal ratlons, but the same amount of Vltamln A supp~
'lement are shown in Flgures 6, 7 8, and 90 | |
The growth curves of the chlcks whlchtrecelved A% ‘
Pllchard 011 in Ratlons No° I, No, II Noo III ,and No. IV
are shown in r1gure 6,' It will be seen that Ration No. IV '

: (12ﬁ commexclal caseln) produced the fastest growth whlle
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‘Ration No. II (10% milk) was next in order, “The rate of
growth on Ratlons No I (L2i% mllk} and No. TII (7% mlmk) was
prqctlcally the same, although con51derably behlnd thct produc— 

.ed by the other two re.tlons°

~In the case of the chlcks which recelved QA of Plloh—
a¢d 011 in the respectlve rations (Flgure 7) it will be noted
that Ratlons No. I, No. II and No. IV gave prdctlcally the
same growth whlle Ratlon Nos III gave the poorest growth .

In the case of ‘the chicks which recelved 1% of |
Pllchard 011 (Flgure 8) it will be seen that Ratlon No. v
produced the greatest growth whlle the other ratlons were in

the follow1ng order; thlon No; I1; Ratlon No. III and Ratlon,

- No. I producing the poorest growth.

The growth curves of the varlous control groups are
found 1n ﬁlgufe 90_ A study of these curves reveals that at the
end of the elght—week experlmental perlod the chicks on Ration

‘No., I (7 chlcks llVlng) were raplaly los1ng welght whlle those
kon Ration No. II (2 cblcks llVlng), showed a marked decrease

in welght, welghlng con31aerabiy 1ess than the chicks fed
Ratlons No,kl No.o III, or‘NOQ IV. The 1nd1v1aual weekly welghts
showed that the control chiek that llved tlll the end of the
exnerlment on baeal Ratlon No, III, grew at & normal rate. The
rabld rise in the growth curve betweent,he sevenuh and the
elghth week of the control chlcks whlch recelved basal Ratlon 1

_No III ig due to the surv1val of thls exceptlonally large chicks

The chlcks fed Ratlon No. IV (6 chiicks llVlng) showed a gradual
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rise in‘the;grOWth curve. This rise in the growth curve may be
taken as- conclu81ve ev1dence that the commer01al casein used in
, tbls expeflment contalned apprec1able eamounts of Vitamin A k
. The mean body welghts of the dlfferent lots were
subgected to. statisticsl interpretation in Tables No. 8 to No. -
14, inclusive. For the results to be consldered s1gn1f1cent
the dlfference of the two means must be equal to or greater
than three times 1ts probable error,

In all ratlons except No; IV, there was a s1gn1f1cent
dllference between the average welght of the EA and —V'groups
end the g% and L% groups. Ratlen No. Iv, however,'ehowed only
a signlflcent dlfference between the average welght of the %
‘and 1% groups. The fact ‘that in Ration No. IV the dlfference
between the average weight of the $% and the +% groups was nott
‘,k51gn1flcant, 1ndlcated further that Vltamln A wasg present
the commerclal caseln used in this experlmente Thus; the.
 superior growth found in,the~%%'group,pf Ration No., IV may be

: accounted for by the‘assumption that the Vitamin A present in

the oaseiﬁ‘supblemented‘that supplied bvythe Pilchard 0il.
TherevWaskne Signifioantkdifferenoekbetweehi:he~average

weights of the gﬁ and 1/ groups in any of the ratlonso This |
ev1dnece demonstrated that gﬁ of ‘the PllChmrd 0il used in thls
experlment supplled sufflclent Vltamln A to promote gormal~
growth of chlcks up to elght weeks of age. This further stub=

' Staﬂtlated the flnalngs of Wood (266), that / of a good grade
of PllChard 0il- meets the Vltamln A requlrements of grow1ng

kchlcks to eight weeks of age. ~ﬁurthermore, these results ShOW‘
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fthat'nofimmediate advantage Was’derived from feeding an excess
of Vitemin 4, k
The groups whlchkrecelved the same percentgge of
*Vltamln A supplement but in dlfferent ratlons, were compared
statletlcallj in Tables NOo 12 (&%), No. 13 ($%), and No. 14
(1%). o " |
A study of Table No. 12 ($%) revealed that the average
- Welght of the chicks fed Ration No, Iv tcommerclel casein) was
31gn11108ht1y hlgher than the average weight of chlcks fed
Ratlon No,;I (125/ milk). Similaryy, the average welght-of
cbicks fed Ratlon Noo IT (10% milk) was significantly higher
than the average Welght of ‘chicks rece1v1ng Ratlon Noe IIT
(7% milk), ‘end the average weight of chlcks fed Ratlon No. IV
wes significantly hlgher than that of those fed.Ratlon No. III
- These results demonstrated the superlorlty orf Ratlons No. IV
dnd No.~II over the other ratlons.e q1nce it has been shown
above that Ratlon No. IV contalned apyre01eble amounts of .
Vitamin A, thls ration cannot be regdrded a8 & sultable.
Vitemin A-free basal ratlon. _
fable,qu'lu (3%) does not showeany'eignifiCaﬁt
‘difference ihkthereights of the chicks which were fed the
various Tations. Any traCefof Vitamin A that may have peen
present in any of the retlons dld not influence the rate of
growth of these groups as 1t did in the case of the %% groupsc
Such evldence again points out't@evfactwﬁhat when chicks‘up to
eight weeks of age aie giten % PilchardtOil,,theif Vitamin’A

requitements for normal growth are met.
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  The eomparisons of the 1% groups are shown in Table

No,elé;‘,it‘willxbe noted'thatfthe,only‘significant‘difference
\Was that between the‘average*weight of theyehicke fed Ration
Noe IV and the Welght of those fed Ratlon I\To° I. The difference
between Ratlon No. II and Rati om No. I was nearly 51gn1flcdnt,
As prev1ously stated there'was some unaccountable reason for
the slow growth of the group fed Ration No. I with 1% oil as
"COmpered with the group fed %%’oil; It is doubtful ifaahy
significance should be attached to this difference.
Discussionrkk ;k’ ’ ’

It wm be seen from Table No. 7 that, at the end of
the eighth week,, the group fed Ration No. II had two control
‘ﬁc'hi:cks living,n and Ration No. III, only one, and that these
three chlcks showed external SJmptomu of. c~v1tam1n051s A, Slnce
several 1nve tlgators (111) have demonstrated bhat chlcks
show marked veriation in thelr 1nd1v1dua1 stores of Vltamln A
’at tlme of hatchlng, 1t mnay be cuncluded that the variation in
fllvablllty of the chicks rece1v1ng the various: ratlons was due
,not entirely to varying rraces of Vitamin A 1n the ratlons,
“but to variations 1n 1nd1v1dual reserves of Vitamin A in the
:chlcks themselvesc

Since it is apparent'that_traces,,if‘any,fcf,Vitamin
Aﬁin;Rations Nos II and Noe‘III Were thGVSame,,the rate of
: growth‘of thé groups fed'theritamin A supplenent beCOmee the
most important facter fbr‘consideretion, The weights of the
chicks 1n the varlous groups at the end ofthe experlment

deflnltely show that Raxlon Noo II is superlor to Ratlon No.
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I1I in. grewth‘prometing powers.
e ihe comblnutlon of ten pounds of milk and seven aed
;one-hdlf pounds of meut scrqp ‘as used in Ration No. II can,
*therefore, be deflnltely accepted as a satlsﬁactory protein

‘ supplement——practlcally free from Vltdmln A~"in place of casein

for blologlcal teets w1th chlcks°
The growth obtalned W1th Ratlons Ko« I and No. IV is
de01dely greater than that w1th Ration No, II but it has
already been shown that these former ratlons contalned an- apr
‘ reclable amount of Vltamln A, Thus in spite of the increaSed
,grthh obtained these rations c%nnot be recommended for use
in Vitsmin A determlnatlons with chicks. |
| Besides the cost and time 1nvolved in obtalnlpg
V1tam1n A«;ree caeeln by either alcoholic extraction or by
'heatlng in an oven, there is the poselblllty that some of the o
amlno 8CldS may be changed or destroyed in either or both of
ethese'processes, In the event of any such changes taking
.place, it can be readlly seen how aetrlmental this would be to
-grow1ng chlcks.' On the other @and, when a sma;1~quant1ty of
milk, along with a goud grade ofemeat scrap (Ration No, II),
‘is>Subetitueed for«treafed,casein,;the coetkperapoundnprdtein
‘isCIOWered considerably, while at t he same time anikal protein
of highfbielogical\Value is pfovidedoi |
| In order to av01d the 1nfluence of the 1nd1v1dual
reserve of Vlt@mln A, 1tjwould be édesirable to extend the length
of the Vitemin A experiﬁxents from eight to ten weeks, This

extended period would allow the control chicks more time in
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whiCh'tofexhaust their store of Vitamin A,,thuskassuring 10@%
mortality. i | |
| |  Iffthe supply of Vitamin A fed to the breedingks
-stock is not controlled it would. appeer desirable to establlsh
IOI chloks a depletlon period s1m11ar to that used in the rat

tests. While no definite time regarding the most satisfactory

1ength of thls depletion perlod can be suggested here, the idea
"would appeur to be worthy of 1nvest1gdtlono lhe depletion

~per10ds of chicks hatched from flocks receiving dlfferent

amounts of Vit@mln 4 would hqve to be ascertdlned in each case,
kSuch a procedure, if adopted, would lead tc the more uniform
occurrence of av1tam1n031s A symptoms,death of control chlcks,
and more pre01ue evaluaLlon of “the poteﬁcy of Vitamin A
kgarrlers.

Frohrlng and Wyeno (86) suggested thet in Vitamin A

'tests, chlcks from only one brecdlng flock should be used, or

, 1f they are obtalned from dlfferent breedlng flocks, that they
‘be clstrlbuted equallj amongst all”the,groups. The latter
suggestlonfentalls the;ke§p;ng‘of extensive recordé by the;'
’persén or'persons hafching the chicks, and Wpuid tend to

f~increase,the factor of varigbility due to the different

VVidbility of the chicks from the differént flocks. The,idea
of using bnly‘oné'breeding’flock'és a sobrce of éhicks for
Vltamln A determlnatlons would appear to be more commendableg‘
At present, the ch1cks used in- blologlcal assays do not vary |
| only from laboraiory to laboratory, but they also vary Wlthln

a laboratory,-accoralng to the season of the year, qtrcln of
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birds; endéother Conditiohs. In Vitemin A aSSaJs the indis-
crlmlnute use of chlcks from varlous flooks is undoubtedly
respon51ble for the great varlatlon noted in the rate of
~*grwwth and flnal welght of 1nd1vidual chlckso It probabTy
also accounts for some of the varlablllty in the weight of
cthkS Wlthln & group at the end of the test perlode To avoid
such‘varlablllty, it Would‘be necessary to,breed and maintain
a strain of breeding‘stock,gehetioally\pure for'rﬁte of gr0wth;

Slnce ‘the rate of growth and the final average weight

o;kchlcks at t he end of the experlmental perlod are the main
crlterla used 1n evaluatlng the pbtency of- Vltamln A supplements,
it is essentlal that the chlcks in the various grpups should

| grow at & unlform level° To accompllsh thls, the follow1ng
condltlons WOUld have to be assured:

(a) The strsain of ‘birds should be genetlcally pﬁre for’
. rate of growtho

(b) The Vitamin A intske of the breodlng stock should
: be oontrolledo~

{¢) The Vltamln A reserve of chicks should be depleted
~ ~before the actual assay perlod is begun.

o {a) A Vltamln A-free ration that ensures rapid develop—
o ment of avitaminosis A symptoms should be used,

(e) The Vltamln A-free ration in the presence of
-sufficient Vitamin A sould promote rapid,
normal growth.

A{f) The conditions of broodlng and rearlng should be
unlform. ;

With all of the above cOnditions under COmplete ex-
perlmental control, 1t should be p0531ble within four to six

weeks follomlng the depletlon perlod to evaluate with great
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precision the potency of Vitamin A carriers.
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lhe obgect of thls experlment was to compdre the
blologlcal and chemlcal methoda of aesaylng British Columbia
JPllchard 0il for Vltamln A. For this purpose, three samples
) of PllChord Oil produced dt dlfferent stages of the flshlng
~8eason were used. lhus, 1nformatlon was also secured on the
effect of seasonal varlatlon on the Vitamin A content of Pllch-k
erd 0il. | |

011 No. 1 was produced early in the season and 011 No,
2, in the mlddle of the seagon, and 011 No, 3, late in the. |
season. lhese orls were kept in laxge volumes in commer01al
 storage tanks, A sample of each 011 was taken from the res-
pectlve tanks and brought tot he laboratory for blologlcel
‘assaya ; |
A portion of each oil Was'tested bj’the ahtimony‘trie
chloride test (Carr Prlce), and tbe blue unit value recorded,g
"The resulus of thls test showed that 0il No. 1 contalned four
blue unlts, 0il No. 2, two blue units, and Olluﬁo, 2, one blue
runlt. B |

b;EXpérlmental Nethods.~

Day-olo 51ngle comib White Leghorn cockerels were
d1v1ded 1nto seven groups of flfteen chloks each and placed
1n battery brooders as in the prev1ous experlmentso lhey were
B *fed a basal ration which con31sted of the follow1ng 1ngred1ents.
Ground Wheat : ;v  kk58 ,pounds. ‘ '
Ground Oat° '  ‘ ‘k  10 = ﬁ’;
Wheat Mlddllngs 20 o
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 Wheat,Bran;>' 10 pounds
Skim Milk Powder S e
Meat Scfapky‘ G e 73 o
Ground Oyster Shell B 2
Salt LT T pound
' Irrad1aiedJYeast  1 3
L Total 100 pounds

- The amount of Vitamin A.supplement added to the ratlon
 was either 1/8% or 1/4% of each of the three samples of Pllchw
ard 0il. ‘Each 0il was diluted up to l/27 bJ weight w1th |
‘Wesson Oll, whlle the controls received 1/2/ of Wesson 0il
onlys All detalls of procedure were 51m11ar to those descrlb-
,:ed in ExPerlment II.
“‘ReSults:‘i,ir?Lx |
'~"lhe averagekweekly Welghts of the varlous groups are
‘glven in lable No 15. Growth curves of these groups are ShOWﬂ]
~in Flgure No. 10 L |
o A study of the. growth curves. shows that the average
',welght of the groups whlch recelved 0il No. 1 are heavier at
~the end of eight weeks than the groups which recelved 0il No°
2 or 011 Noq 3 or the control. Similarly the chlcks Wthh
were fed ©il No. 2 show hlgher average welghts than the chicks.
whlch were fed 011 No.k5 or the basal ration alone.' It should
obe noted, however, that the amerage welght of the chicks whlchk~
, orecelved 011 No° 3 was only sllghtly higher than the average

welght of the control chickss
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-~ The control chicks showed the. early symptoms of.

av1tam1n051s A at three weeks of age. On post-mortem examln-
~atlon, cons1derable acoumulatlons of urates 1n the kldneys and
"ureters were observed. 'There were only three chicks living in
ithls group at the end of the, exnerlment, These three ohicke
‘owere kllled and examlned 1nternallye ihey showed enlarged

‘kldneys contqlnlng large dep051ts of urates. Keratlnlzatlon

; _of the eplthellal tissue of the resplretory tract was. observed

% om several of the . control chicks that died during the course of

‘the ex_nerlment° The fact that thre e chicks surv1ved to elght
n weeks of age on the control dlet may be due to late hatchlng
k(autumn) and’ to the large stores of Vitamin 4 that they could
f:es a consequence, receive from the parent stock at that tlme.

| Wlth the exoeptlon of the chloks Whlch were fed 011
"No. 3 there were no external symptoms of Vlt@mln A deflclency
in any other groupsq The chicks which recelved 1/8% 0il No. 3
showed dlstlnct symptoms of av1tem1n081s A at four weeks of
’fage.‘ At the termlnetlon of the test at elght weeks, 50/ of
,ﬁthese chlcks had dled, On post mortem,examlnatlon, accumulatu
ions of urates were found in the kldneys and ureters of these
_gchlcks, At the end of the experlment, sever%l of the CthkS
that were still living in thlS group were selected for postm
mortem examlnatlon. lhey,too, ohowed typlcal av1tam1nosis A
kle810ns of the kldneys,; The symptoms of Vltamln A deflclency
in the group fed 1/4% 0il NOo 3 were not so pronounced as those
found in the gnoup which recelved 1/8% 0il No. 3. | |

Lhe.statlstlcal analySlS of thesaverage mean weights
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: of the different lots of chicks are given in Table No. 16 and

the s1gn1flcance of the dlfference between these welghts in

, Tables Noe 17 and No. 18. A study of the e tables reveals,‘
that at eight weeks of age the dliference between the average
welght of the GthLS whlch were fed elther 1/8% or 1/4% Pilch-
ard Oll NOo By end the control chicks, is not elgnlflcent.,
‘lhleflndlcates that Pilchard 0il No. 3 does not supply sufflcnk
“ient Vitamln A at these levels to promote normal groewth of
chlcks up to eight weeks of ageo Eurthermore, 1t will De seen
~that the dlfference between the averagew elght of the ~hicks~
which received 1/87 Pilchard 0il No» I, and that of the chlcks
‘whlch recelved elther 1/8% or 1/4% Pllchara 0il Neo. 3 is

: statlstlcally 51gn1floant. The dlfference is even more sig-
nlflcent between the former and the control group. Similarly,'
- the dlfference between the average welght of the cblcks Whlch
'recelved the supplement of 1/47 Pilchard 0il No. 1 and any of
these three latter groups, 1s 51gn1flcantak Comperlson of the
other greups d1d not regeel anj 51gn1i10ant dliference,f

Dlscussion.

It may be readily seen fromthe abdve results that the
sample of Pilchard 0il No, 1 (early season) is decidedly sup-
erior 1n Vltamln A potency to the other two samples of oil. :
Slmllurly, the sample of PllChard 0il No, 2 (mlddle season) is
superlor te the sample of Pllchard 0il No. 3 (late season),
Because these oils had been stored 1mmed1ately upon productlon, |
eny deterloratlon that may have t aken place during storage

would be most pronomnced 1n eample NOo 1, ‘end least in sample
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',No. S Lherefore, it may be concluded that Pllchard 01l No. 1

e(early season) must have contalned more Vitamin A at the't ime
of productlon than the other two 01lsok This ev1dence demon-

‘strates that P1lchcrd 011 produced early in the season is

~,more potent in Vitamln A‘then 0ils that are produced at later

Lstqges of the fishing season.

It is important to note that t he results of the blue

t unit test were in agreement with bhe blologlcel assay in that
,they showed the dlfferenceé in the Vitaﬂun A content of the

; ‘three samples of Pllchard 0il, Consequently the blue unit test
| may be used as a prellmlnary test for estlmdtlng the Vltamln A

kpotenoy,of Pllchard'Oil. This is of con31oerable commer01a1
importance inzas muCh as it would enable commer01al reflnerles
to select their 01ls on the basis of this test. Such a practlce'

‘,rwould permlt the use of the 011s with the highest Vitamin A

:content far medicinal purposes, while the oils of . low Vitamin
A.potency could be used for palnts and other manufactured

tproducts.

: | Bailey (6) at Prlnce Ruper t has reported that the blue

-~ value of Pilchard Oll ig only a rough estlmatlon of the Vitamin

A content of the o0il. Under such 01rcumstances, thls itest may

'e;be used only as a rcugh measure of the relatlge potency of

,varlous samples of Pllchard Oilgk At the present stage of. our
knowledge, the. actual Vltamln A act1v1ty of Pllchard 0il hsas
,stlll to be determlned by the blologlcel assay,

The foreg01ng experlment has deflnltely'shown that the

Vitamln A content of” Pllchdrd 011 varles w1th the season of the
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year, and that oil produced early in the season has the highest
Vitamin A potenéy° It would be interesting to ascertain if
the Vitamin D botency of Pilchard 0il would be parallel to the

Vitamin A pétency at various stages of the fishing season.
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. SUMMARY.

‘Experiment No. 1

(1) 140 day-o01d single comb White Leghorn Cockerels
werekdivided into seven different groups. The Vitamin A-free
basal ration used was similar to that of ilvehjem and Neu(75).
It was suprlemented with 1/8%, 1%, %% and 1% Pilchardé 0il #1,
4% Pilchard 0il #2, and +% Cod iiver Oil., One lot of chicks
ﬁas;fed the basal ration only.

(2) When either 3% Pilcherd 0il #1 or 4% Pilchard 0il
#2 was added to the basal ration, the rate of growth was asg
good as when 4% Cod Liver 0il was added to the ration.

(3) The rate of growth of the chicks in this experia
ment waé compared with the rate of growth of chicks that had
been fed graded amounts of Vitamin A as supplied by Reference
Cod Liver Oil (U.S. Pharmacopoeia, 3000 units of Vitamin A per
gram).
| (4) It was found that Pilchard 0il #1 contained at
least 300 International Units of Vitamin A per gram and
Pilchaﬁd‘Oil #2 at least 600 Internstional Units per gram.

(5) Pilcherd 0il #2 would appear to meet!. the mihimum
requireﬁents specified by the U.S. Pharmacopoeia for Cod Liver

0il (600 units of Vitamin A per gram).

Experiment No. 2.

(1) 400 day-old single cdmb White Leghorn Cockerels

were divided into 4 groups and each group was subdivided into
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4 lots; bach group wWas fed a dlfferent basal ratlon. Ration
No. l contdlned lzé%'powdered skim mllk ‘and. 57 meat crap,
Ration No.II 107 powdered skim milk and 7~7;meet scrap; Ratlon
N6 III / powdered sklm milk and 10% meet scrap; and Ratlon
| No . IV‘12~A commerclal casein. o :
| | (2) The rations weressupplemented with 0%, 47, ~74and’
, 1/ of Pilchard 0il. | |
(3) It1w25;3hbwn‘that.Rations Ne.I;and No. IV4
eontained’appreciable traces of Vitamin A.
| (4) Since basal Ration No.II {10% powdered skim milk
~and ¥ / meat scrap) contdlnea the least traces of Vltamln A of
"all the ratlons used in thl kexperlment 1t was found to be the‘ |
most suitable for Vltamln A etudles.
(5) —/’Pllchard 011 was found to sayply adequately
‘the Vltamln & requlrementu of grow1ng chlcks up to 8 weeks of
H kage,' “ ‘ B
(6) At 8 weeks of age the average weights of the
: different'lots of chicksr(in grams)>Were as follows:

~ Ration Control — 1/4% P.0.  1/2% P.0. = 14 P.0.

AL 27918 6671l w7413 vzedtls
#2 261 Crostae RCCES I 785+ 11
"#53,‘ 336 6581l V758:1’:12_ . 7e4Tts
4 ‘_ '524+ 23 k~718+v1~2 - 759*11'  eatis

(7) Up to 8 weeks of age, the mortallty in all the
. groups except the controls was less than 25%

(8) $everal'recommendations are suggested for im-
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prov1ng the blologlcal Assay of Vitamin A carrlers, using the

chlck as the test anlmale,

‘Experiment No. Sgk

| (l) 105 day-old s1ngle ¢omb Whlte Leghorn chicks were.
‘ d1v1ded 1nto 7 groups. The basal ration used in thisg experl-'
ment was 31m11dr to that of Ration No. IT 1n Exnerlment No. 2.
| | (2) Three samples of Pllchard 0il that had been
| produced at dlfferent stages of the fishing SeaSOH were used
a8 Vltamln A supplements, lhese 0115 ‘were added to the basal
ration in amounts of 0%, 1/8/ and 1/4%.

,(é)‘It‘was found that the Pilcherleil°produced in
the early‘stages of’the fishing season was a more potent
source of Vitamin A than the oils produced later in the season°

(4) lhese three samples ‘of Pllchard 011 were tested by
 the dﬁﬁmony tr1 chloride test-(Carr-Pr1ce~reactlon) |
| (5) The results of the aﬁﬁmony tri- chlorlde test
- paralleled the results obtalned with the Blologlccl Assaye
| (6) 1t is recommended that oils that are produced

in the early stdges of the flshlng season shonld be used for

| medlclnul purposes, because of thelr hlgher Vltamln A content.
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USP.X
Interim Revision Announcement No. 2

A 1034 REVISION OF THE TEXT AND ASSAYS
- FOR COD LIVER OIL
O‘F THE
PHARMACOP(EiA OIF THE UNITED STATES
TENTH DECENNIAL REVISION

‘This announcement by interim revision of few standards ‘and assays k

for medicinal Cod Liver Oil is ini recognition of the notable advancement
in “scientific knowledge concerning vitamins, and for the purpose of
officially establishing in this country the new International Units for
Vitamins A and D. e ' SR

The Pharmacopceia Hhas accepted these International Vitamin A
and Vitamin D Units as the basis for its new standards, and the new
“U.S.P. X 1934 Vitamin A Unit” and “U.S.P. X 1934 Vitamin D Ui’
are identical with the corresponding International Units, .

It is hoped that this action by;the Pharmacopceia will largely over-

come the present confusion in label and literature ‘statement's concerning,
the Vitamin A and Vitamin D potency of many products. . This con-.

fusion in the past has been due to the use of unofficial units of varying
- vitamin valie.* : .

Following the established policy of pharmacopeeial revision the Com-
mittee has had the advice and cobperation of many experts in the prepa-
ration of this new text. Two conferenées, with more than thirty recog-

" nized authorities in vitamin work, present at each; laid the foundations
for the assays. - There has since been established what is known as the
“U.S.P. Vitamin Advisory Board.”  This Board has completed the
assay texts and supervised the preparation of an official “Reference Cod
Liver -Oil” of known Vitamin A‘and Vitamin D potency, expressed in
International Units. This is tow being distributed by the Phar-
macopeeia Board of Trustees as 4 basis of comparison in assays. The
new assays require the use of this official ‘‘Reference Cod Liver Oil”’
as a basis of comparison. ’

This “Reference Cod Liver Oil” was independently aésayed, in com-

* A statement of the approximate rélationship of various unofficial vitamin units,
now employed in the study and labeling . of products containing Vitamin A and
Vitamin D, has been issued by the U.S.P. Vitamin Advisory Board, Information
concerning this can be obtained by addressing the Chairman of the U.S.P. Com-
mittee of Revision.

1



parison with the international standards, by fifteen different laboratories
who reported their results to the Vitamin Board. The members of
this Board compiled and evaluated the data submitted and deter-
mined from these figures the Vitamin A and Vitamin D potency of the
«Reference Oil.” The Board has also arranged for the periodic recheck
of the potency of this *‘Reference Oil” so that it may serve as a satis-
factory standard when used by manufacturers of products containing
Vitamin A and/or Vitamin D. The “Reference Cod Liver Qil” is ob-
tainable through the office of the Chairman of the Committee of Revision.

This Revision for the first time establishes an official vitamin standard
for Cod Liver Oil. Heretofore, the Pharmacopeeial requirement for
vitamin content and assay has been optional and reflected the situation
when the U.8.P. X became official some years ago. At that time there
was little or no quantitative information upon which to base the proper
minimum Vitamin A potency for a medicinal Cod Liver Oil and the re-
quirement that, when assayed Cod Liver Oil should contain at least 50
Vitamin A units per gram, was primarily to insure the exclusion of
manipulated oils in which all vitamins had been destroyed. At that
time “Vitamin D" was not even known by that designation but was
referred to as “an antirachitic factor.”” The new official standards insure
a Cod Liver Oil of excellent quality, corresponding in potency to what
is now largely being sold in this country as “U.8.P. Oil.”

1n addition to the introduction of the vitamin standards and methods
of assay, the following physical or chemical standards have been intro-
duced or amended:

A standard for permissible color intensity for the official oil has been
added.

The limit of free acid and the saponification number take into con-
sideration the occasional use of carbondioxideasa preservative for theOil.

The directions for the determination of unsaponifiable matter have
been so modified as to eliminate possible sources of error.

A chill-test has been introduced to insure the absence of excessive
amounts of stearin.

The new official vitamin standards and assays and the chemical
and physical standards as prepared by the Sub-Committee on Organic
Chemicals of the Committee of Revision, have been officially adopted
by the General Committee of Revision and the Board of Trustees.
By action of the Board of Trustees the new standards for Cod Liver
Oil will become official on January 1, 1935.

E, FuLLErRTON COOK
43rd St. and Woodland Ave..
Philadelphia, Pa.
Chairman of the Commiittee of Revision
May 1, 1934 of the U.S. Pharmacopeia.
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"SALT MIXTURES"

For Diets in Bilological Assays

In reviewing the salt mixtures during the revision of the Pharmacopoeia
it was found that the formuwlas published in thes U,S,P, Interinm Revision
Ammouncanert No. 2 were not etrictly in cenformity with the fmiruias as
originaily puhlished, The fermaias new have been caloulated to repre-
56nt the sems conbent of caits and azias as in the criginal., but in
terms of official products. This will enable “hose using these formu-
las to secure more easily the ingredients and prepcre the mixtures.

The formulas as they will appear in the U.S5.P.XI are as follows:

Salt Mixbures

For preparing the salt mixturcs the available form of cach chemiecol
is taken to furnish the stipulated equivalent of each chomical,

Salt Mixture No, 1

*Calcium Carbonate (U.S.P.).....,........,.......,.;....;, 134,8 Gm,
Magnesium Carbonate (U.S.P., 40 per cent Mg0)euiivesesees  28.9 Gm.
Sodium Carbonate, anhydrous (U.S,D, Reagent).oeiiuvareas 3402 Gm,
Potassium Carbomate (U.S.P., dried at 180°C) cvvuennnnnse,s 141,3 Gm,
Phosphoric Acid (U.S.P,, 86.5 per cenb)ssuiveiinennnnenss 119.3 G,
Hydroehloric Acid (U.S,P,, 36 PCT Cent)eouiinrcanneyenass 148.3 Gm.
Sulfuric Acid (U.S.P., 96 per CCIE) envreennennnnrnnnnnn,s 9.6 Gm.
Citric Acid (U.S,Pu),q....,......,,...c.,.......;......a. 111.1 Gm.
Ferric Citrate (U.S,P. Reagent, 17.5 per cent Fe)oveuua., 7.44 Gm,
Potassium Todidec (U.S.P.)........,...........n........... 0,020 Gm.
langanese Sulfate (U,S.P. Reoagent, MnS804.4H20) ¢ iuuurs,.,, 0,117 Gm,
Sodium Fluoride (U.S,P. Reagent)...........e.........,.,. 0.062 Cm,
Potassium Alum (U.S.P.).........................e.......,- 0,044 Gm,

Dissolve the citric acid in a sufficient quantity of hot distillcd
water and add the solution to the mixed carbonates. Then add the potas-’
sium iodide, manganese sulfate, sodium fluoride and potassium alum, pre-
viously dissolved in distilled water. Then add the fevrric citrate dis-
solved in the hydrcchloric acid. Dilute the sulfuric acid vith distilled

~water; add the phosphoric acid and add this acid mixture to the mixture

previously prepared and stir until cffervescence coasés. Evaporate the
final mixture +o dryness, in a current of air at from 90° +to 100°C, and
reduce the resulting product to a fine powder.
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Salt Mixture No., 2

Sodium Chloride (USP)
Magnesium Sulfate (U°S.P.)....................o.........
Sodium Biphosphste (U.S.P.)..........,..............a...
Potassium Phosphate (KgHPO4)...:....,s.............,....
Calcium Biphosphate [CaHz;(POzl.)g.HzQ].,...Aa..............
Ferric Citrate (U.S.P, Reagent, 17,5 per cent F6)earssa,

CalCium LQCtate (U.SQPO)Qlolooooovlco.ll‘.ioclc'tootnil.o 15

Mix the finely powdered salts uniformly,

Respectfully submitted,

E. FULLERTON COOK,
Chairman

G,
Gm,
Gm.,.

Gm,
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OLEUM MORRHUZE

Cod Liver Oil
Ol. Morrh,

The partially destearinated fixed oil obtained from fresh livers of Gadus
Morrhue Linné and other species of the Family Gadide. Cod Liver Oil
may be flavored by the addition of not more than 1 per cent of any one or any
mixture of flavoring substances recognized in this Pharmacopeia. Cod
Liver Oil contains in each Gm. at least 600 U.S.P. Units of Vitamin A and
atleast 85 U.S.P. Units of Vitamin D.*

The Vitamin A potency and Vitamin D potency of Cod Liver Oil when
designated shall be expressed in “United States Pharmacopeeia Units”’
per gram of oil and may be referred to as “U.S.P. Units” per gram of oil.
To indicate the adoption of the new standards the statement “USP.X
—Revised 1934” may be used.

Description and physical properties—A thin oily liquid, having a peculiar, slightly
fishy, but not a rancid odor, and a fishy taste.

Cod Liver Oil is slightly soluble in alcohol, but is freely soluble in ether,
chloroform, carbon disulphide, and in ethyl acetate. .

Tests for identity and purity—Specific gravity 0.918 to 0.927 at 25° C.

A solution of 1 drop of Cod Liver Oil in 1 ce. of chloroform, when shaken
‘with 1 drop of sulphuric acid, acquires a violet-red tint, gradually changing
to reddish-brown.

When viewed transversely in a tall, cylindrical, standard oil-sample bottle
of colorless glass of about 120 cc. capacity, the color of Cod Liver Oil shall
not be more intense than that of a mixture of 11 cc. of colorimetric cobalt,
T.S.,f 76 czc. of colorimetric ferric T.S.1, and 33 cc. of distilled water, in a
similar bottle of the same internal diameter.,

* One ““United States Pharmacopceia Unit of Vitatin A” is equal, in growth pro-
moting and antiophthalmic activities for the rat, to one International Unit of Vitamin
A as defined and adopted by the Conference of Vitamin Standards of the Permanent
Commission on Biological Standardisation of the League of Nations in June of 1931;
one “United States Pharmacopeeia Unit of Vitamin D” is equal, in antirachitic
potency for the rat, to one International Unit of Vitamin D as defined and adopted
by the Conference of Vitamin Standards of the Permanent Commission on Biological
Standardisation of the League of Nations in June of 1931.

t Reagents for Color Determination:

Colorimetric Cobalt T.S.—Containing 59.496 Gm. of cobaltous chloride (CoCl,.
6H,0) in 1000 cc. of solution. Dissolve about 65 Gm. of cobaltous chloride in enough
of a fluid made by mixing 25 cc. of hydrochloric acid with 975 ce. of distilled water
to make a volume of 1000 cc. Measure 5 cc. of this solution into a 250 cc. flask,
add 15 cc. of a solution of sodium hydroxide (1 in 4) and 5 cc. of solution of hydrogen
dioxide. Boil the mixture gently for ten minutes, cool, add 2 Gm. of potassium jodide
and 20 cc. of sulphuric acid (1 in 4). When the precipitate has dissolved titrate the
liberated iodine with tenth-normaj sodium thiosulphate, using starch T.S. as the in-
dicator. One cc. of tenth-normal sodium thiosulphate corresponds to 0.023799
Gm. of CoCl,.6H,0. Adjust the volume of the cobaltous chloride solution so that
1 ce. contains 0.059496 Gm. of CoCL.6H,0. Preserve the solution in a bottle with
a wellfitting glass stopper.

Colorimetric Ferric T.S.—Containing 45.053 Gm. of ferric chloride (FeCl;.6H,0) in
1000 cc. of solution. Dissolve about 55 Gm. of ferric chloride in enough of a fluid
made by mixing 25 cc. of hydrochloric acid with 975 ce. of distilled water to make a
volume of 1000 cc. Assay the solution as directed under Liquor Ferri Chloridi,
U.S.P. X, using 10 cc. of the solution, accurately measured. Adjust the volume of
the solution so that 1 cc. contains 0.045053 Gm. of FeCl;.6H,0. Preserve the solution
in a bottle of amber glass having a well-fitting glass stopper.
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of equal volumes ‘of alcohol and ether; the mixture having been previously
neittralized ‘with tenth-normal sodium hydroxide, using- 5 drops. of phenol-

phthalein T.S. as-the indicator; and ‘boil the oil solution gently under-a.

reflux condenser for ten minutes.  Cool and titrate the mixture with tenth-

: normal sodium hydroxide to the production -of a7 pink ‘color which ‘persists.

after shaking for thirty seconds,  Not more than 1 cc. of tenth-normal soditm
hydroxide is required (free acid). = ) ”

Weigh 5 Gm. of Cod Liver Oil into a 250 cc. flask, add-4 solution of 2Gm :

of potassium hydroxide in 40 cc. of alcohol and heat under a refliux condenser

for two Hors, keeping the alcohol gently boiling.  Evaporate the alcohol on*

a water bath, dissolve the residue in 50 ce. of Lot distilled water, and transfer
the solution to a separatory funnel; rinsing the flask with two 25-ce. portions

of distilled water which are added to the solution in the separator: - Cool the

mixture to from 15° to 20° C., dnd extract with two sticcessive portions of 50 -

cc. each of ether, adding a few drops of alecohol. Combine the ether:extracts
in another separator, and wash the ether solution, first with 20 cc. of tenth-
normal potassium hydroxide, then with 20 cc. of fifth-normal. “potassium
hydroxide, and finally with successive 15-cc. portions of distilled water until
the washiings are not reddened by the ‘addition of 2 drops of phenolphthalein

T.8. “Transfer the ether solution to a tared beaker, rinse the separator with -
10 cc. ‘of ether, and add the rinsings to the beaker. - -Evaporate the ether
juist to dryness on a water bath and dry - the residue for thirty minutes at

100° - C. ~Cool the beaker in the desiccator for thirty minutes and weigh.

The residue shall not exceed 1.80 per cent of the weight of Oil taken for the -

assay (unsaponifiable matter). - S :
Till a tall, cylindrical, standard oil-sample bottle of about 120 cc. capacity
~ with Cod Liver Oil, at a temperature between 23° and28° C., stopper, andim-

- merse the bottle ifv-a mixture of ice and distilled water for five Tours.. . The oil.

remainis fluid-and does not deposit stearin (undestearinated cod Jiver otl):
Saponification value: not less than 180 and not more than 192.  When
“carboni dioxide has been used as d preservative, the oil must be exposed in
a shallow dish in a vacuum-desiccator for twenty-four hours before weighing
_the sample for détermination of the saponification value.: "
Todine value: ot less than 145 and not more than 180..

Preserve in a cool place, in well-closed containers which have been thoroughly -

 dtiéd before filling. Cod Liver Oil may be bottled ot packaged-in a vacuum
.. orin the presence of an inert gas. . . L
Assay—Proceed as directed under Assiys for Vitamins A and D-4n Cod Liver Oil,
pages 4 to11. : ) . - R
Preparation—Emulstim Olei Morrhuae.

AVERAGE DOSE—(Administer three times daily)—Infants: Metric, -

4 cc.—Apothecariés, 1-fuidrachm. - Adults: Metric, 8 cc.—
Apothecaries, 2 fluidrachms.
- Assays for Vitamins A and D in Cod Liver Oil

(To replace the Vitamin Assay dn-page.489 in the U.S.P. X) .

Deﬁm'tions—As used herein, tnless the context othetwise indicates, the term .

assayer means the individual immediately respousible for thé interpretation of the
assay; the term assgy group means a grotip of rats to which the assay oil shall be

administered duting the assay period; thie term. assay oil means ‘a Cod Liver 011

under efamination for its vitamin potency; -the térm assay period for the ‘Vitamin
A assay means the intetval in the life of a rat between the last day of the depletion
period and the twenty-ninth day thereafter-or between the last day ‘of the depletion
period and the death of the rat; the termdssay period for the Vitamin D-assay means
‘ the interval i the life of a rat between the last day of the depletion period and the

eleventh day thereafter; the term dssemible means the procedure by which rats are: :
selected andassigned to-groups for the purpbse of feeding, care; and observation; the

4

Dissolve 2 Gm. of Cod Liver Oil, accurately weighed, in 30 cc. of a mixture.



term control group means a group of rats reéceiving no Cod Liver Oil during the assay
‘period; the term daily, for the Vitamin A assay, means six days of each week of the
assay period; the term daily, for the Vitamin D assay, means each of the first eighit
days of the assay petiod; the term declining weight means a condition of a rat when
thie body weight of the rat on any given day is equal to or less than the body weight
of the rat on. the seventh day prior to the given day; ‘the term depletion period
means the interval in the life of a rat between the last day of the preliminary period
and the first day of the assay period; the térm dose means the quantity of the Refer-
enice Oilor of the assay oil to be fed daily to a rat during thé-assay period; the termm.
fed means made readily available to the rat or administered to the rat by mouth;
the term ground gluten means the cleat; soiund product made from wheat flour by the
almost complete removal of starch, and contains not more than 10 per cent of mois-
ture; and, calculated on the water-free basis, not less than 14.2 per cent of nitrogen,
not less than 15 per cent of nitrogen-free extract (using the protein factor 5.7), and
not.-more than 5.5 per cent of starch (as deterinined by the djastase method); the
termn group for the Vitamin 4 assays means six or more rats maintained ot the same
required dietary regimen durihg the assay period; the term group for the Vitamin D .
assay mjcans seven or more rats maintained on the same required dietary regitnen
during the assay period; the term opkithalmia means a pathological state of the eye
and/of the conjuctiva and/or the tissites anatomiically related to the eye, readily
discertiible macroscopically ‘and usually. associated with Vitamin A deficiency; .the
term preliminary period mieans the interval in the life of @ rat betweed the seventh
day after birth and the first day of the depletion period; the term rackitogenic diet
means a uniform mixture of the food materials, and-in the proportions named, in
either of the following formutas: ‘

" Rachitogenic Diet No: 1

Whole Yellow Maize, ground. ..oo....o ot e 33 per cent
Whole Wheat, ground........... T 33 per cent
Ground Glutefi. . ... ... v in. . S TR 15 per cent
‘Gelatin. ., .. e b P SO v ewicnds v, 15 per cent
Calcium' Carbonate (CaCOs). ...t uvin s s s, .. 8per cent
Sodium Chloride (NaCl)......... R 1 per cent
. Rachitogenic Diet No. 2
‘“Whole Yellow Maize, ground. .. ..........: e 76 per cent
Ground Gluten...... .. ... ;.. R 20 per cent
Calcium Carbonate (CaCOs).. ... vy, 3 per cent
‘Sodium Chloride (NaCl)............ e PR ¢.. Lper cent

The term' Vitamin A test diet means a food material consisting of the following
‘. proportions of the named ingredients of the quality specified:
Vitamin A Test Diet

CCasein. .. R RN 18 per cent
Salt Mixtitre (See page 6). . ..o o v v 4 per cent
Yeast, dried........ S S PR 8 per cent
Starch65percent
VegetableOﬂ..,.;........‘..,...f.f...' ......... %ii.. Bopercent

Vitamin D, a sufficient amount
Not less than 8 U.S.P. Units.of Vitamin D shall be provided in each gram of diet
and-this vitamin shall be carried by the yeast or the vegetable oil. The ingredients
of the Vitamin A test diet shall be fre¢ from Vitamin A or shall have been treated
so'as to reduce the Vitamin A content tosuch a degrée that when the Vitamin A test
diet is fed to the control group two-thirds or more of the rats shall manifest, prior.
5 :
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to the eleventh day of the assay period, symptoms of Vitamin A deficiency charac-

tetized by both declining weight and opthalmia. The dried yeast shall catry the
Vitamin: B complex in such concentration that a daily dose of 0.156 Gm. shall perinit

amraverage gain in weight of at least 3 Gmi. pér week in rats during an interval.of four
" weeks between the twenty-fifth and sixtieth days of age, when the rats are provided
ad libitum with a ration which is adequate for optimal growth, except that the ration
shail be devoid-of the Vitamin B complex:

Salt Mixture No. 1-

Calcitm Carbonate (CaCOs). . oviwssvvn e 134.8 Gm.:
Magnesium Carbonate (Mg.COg)......ivnr e o242 G,
‘Sodium Carbonate (Na,COs)....x. - e 34.2 .Gm.
Potassium Carbonate (KsCOg).inrvssvnomnnn 141.3 Gm.

. Phosphoric Acid (100 per cent) .o, ine e TR 119.3..Gm.
Hydrochloric Acid (100 pet cent). ... ue.nan ....166.9 Gm.
Sulphuric Acid (100 Percent)..ivm.vnrcessons . 9.8 CGm.
Citric:Acid (1H20). PR S O L 111.1°Gm,
TFertic Citrate (1/:Ha0) oo veis s PR 5.7 Gm.
Potassitm Todide (KI). ... ovvrneriinneneinssyn 0.020 Gm.’
Manganese Sulphate MnSO4). ... SR i fa 0.079 Gm.
Soditm Fluoride (NaF):. ... vowvnvevnnios Yho.. o 00248 Gm.
Potash Alum [KoAL(SO)s]. ot e e 0.0245 Gm.

The available form of each chemical substance is taken in sufficient quantity to
firrnish the stipulated equivalent quantity of each chemical. The miixed carbonates

and ferric citrate are added to the mixed acids. The specified quantities of KI; -

MnSO,, NaF, and K,Al:(SO0x), are added as:solutions of known concentrations and

the resulting mixture is évaporated to dryness in a current of air atfrom 90 °t0 100°C.

and ground to a fine powder.
‘Salt Mixture No. 2

Sodium Chloride (NaCl). ... ... i 0.173 Gm.
Anhydrots Magnesium Sitlphate (MgSOs):+:v ' .- 0.266. Gm.
Sodium Phosphate (NaHPOLHO) . covv s eevsvn 0.847 Gm.
Potassiuin Phosphate (BeHPOg). . ioentvnmaness 0.954 -Gm.
Caleium Acid Phosphate [CaH(POw 0. . ...... 0.540 Gm.
Ferric Citrate (11/sHgO)uurvr v amisinen e 0.118° Gm.
Calcium Lactate. .. ... vcevereaninn.on fveenes.. 1,800 Gm.

+ Uniformly mix the finely powdered salts. :
The assay-of Cod Liver Oil for Vitamin A and Vitamin D potency shall be by

comparison with the U.S.P. «Reference Cod Liver-Oil,” by assay procedures con-

forming in all respects to the following specifications:

Method of Assay for Vitamin A

The Vitamin A assay, comprising the recording of observations of groups of rats

throughout specified - periods of their lives, while being maintained. on specified

dietary regimens, and the interpretation of such data, is:as follows: :

Preliminary period—Throughout the preliminary period each rat shall be raised

undeér the immniediate stpervision of or according to directions specified by the assayer:
Throughoutthe preliminary period the ratsishall be maintained on a dietary ré‘gimen_
which shall provide for normal development in all respects, except that the supply of
Vitamin A, or preéurso’ts of Vitamin A, shall be limited to such a degree that rats

weighing between 40 and 50 Gm. and noteXceeding twenty-eight days of age and
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subsisting.on a suitable Vitamin A deficient ration and water for an interval not ex-
ceeding forty—ﬁve days shall manifest symptoms characterlstlc of Vitamin A de-
ficiency.

Depletion pemod——A rat shall be suitable for the depletlon period when the age
of the rat does.not exceed twenty-eight days, and if the body weight of the rat shall
exceed 39 Gm., and does not-exceed 50 Gm., and if the animal manifests no evidence
of mJury, or disease, or anatomical abnormality which might hinder growth and de-
velopment. . Throughout the depletion. period each rat shall be provided with the
Vitamin A test diet and distilled water ad libitam, -and during. this period fio other
‘dietary ‘supplement shall be available to the atimal.

Assembling rats into groups for the assay period—Rats which are suitable for the

- assay period shall be assembled into groups. For each assay oil there shall be 6ne or
more assay groups. In the assay of one assay oil there shall be provided at least
one control group and at least one reference group, buit one control group and one
referetice group may be used for the concurrent -assay .of motre than one assay oil.

. The'interval of assembling rats into groups shall not exceed sixty days.  On any-one
day during the interval of assembling rats idto groups, the total number of rats that
shall have been assigried to make up any one group shall not exceed by more than
two the number of rats that shall have been assigned to make up any other group.
‘When the assembling of all groups shall have been completed the total number of rats
in‘each group shall be the same, and the number of rats of oné sex in each group shall
bethesame. Not more than threerats from one litter shiall be assigned to one group.
‘When the assembling-of all groups shall have been completed, the average weight of
the fats in‘any one group on the day beginning the assay period shall riot exceed by
more than 10 Gm. the average weight of the rats in any other group on the day be-
ginnjrig ‘the assay period.

Assay pemod—A rat shall be suitable for the assay perlod prov1ded that the de-
pletion period shall have exceeded twenty-four days and shall not have exceeded
forty-five days, and prov1ded that a rat shall manifest evidetice of Vitamin A de-
ficieney characterized kby declining weight and/or ophthalmia. Throughout  the
assay period each rat of the.control, reference, and assay groups shall be kept in an
individual cage and shall be provided with the Vitamin A test diet and distilled
water, ad libitum. Throughout the assay period each rat in any assay group Shall
be fed daily a-dose of the assay oil, and throughout the assay périod each rat in any
orie reference group shall be fed daily a dose.of the reference oil. . “The reference oil
and/or the assay oil may be diluted before feeding with an edible vegetable oil free
from Vitamin A.  Diluted oil shall be stored in the dark at a temperature not ex-
ceedmg 50° F.. The period.of storage.shall niot exceed seven days. . Not miore than
0.1 ce, of the diluted il shall be fed as a daxly dose. . ‘During the assay period all
conditions of environment shall be maintained as uniformly as possible with respect
to the assay, referénce, ard control groups: )

Recording of data-—On. the day beginning ‘the depletion period and at intervals
of not'more than seven days for the first twenty-one days of that period theére shall
be a record made of the body weight: of each rat, TFrom the twenty-first day of de-
pletion period until the end of the assay period: a record shall be made of the body
weight and- eye condition of each rat at intervals not exceeding five .days. The eye
condition’ shall be- desrgnated as normal, watery, sensitive to light, ‘swollen, bloody
exudate, purulent, opacity of cornea, or any combination of these terms. A record
shall be made of the failure of a rat to constime the prescribed daily dose of reference
or-assay oil.

Vitamin 4 potency of the assay oil—In determining the Vitamin A potency of the
assay oil the performance of the rats of the assay and reference groups shall be calcu-
lated for each group on the basis of the differencé between the average weight of the
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surviving rats anid the average weight of the same rats onthe day beginning the'assay

period. - The data from-the reference group shall be cousidered valid for estabhshmg

the Vitamin A potency-of the assay oil only ‘when two-thirds or more of the total =

number of animals comprising a reference group shall have made individually be-
tween the beginning day of the assay period and the twenty-¢ighth day thereafter

an increase i -body weight which shall equal or exceed 12:Gm. and shall'not exeeed.
60 Gm., and the data from an assay or reference group shall be considered validfor:

establishing the Vitamin A potency of the assay oil only when two-thirds or'more, but

not less than six, of the rats of an assay or referénce group have survived twenty—~

eight days of the assay period. ' The data from an assay group shall be considered

valid for establishing that an assay oil .conforms with the U.S, Pharmacopoela;

standard for Vitamin A in cod liver oil‘only when two-thirds.or more but: fiot- less

than six rats shall have made individually between the beginning day. of the assay.

period and the twenty-eighth-day thereafter an increase in body weight which shall k

equal’orexceed 12 grams. - The:data from a rat shall be.considered valid for-establish-

ing the average performance of a reference or assay group only on the cond1t1onA

that the rathas consumed the prescribed dose of oil for at least twenty-two days of the

assay period. A Vitamin A assay shall not be- considered vahd unless two-thirds or - T
more of the total ritimber of animals comprlsmg the control group shall, prior'to the

¢leventh day of the assay period, manifest symptoms of Vitamin A deficiency charac-
terized by both Heclining weight and ophthalmiia;, The Vitamin A potency of the
assay oilis then caleulated according to the following procedure:

Tet “R’ equal the daily dose ih-milligrams of the reference oil necessary to pro-

ditee in a reference group an average gain in weight, “G,” of not Iess than 12 Gm and :

not more than 60 Gm.

Let “A” equal the daily dose in mllhgrams of the assay oil that W111 produce .

in'an assay group an average gam in weight equal to or- greater than “G.”
R
If the product of A X [umts per gram of Vitatnin A contamed in the refer-

ence oil] is equal to or greater thar 600, then the assay oil contains 600 or more units

of Vitamin‘A per gram of oil and complies with the U.S. Pharmacopeeial requlrement‘

for Vitamin A potency.

Method of Assay for Vitamin D

- The Vitamin D assay, comprlsmg the recordmg of observations of groups of rats,
throughout'specified periods of their lives, while being maintained on specified dletary
regimens, and the interpretation of such data, is as follows:

Preliminary penod—Throughout the preliminary period each rat shall be raised :

under the jmmediaté supervision of or according to directions specified by the as-

sayer. ‘Throughout the preliminary period the rats shall be maintained on a dietary
regimen which shall prov1de for normal development in all réspects; except that the
supply of Vitamin D shall be litited to such.a degree that rats, weighing between 40
and 60 Gm.at anageof twenty-oneto twenty-eight days, and subsisting foran ifiter=

val of three weeks on-a suitable rachltogemc diet, shall manifest évidence of severe‘ )

rickets. N
" Depletion period—A rat shall be suitable for the depletion period when the age
of the rat does not exceed thirty days, and if the body weight of the rat shall exceed

44 Gm., and does not exceed 60 Gm.,; and if the animal manifests no evidence of

injury, or. dlsease, of anatomical abnormality which might hinder growth and de-
velopment Throughout the depletion perlod each rat shall be prov1ded w1th the
8’




rachitogenic diet and distilled water ad libitum, and during this period no other
dietary supplement shall be available to the animal. i : o

Assembling rals into groups for the assay period—Rats which are suitablé for the
assay period shall be assembled into groups.  For each assay oil there shall be one or
more assay groups: In the assay of one assay oil there shall be provided at least oiie
reférence group, buit one reference group may be used for the ¢oncurrent assay of -more
thdn one assay oil. - The interval of ‘assembling rats into groups: shall not exceed

- sixty days.- On any one day during the interval ‘of assemblirig rats into groups,
the total number of rats that shall have been assigned to make up any one group
shall ‘not exceed by miore than two the number of rats that shall have been as-
-signed to make up any other group. When the assembling of all groups shall have
been completed the total rumiber of rats in each group shall be the same, aud the
number of rats of ofie sex in each group shall be the same. Not more than three
rats: from one litter shall be assigned to one grotp. - When the assemblitig of all
groups shall have been completed the average weight of the rats in any one group on
the day begimﬁng the assay period shall not exceed by more than 8 Gm. ‘the average
weight of the rats in any other group.on the day beginning the assay period.

. Assay period—A rat shall be suitable for the assay period, provided that the de-
pletion period shall have exceeded eighteen days and shall fiot have exceeded twenty-
five days, and provided that a rat shall manifest evidence of rickets characterized
by a distitictive, wabbly, rachitic gait and by enlarged”joirits. - The presence of
rickets may also be established by examination of a leg bone of one member of a litter
by the “line fest” ‘described below. - Each rat shall be kept in an individual cage
and shall be provided with the rachitogenic diet and distilled water, ad libitum.
On any calendar day of the assay period the assay arid reference groups shall receive
a rachitogenic “diet. compounded from the same lots of ingredients. Throughout
the first eight days of the assay period each rat in any one assay group shall be fed
daily a d'iose of the assay oil, and throughout the first eight days of thie assay period
each rat in any one reference group shall be fed daily a dose of ‘the reference ol

“except that the followitig - deviation from the daily feeding shall be permissible:
that the daily dose may be dofbled on the day preceding a one-day holiday falling
within the first eight days of the assay period. During the remainder of the assay
period (i. e, the ninth day and tenth day) neither the assay oil nor the reference
61l shall be fed. ' On the eleventh day-of the assay period each rat.shall be killed
and one or more leg bones examined for healing of the rachitic metaphysis according.
to the “line test” described below. The reference oil and/or the assay oil may be
diluted before feeding with an edible vegetable oil free from Vitamins A and D.
The diluted oil shall be stored in the dark at 4 temperature not exceeding 50° F.
and the duration of this storage shall not exceed thirty days. - Not more than 0.1 ce.
of the diluted oil shall be fed as a daily dose. ' During the assay period all condi-
tions of environment (particularly with referenice to physiologically active radiations)
shall be maintained-as uniformly as possible with respect to the assay and reference
groups. ) : S )

Line test—The line ‘test shall be made on the: proximal end of a tibia or distal
end of aradiusor ilna: Theend of the desired bone is removed from the animal and
cleaned of adhering tissue, A longitirdinal median section shall be miade through
the end of the bonie with a clean, sharp blade to expose a plane surface through the
junction of the epiphysis and diaphysis. In any one assay the same bone of all the
animals must be used and sectionad through the same plane. Both sections of the
bore shall be rinsed in distilled water and shall then immediately be immiérsed in a
2 per cent aqueous solution of silver nitrate for one minute. The: sections shall then
be rinsed in distilled water and the sectjoned surfaces of the bone shall be exposed
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in water to daylight or other source of actinic light until:-the calcified areas have de-

veloped a clearly defined stain without marked discoldration of the uncalcified-areas. -

. . Records shall be made immediately of the extent and degree of calcification of ‘the
rachitic metaphysis of every section. It shall be permissible to use modifications of

the described procedure for staining, providéd that such modified procedures clearly. -

-differentiate between calcified and uncalcified areas. -
Recording of data—On the day beginning the assay petiod and on the tenth day

thereafter a record shall be made of the Body weight of each rat. A record shall be '~

made of the quantity of rachitogenic diet consumed per rat per dism during the assay’
period. Numerical values shall be assigned to the extent and degree of calcification
of the rachitic metaphysis of the bones examiried by the line test so-that it will be
possible to average the performarice of each group. ‘ i

Vitainin D potency of the assay oil—In determining the Vitamin D potency of - k

the assay oil the average performance of grotips with respect to healing of the:rachitic
metaphysis shall be considered, provided that the average performance of a reference
group with respect to calcification of the rachitic setaphysis shall be determined by
the data from rats which individually show an extent and degree of calcification in the
rachitic metaphysis as determined by the line test equal to or greater than.a condi-

tion described as a positive mactoscopic eviderice of calcification; but less than an

extent and degree of calcification described as complete healing. The ‘data froma -

reference group shall be considered valid for establishing'the Vitamin D potency of
the assay oil olily when two-thirds or more, but not less than seveni rats, show" in-
dividually an extent and degree’of calcification of the rachitic metaphysis equal to
or greater thana conidition described-ds positive macroscopic evidence of c\a’lciﬁcation,
bt less than an extent and degree of calcification described as complete healing.
The data from an assay group shall be considered validfor establishing that an assay.
oil conforms with the U.S. Pharmacopeeia standard for Vitamin D in cod liver oil only
when two-thirds or ‘tnore, bit not less than seven rats, show individually an extent
and degrée of calcification of the rachitic metaphysis equal to or greater than a con-

dition described as positive macroscopic avidence of calcification. The data froma

rat shall be considered valid for establishing the average performarnce of a group:

onily on the condition that the weight of the rat on the eleventh day of the assay period

shall equal or exceed the weight of the rat on the beginning day of the assay period.

and that ‘the rat has consumed 2 or more Gm. of the rachitogenic diet.on each day of
the assay period and 40-Gm. or more of the rachitogenic diet during the assay period

and on the condition that the rat has consimed each prescribed dose of cod liver oil |

within twenty-four hours from the time it was fed. The Vitamin D poteéncy of the
assay oilis then caleulated according to the following procedure. T

' Lét “R’" equal the daily dose in milligrams of the reference oil fiecessary. to pro-
duce in a reference group an average extent and degree of calcification “C” not less

than a condition: described as a narrow contirious line of calcification but less than

an extent and degree Of calcification described as complete healing.

Let “A” equal the daily dose in milligrams of the assay oil that will proditce. in

an assay group an average extent and degree of calcification equal to or greater
than “C.”

1f the product of [K] % [ugits per gram of Vitamin D, contained in the refer-

ence oil] is"equal to or greater than ‘85, then the assay oil contaiits in each ‘gr‘ar‘n
85 or more tmits of Vitamin D and complies with the U.S: Pharmacoposial require-
ment for Vitamin D potency. o : Vv

10

e




