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Studies on various agpects of carotencid metabolism
have been carried out in the Biochemistyy Depaxtment now
for a number of yearse A considerable fillip was given
this work 4n 1954 with the retumn of Dre li.As HcGillivray
fron study leave overseas spent at the lational Institute
for Reecarch in lnirying at Shinfield, woridng in collaboration
with v, S.Ke Kon and e Se¥. Thampoon, two sonior Dritish
workers in the field; and again in 1955 with the reciprocal
viait of the latter worker to this labarmtory for a period
of saxc ninc months.

The work reported in this thesis was carried out in
the dopartment betooen April 1955 and June 1957 during which
timc two separate investigations on different aspcots of
carotenoid metabolian were undertoken, The first of these
was concarned with a study of the utilization of parenterally
adninistered carotenocids, particularly in small animals, and
the other with experiments on factors affecting the cerotencid
and vitamin A contents of milk fat, in particular, on factors
affecting the summer decline in the carotenoid and vitamin A
contents of lNew ‘ealand milk fat, In order to facilitate
the prescntation of the results of these invostigations, the
wort 18 reportod in two seperute scctionse

The results discussed arc for the most part the author's
RN Certain of the wori: described, however, was carried
out on a collaborative basis with Lr, NcGillivray, under
whose gencrel supervision the euthor worked, and also with
bre Thompson during part of the tioe for which he was present



in the departmont, Due to the nature of the wort:
involved it is not possible to state preciscly the exnot
contribution made by the author to these collaborative
studice, nor the extent to which, in thc oouxrse of tho work,
ho avallsxi himself of the assistance of thc above workcrss
It is amphasised, however, that tho author toak an activo
paxt at all stages of the investigation and is familior
with all tho experimental mothods amt techniques doscrribeds

It is with pleasure tho author expresses his sinocre
thaniss to Ure KoGillivigy for his contimmed help and
enamuygenant throygisaat the course of the Anvestigation
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interest daing tho early stages of the work and for
mmorous stimilating discussions,

In addition thc author viishcs to cxpress his appreciation
to the fallowing:

The Counall of lassey ~gricultural Callege for the emard
of a Faymers' Uniaon Scholarship held throughart the course of
tho investigation,

The Counall of the iUgpartmnt of Sclentific and Industxial
Reoearch for financinl asaistance tomards thc cost of the
invostigation,

Various membere of the staffe of Massey Agriculturel
Calloge, The uairy Reseuarch Institute, the Plant Chemistry
Leborutory and the Graaalamis Division of the icpartmmt of
Salentifio and Industrinl lissearch for the use of certain
goaial facgilitiecs



iliss Fay Fredklinctan for technioal assistance
with part of the oxperimmntal woric

liiss li, Campball and the staff of the College
litrary for their help at all times,

lirse Fo Fucitay for the typing of the theais and
alpo Mise M, 4stin and Miss E. Freanals for assistance
with the typing of some of the tables.









- 2 -

Prior to 1929 it was generally recogniscd that vitamin A
activity wes shared by two distinct substances, the yellow pigment
cavotenc, and the colouriess vitamin 4 of fish liver oils, although
at that time it was not known that a definite blochemical intore
relotionship existed between thems It was licore, working at
Cambridge, who first demonstrated that carolene was a precursor of
vitamdn A and that it was converted into the active vitamin within
tho animal bodye In a scries of preliminaxy experiments (lioore,
1929 a, b), he showed that carovtend extrectad frunp currut fut was
cifoctive in restoring growth and ouring merophthalmia in vitamin A
deficient rats, In a later series of cxpexrimemts (lioore, 1930),
he confirmed these results and proved beyondi doubt that "carotene
possesacs the physiological action of vitamin A" lis conclusions
wore based on the recovery of vitamin .., icentified by the antimony
trichloride reaction and the formation of e typical absorption hand
at 320 mp, from the livers of vitamin A depleted rats fed a supplement
of highly purified carctene, Subsequnt rosearch by mmexous other
worizers (reviewed, for emumple, by Kon & Thampean, 1991) has amply
confirmed these findings and has establishod amvereion to take place
in a wide range of animal species,

JMocre's vork, demonstrating the in vivo conversion of carotenme
to vitamin A, naturully directed attention to the site of conversion
and nlthough Moore himsclf did not investigate the problem directly,
he suggestou, on the basis of his earlicr fimiings, thats

Teesnsesevecmnversion to the vitamin 48 not effected in
the couree of digestion but at some period subscquent

to absorption into the blood strcame Since the liver

is uniquo not andy 4n its ability to hold large stores

of vitamin A, but elso in containing notewerthy amounts
of unchanged pigment, it would scem unneuecssary to look
dboyand this organ for the site of conversion of carctene®,
(oare, 1931).



Thus it was that interest was first stimdated in the fate of
agotane administcren by the parenteral roate aince, quite clearly,
2 1ts activity under such conditiona ocould be demonstrated it
would go far in support of the hopatio theary of aunvereicn,
Although, as 1s now well known, subsequent work has proved lMoore's
ariginel suggestion inaxToct and has unequivocally damonstrmited
the wall of the intestine to be the main loous of tranaformation
of curotenc tn vitamin A in the animl (Glover, Coadvin & Morton,
1947, 1940a; Mattean, lichl & Deual, 19473 Thompson, Canguly &
Ron, 1947, 1949), mvathalens for some fifteen years the hepatic
thoary found genoral acceptance in the literature and over this
pariocd muerous studies on the conversion of parentersl caroteno
woere reported,

rarly studies were conocermed mainly with the walue of carotene
adninistered in ofly salution or callaldal form and in general
prodcad canflicting resulte, Using the intrevancus route, Wolff,
Overhof® & Eckelen (1930) noted an increase in the liver vitemin A
iowals of deficient rebbite injectad with carotene in oil, The
animals were first partially hepatectamized to obtain & ocontrol
sample of liver which was assayed using antimoqy trichlarids,
Corotene was then injected and three daye later the animls were
clayghtered and the vitamin content of the residual liver tissue
wos detamminsd and shown to be apireciably higher than the control
anmplo, Ry ensontially the same tedhnique theoe Cindinge were
anfizred 4n the rebbit with onllaldul carvtene by Ahmad, Grewal
& Maldr (193,,) using liver storage and, in additien, rosumption of
growth as criteria, On the other hand the latter authors were
unable to repeat these results in the rat or dog, ani negative
rosults were also obtained by Drummonu & MacWalter (1935) in the
tot. S¢milarly, 4n pesfusion experimonts in thce oat, Ahmed (1931),



fhmed & Urammond (1931), Rea & Drummond (1932) and Drummomi &
lagicdter (1933) were unnble to find any cvidenoo of formation
of vitemin A in this spocies from parentcyully administered
carotenc.

Uaing both the suboutancous anxi intremusculasr routes,
Ryxban (1930) and Euler & Rydbom (1930) in the rat, guinca pig
anu chick, demonstrated that carotenc was effective in causing
Teoum tion of naormal growth 4n vitamdn 4 deficlent antmnls.
In qgreament with this finding Greaves & chaddt (1935, 1937)
notod in the rat a progressive improvement in the appearenco of
wginal smears fyon daficlent animls injocted vith carotene,
although the response was very auch less than when carotene was
adrinistered orally.  Likewise, Lease, Lease, Steanbodk &
Dagmnn (1942) obtained aimilar results using restaration of
crovth and cure of xerophthalmia as aritaria, In mriced antrast
to those obserwations, however, Rokhlina, Balakhoveld & Bodrowa
(1943) found subcutancously injected carotene to be completely
dovaid of vitamin /. activity srnd canacludad parenterally admindisterod
augvotens to be ineffective as a source of vitamin A, Similorly,
Popper & Groendexg (1941) anu Fopper (1944), using the tochnique
of fiuoyescencoe mi XOSOURY, were ncver abic o detect tho presence
of vitamin 4 in the livers of deficient ruts following porenteral
agministration of carotene,

In view of this mass of conflicting: evidenoe a thorough
ro=cxamination of the problem was unisrtalen by Sexton, lichl &
veuel (1946)¢ Their results finally left no doubt as to the
comlete ineffectiveness of carotene when administered parenterally
elthor in oildy or colloddel forms In a 8cries of carefully cons
troldled experimeats in rats, using liver storege and restoration of
groerth as oriteria, they showed quite concluasively that such



moparations, irrespective of the route by which they werc injected,
wore not octubolized to vitamin A but tomied to accumilste largely
unchangou 4n tho liver,

As a result of these finilngs tho questian of the value of
paenterally adminietorod curotene sppeared scttleds A short
whdlc later, however, Tomarelli, Charnoy & Dorrhart (1946) reported
ouooosaful attampts to demonstrate parenteral converaion using
aaotane solubiliszed in water with a surface=active agent, In
stuiles with rate theee worimrs compared the growth prumoting
activity of carotene edministerod perentorully and arelly to deficient
ardrals both as an odly salution and as an aqueous @isparaian pxepared
using the aurfnce=active agent Tween 80 (podyaxyethylecnosorbitan
axoolnto)s  From the rosults of thooe studies they showed
anroteno injootea as a dispersion in Tween was vory much max0
offoctivo in mamotin: growth than cnvotenc injocteu in oil, and
eva: olightly more efiective than carotene administered by the
orold route, and an the basic of those findings thoy suggested its
valie as a esaa of vitamin A after injection was related to
ito state of dispereion,

Although the work of Tacerelld et ale (1946) appenrs at the
tioo larpely to have been overlooked, the results of more recent
stuiico hawe amply aonfirmad thelr findings and have demonstrated
conversion of aqueous carotene dispersions to take place in a
nbor of difforent spocies,  Bicrd (1949), Bieri & Scmltzo
(1941), Diord & Sandmn (1991) and Bleri & Pollard (195)) woridng
vith mtsy Hentges, Grummor & Sorcnsen (1952) vdth pigs; Chuxch,
liacVionr, Blerd, Daker & Fope (1954) vdth ehoepy Kon, NcG4llivrny
& Tharpean (1955) with rete and rebbits; and Biori (1955 a) with
chidlzn ani Tubbits, have all ahown beyoni rozeanable doubt that 4n
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theae spociop parentorally admindstered curotene, providing it ie
proscntad 4n a suitebls phyeical state, may be converted to vitamin
Lo In all these experizonts agquoous dispersions of corotene 4n
wmtor-niscible surfaco=active agents of the Twoen type were usod,
Lmploying similoy preparstions Eaton, licttereon, uecker, lelmboldt
& Jungherr (1951) also roported cunveramion in the calf, although
oubsocuaently, Cumch gt al. (1950) and Xon gt al. (1955) were unable
to oanfirm this,

On the basis of the above results it was deaided in 1955 to
undexrtalse a serics of exparizents in this department to  study
Surthar the utilization of parenternlly administered agueous
disporaions of carotenc in Tween, Such studies, it was hoped,
would not only asasist in some measure in alarifying oartain issucs
arising fran the earlier work, but would also provide some informe
etion anaaming the nature of the reaction which was involved,
Tho dotails wl results of these experiments are discussed in the
faliaming ninc chaptars comprising Section I of this thesis,

D1 Chaptar 1 the resulta of a mmder of azperinants are
doogridbad on the effect of the thyrvid giand an the amveraian of
erantcarally adninistered carotene, while in Chaptore II amd IIL
o oorios of studies on the sgite of azmtveraion is repartod,
(hapter IV 1s conamnexl with a description of variocus attempte
to demonstrate the in vityo cunversion of carotene to vitamin 4,
wiile Chapter V is devoted to a considerntion of the resuits of
a meder of ctudies of the effect on converaian of such factors as
the route of administration, the lovel of dosing, the interval
botwoen dosing and alanghter and repeated dosings also reported
are the results of atudiscs on other factars posaibly affecting
aorversiaon, such as the effeot of high witemin A liver storege
and the effect of simltaneous administratian of zanthophyll,



toocopherol and benzoyl poroxide. In addition, the results of a
scries of studies on the motabolism 0f aguoous dispersions of
covernl carotenoid pigments othor than /{ =carotene are also
conaldoreds

In Chapter VI are rcportad furthor studies on the effeot
of ¢tooopheral on canvermion, while in Chapter VII are discussod
the results of expurigents on the utilization of parentezelly
adninistered aquecus dispersions of carotene in the guineca pig,
ard of caroteno and vitamin A 4n tho goat, two gpecies which
hitherto have not been investigated, A study of the utilization
of parentarally adednistered cerotono and vitanin A in emulsion
form in rets and goats is doscribed in Chaptcr VIII, and an
interpruting sunmry of the work as a whole is prescnted 4in
Chapter IX,






In this section materials and methods which relate to the
investigation as a whols are dssaridais & number of specialised
techniques which relate only to particulsr aspects of the work
are not included here but are disaassi later at appropriate
places in the main body of the thesls,

General, The rats used in these experiments were albino
animals of the iWistar strain bred fram stock introduced inte
New Zealand and maintained as an inbred coleny ainoce 1932 by
Dry 1,J, Cunninghem, Superintendent of the Wallaceville Research
Station, Wellington, The stocikecolony rats were maintained en
a basal diet prepared in pellet form by We & Re Fletcher (N.2,)
Ltd,, of the following eppruxiamte percentage oampositions
ground wheat A2, ground barley 10,5, ground cats &, dried exim
dnu.m-tma.caoo’1mmo.s. The diet ws
supplemented comaianally with ruw liver and a proprietary
emlsion "Vetamil®, containing both vitaains A and D (Nicholas
Produots Ltd,, Wallingtan).

For work in which
blood levels and Jiver storage of vitamin A ware employed as
eriteria, the rats were pxeparad in the following manner,
Pregnant does were given the basal diet supplmmented only with
vitamin D (Glame Labaratories (N.Z,) Ltde) for a week before
parturition and throughout lactation,  After woaning, usually
at 3 woaks of age, the young contimued to receive this diet and
were generelly used when 200-300 g in weight.  They normally
grew well on this diet without any additional supplementation,
At slaughter very low lewels of vitamin A were present in the
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blood and only traces were present in the livers  Typioml
lovels for 6 individuel animals are shown in Table 1.

Iable 1

The vitamin A eontent of the blood plasma and liver of "partially
deficient” rats.

Blood Plasma Liver

Rat no. Vitamin A  Vitamin A Vitamin A Vitamin A
aloohol ostar alochol ester
(ng/100 ml,) (ng/100 ml.)  (ng) (ne)

10 6e5 0?7 0?7

1

2 1" 6,0 Ok C6
b 195 9.0 Ok 0e5
& 12 70 0.8 0.8
5 10 5¢5 0e6 0.8
6 10 6e5 0e7 0.9

Mean . " Te1 0.6 , 0e7

These animals are referred to throughout the present work
as being “"partially deficient”,
Preperation of complotely deficient rats, The rats used in the
experiments in which resumption of growth and cure of xerophthalmia
were employed as oriteria, were treated up to the time of weaning
as described in the previcus section,  After weaning, however,
they were placed on the U,S.P, vitamin A-free test diet (Hawk,
Oser & Summerson, 1947) until such time as their weight remained
steady (e period of approximately 3 weeks), or until xeyophthalmia
developed (a period of & to 6 weeks), These animals aze
subsequently referred to in the present work as being "campletely
deficient”,
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Aquecus dieperaicns of carotens (88% - = carctene, supplied
by Lo Light & Co, Ltds, Poyle) were prepared using a 5% (v/v)
solustion in water of Tween 40 (Atlas Powder Co,, Wilmington,
Delaware), essentially as described by Bieri (1951) and Bleri
& Pallard (1954)s The pignent was weighed out (usually 10 ag),
Gissolved in a minlam of chlorofmm and 2 ml, of Tween were addeds
The mixture was heated to 70° * on a hotplate and the chlarufws
rooved under vacuam, 8 ml, of distilled water heated to 70°
were quickly added and the flask swirled to asaist aixing,
Furthar vacuum was appliesd to remove the last twuoes of chloroform
and the dispereion (eoncentration approximtely 1 mg/ml,) was
then reafly for use, Dispervions which were not parfectly aclear
were rejected since, as has been shown by Bierdi & Pallard (195%),
carotene administered as a dispexrsion exhibiting even only a very
slight degree of turbidity was mich more rapidly removed fraoam the
blood by the tissues than carotene administered as a alsar
disperaion, In view of the fact that the length of tise for
which carotéene oirculates in the plasma after injeoction appeared
to be an Ampartant factor influsnairg the amount of vitamin A
ferned (Chapter V), conalderedle attention was paid to this
matter at all times,

Anjection of dispersions

Dieparaimms were nopmmlly injectai intravenausly, For
this purpose a 1 ml. gyringe fitted with a 26 G x §* hypodarwio
needle was found most convenient, In the carlier stages of

¢ Polyoxyethylenesorbitan monopalmitate
+ All temperatures are expressed on the Centigrade scale,
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the work, injection was made into the vena cava exposed by
ventrel mideline incision, as described by Kon et al.(1955).
Later, however, injeotion wes made into the Jjugular vein,
exposed by neak incision, ar into the iliac vein, exposed by
ventral leg incision, These latter techniques were found
very much quicker and more convenient and required less surgicol
interference with the animal, Attempts were also made to
injéct via the tail vein, as desaribed by Bieri & Follard
(1954). This nethod of administretion, however, was not
always successful and proved to be very time consuming and flor
these reasons was not adopted as a routine procedure,

Ansesthotio

Disthyl-ether anaesthesia was used in all experiaents
in which a general anasethetic was roquired,

Carotane andi vitamin A in individual tleod and liver
samples were ostimated essentially as described by Thempson
£t als (1949) end Kon gt al. (1955)e  Livers were assayed
for carotene, vitamin A alcohol and estery bloods, however,
were assayad for carotene and vitamin A aloabol anly, einge,
@s has been shown by Kon et al, (1955), and later confirmed
in preliminary experissrts {n this labaretoxy (see Table 2),
variations in blood vitamin A ester after injection of carctene

are very slight, A brief outline of the proosdure is a8
follows,
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Table 2

Demonstrating the uniformity of vitamin A ester, relative to
vitamin A alochol, in the blood of partially deficient ruts
at various intervals after injection of 40O pg of carotene in

Tween,

between

Interval
&
(n

Blood plasme

dosing ;
et ﬂmfl‘.'

Vitamin A | Vitamin A  Caroteme

-Pn-opl"l

gﬁm nl, ) g@”o?u.)é@oo -1.)%

11 B X I o
7.7 ° 1100
AB 6.8 * 2200
0 * 920

TN 8.7 " Trace

¢ Control rats; data from Teble 1,

* It should be pointed out thet these levels of vitamin A
represent actual density readings on the absorptiometer
(see pe16) of only about 0,02, Nermally the blue colour
resulting from the interaction of antimony trichloride and
vitamin A cannot be identified visually below a density
reading of 0,05 = 0,06, The vitamin A values present in
the table must, therefore, merely be regarded as "blank"
values to which no particular significance can be attached,

Lxymotion procedure.

Blood,  Blood was cbtained from the ancesthetised
animel by cardiac puncture after cbteining aooess to the
chest cevity by vontral incdsion, The sample (usually
6~8 ml,) was tolen in a 10 ml, gyringe fitted with a 16 or
48 G ncedle and trensferrved to a 10 ml, centrifuge tube
eontaining one drop of heparin § (Evans Medical Supplies Ltd,,
Lendon) to prevent cocagulation, The sample was centrifuged

1 Prepered at a concentration of 3000 units/ml,
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at 2000 repems for 30 min to separate the plasma (usually 3«4 ml,)
which was drewn off by msans of a ayringe, traunaforrec to a 100 ml,
separating funnel and made up to 10 al. with diastilled water,

10 ml, of ethanol were added to denature the plasma, and the
mixture was extracted with 25 ml, of petroleum ether by shaking
in a mechanical shaker for 5 min. The lower layer was run off
and re-extracted with a further 25 ml, of petroleum cther as
described above, The petroleum extrects were then combined,
centrifuged, adjusted to wolume, and the carotene present
estimated, The solution was then carefully eveparated on a
hotplate at 70° and taken up in 23 ml, of petruleua ether for
chromtagraphy,

Liver,  After blood sampling the liver was removed fyom
the anizal and extrected under nitrogen in a Waring Blendor for
2=3 min witi: 15 ml, of distilled water, 3O ml, of ethanol and
100 ml, of petruvleum ether, The mixture was transferred to a
250 ml, separating funnsl and allowed to settle for 10«15 min,
The bottom layer was run off and re-extracted with a further 100 al,
of petrolewn ether and the extrects were coabined, centrifyged
and made to volums, The oarotene present was then estimated
and the extrect aarefully evsparated on a hotplate at 70° and
taken up in 2«3 ml, of petroleum ether for chromatography.

Chromatographic separstion.
Beagents.
Alumina: Alumdnium oxide for chromatogrephy,

(May & Baker Ltd., Dagenham),
Brockmann grede III, ¢

¢ Determined using the method described by Williams (1946).
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Sclvent:® Petroleum ether, boiling range 60-80°,
(British Drug Houses Ltd,, Poole),

Fluentss 1, 2% acotone (v/v) in petroleum ether,
2, 8§ ethancl (v/v) in petroleun ether,

The columns were formed in tubes (13 x 143 em) by pouring
a suspension of alumina in G ethanol (eluent 2) to a height
of 3=l ome This was most aasily ocarried out using a 250 ml,
polythene wash bottle filled about amp~quarter with alimina
and onoequarter with the eluent, Then the column had settled
the top was strengthened wit: 1 ml, of petroleum other, and was
then ready for immediate use, In practice 6 columns were
found a convenient number to handle at the one time,

Use of adsopption column,

The extzract in petroleun ether was poured onto the occlumm
which adsqrbed vitamin A alcohol and allowed carovters and
vitamin A ester t0 passe throughj any fat present also moved
through with this fraction, The chramtogres was then
developed with 10220 m.s of 2+ acetone (eluent 1) which
quantitatively stripped carotene and vitamin A ester off the
column, Further development with 20=25 ml. of §¢ ethanol
(eluent 2) removed vitamin . alechols Care was taken at all
times to awid umnectssary exposxe of the top of the column
to eir as wmdar these ciromstances there is likely to be an
undue destruation of both aarotene and vitamin A (of. Thompson

gt ale 1949).

® During the course of the work, owing to supply problems
in this country, n~hexane, as used by Thompson (1949),
was replaced for all chromatographic work by pe ether,
comparative experiments having established that there was no
difference in the behaviour of the two solvents,
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Cazotene, Carotenc was estimted spectrophotometrically
in a Deckmen, model DU, photoelectric spectrophotometer at a

wve length of 450 mu ( A ), uatng Efo = 2500
(Morton, 1342),
Vitamin A aloohol,  After chromatogrephy the vitamin A‘*-;_I

aloochol freuotion wes evaporated carefully on a hotplace at 70°;
taken yp in chlaroform, and estimated colorimetrically with
antimony trichloride using a Hilger "Biochem" Absorptiometer
(model H 810) which had been stamuardized against pure vitamin 4
palmitate (Lo Ldght & Co. Ltde, i'qyle)e

Yitaain A ostexr. Vitamin A ceter was estionted colore
imetrioally as for vitamin A aloohol, ihere fatty materiel
or pdgment (e.ge carvtam) was present, however, the fimction
was first seponifieu with 1 ml, of 60 KUH and 5 mle of ethancl
on a hotplate for 5 mine 16 nl, of distilled water were added
and the mixture was transferred to a 100 ml, separating funnel and
axtractal with two 20 mls lots of freshly distilleu diethyl ether,
The extracts were combined, washed with distilleu water and dried
over anhyurcus sodiun sulphatee The cambinad extraots were then
eveporated on a hotplate at 70°%, If no carotene was present
the residue was taken uyp in chlarofwm and estimated for vitamin A
in the normal way. +here carcvtone was present, however, the
residue was taken up in 2«3 ml, of petroleum ether and re-chromatos
grapheds After elution with 4» acctone to remove carotenc, the
oricinal ester was rocovered as vitamdn A aloohol in the 8. ethanol
fraction, This was then evaporeted to dryness, taken up in
ahloroform, and the vitamin /4 jresent estinated in the normal way.
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Although at the time the present investigations were
commenced all of the techniques just described were in standard

use in ovarseas labaratories, a mmber had not previcualy been
agployed in this ladbaratary. Por this reason a aanaiaarahle
anount of time was apent at the outset in cstablishing these

techniques, and in checking materiuls and methods, before
employing them for routine investigations, Much tice was
also spent in the preparation of the animals and in the generel
organization and running of the smalleanimal colony which was
Just in the process of being formed when the present studiag
were commenced, Daring the ocurse of this early work a
number of factors which ware suspected as being of impartance
in infamnging canvereion weze investigated in a prelicinary
ERnner, These rellminary studies represented very largely
an extanaian of the earlier wark of Kon et al, (1955) and were
of value not anly in providing a suitable background for later
work but also in indicating a mmber of possible future lines
of investigation, As most of these earlier studies were
later repecated in much greater detail, the results are not
reported separately but have deen intergrated with subsequent
work and presentad in the apprupriate chapters of the thoals,
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Antreduction

Numezeous reports have appearad anoaraisg the effect of
tho thyzoid on the oouversion of carctene to vitamin A, The
carlier work has been reviewed by Drill (1943) who amnaludsiy
"All the ovidmnos to date indicates that in the absence of the
tigroid gland aarotens is not motabolised to vitamin A" The
results of later work, hosever, appear someshat canfuaing.
Thus Camadal)l & Valaeasas (1947) reported that they were
unable to prevent ocular symptoms in hypothroid rets fuliawing
oral administration of aagotane while ixill & Truant (1947)
reported aimilar findinge in tiyraidectaxised rats following
suboatansous edainistrution of anrvtene in sesame oil,
Remingtan, Harrds & Saith (1942), on the other hand, noted that
orel doaing with carotanc was equally as effeotive an vitamin A

in cwing qye ocanditions in tlyrutdectamised rets,

Johnson & Baumenn (1947) and Kelley & Day (1948), using
liver storege of vitamin A as a oriterion, found that, after
the sa7e arel dose of carotene, animals rendered hypothyroid
stored leas vitamin A than ventrols, In ocontrest, however,
Wiese, Mehl & Deusl (1948), using growth as a criterion, showed
that the same amount of cayotens was sequirwi to elicit a fixsd
growth response in hypotlyyaid enimnls as in norsel animals,

In an effart to collate those divergent fimiings it was
thought deairedls that a study should be made of the effect of
the thyroid on the canvexeion of oarotene edministered hy the
parenterul route, Parenteral adninistration was chosen in
preferenge to the oral route in order to overvume any poseibls
offecte that variations in adeciytion of carvtere or its wehicle



might have on the outoome of the results (e.ge Coma & Goodwin,
1949)s  The present chapter descrides the results of these
studies using blood levels and liver storege of vitamin i, and
in addition cure of xerophthalsda, as criteria,

Genexel, The mterials and methods used were eammtially &s
described earlier with the following additions:

Bots, The rats used in Exps, 1, 2 and 3 (weight range 150=300 g)
were partially deficient in vitamin A and were maintained on the
basal diet alreedy described, The rats used in Exp, & (weight
rengs 100~118 g) weze completely deficient, as indicated by the
presence of ooular aymptoms, and wexe maintained on the U,S5.P,
vitamin A-fioe test diet (Hesk et al. 1947).

Rats were rendered hypothyroid either by surgical removal
of the thyroids or by treatment with Zethiouracil (Mey & Baleer
Ltd, , Dagenhem), er were rendsred hyperthyroid by injections with
the sedlum salt of l-thyrexine (Burroughs Wellcome & Co,, London),
the dosage lsvels used (see Tables 3, 4 and 5) being those which
safegengs €0 the literature suggested would give the desired
degree of hypo= or Nypurtlyruidie (e.g, Johnson & Baumenn,

19473 EKallay & Day, 19435 Wiese ot al. 194B). All animls
not Qyruidsctaniam), inalading cantrols, were adjested to

sham operation, As a measure of the effects of thsse treatasnts
the exygen conmmption of the rets was determined by a method
essentially as described by Morrison (1947). The determinations
veze mads on grogps of up to three rata in three cmsoaitiwe 15
min periods,



All carotene injections were made into the vena cava
cxpossd by ventral sid=line incision.

Results

The results of preliainaxy experiments on the effect
of thyroid activity on the conversion of intravencualy

administered aqueous disperuions of carotene to vitasin A

are presented in Table 3 (Exps. 1 and 2) fram which it is
apparent that, despite wide differences in thyroid activity,

as indicated by oxygen ammmption figures, the tigroid has
little effect on conversion. Thus in the first study, 24 h
after the injection of 40O ug of carotene in Tween, vitamin A
in the liver of hyperthyroid and thyrcidectomised enimals
fncreassd froa a control lsvel of 0,7 ng/liver to 93 and 9,0
ug/llver, respectively, vhile blood lovels inareasad from 10 mg/
100 ml, plasma in controls to 14 ug/100 ml, plasma in both
treated groups.  Simdlarly, in the second study, in which a
diffaent Tween preparation of carotene was used, liver vitamin
A levels of parmal, Qyperthyroid, hypothyruid and thyroidectamizsd
animals Anqrensad from a control level of 0.7 ng/liwer to 12, 13,
19 and 13 ng/liver, respectively, while blood leveis increased
fram & control loval of 10 pg to 25, 11, 23 and 18 jg/100 ml,
plasue, respectively.

In later experiments (Table 4 Exp., 3), in which higher
dosage rates of tyruxine and thicurecil were employed for a
longer pericd priar to injection of carotens, the above findings
were further confirmed, Thus, 24 h after injection of 400
1g of a Tween dispersion of carctene, liver vitamin A levels in
normal, hyperthyroid, hypothyroid and thyroidectoaized animals



e The effect of thyroid astivity on the camwersion of carotene to vitanin A 24 h after
iotraveanous admimistration of carotene as an ameaus dispexaion in Twoen to rats
mrtially deficiant in vitamin A,

Tahle 3
. Gygm  Dooe el e
g lio, W@WIVL A T Carotene|

Mean
used weight Treatment . BEstex'
| (8) (mle/leg/h) {ng) '(m/loo ml) (uAdmL)  (ug) (pe) (pe)  (pe)
1|2 | 20 None - - 10 C 06 01|07 O
6 150  Sham oreratian, 10 pg 1700 506 TN 6y  le2 Sel | 943 46
| thyraing subcutanoous~ . .
| | 1y dally far 15 doye |
before injection | .
6 | 165 Thyroidectony 15 daye 00 100 TN 62 o2 4e8 | 9,0 AL
| before injection ; -
2 | 4 | 200 | Shanm oncration 21 dgys 1300 40 25 Traco 5.l 7.2 '12 9
| | before injatian
4 | 130 | Shem gporatian, 20 pg 1300 400 n Trace  5e3 73 | | 20
| | Qyraxdre sulnrtanaus- ‘ |
; iy daily for 2 days | |
| before injootian | |
5 |23° . Sham operation 100 ng 1000 L0C 23 Trnoe Te7 i 19 12
thiomecdl arally daily
for 21 days before |
w |
5 230 Thryadsctany 21 days 960 400 18 Trace Sl 7.9 |13 b L)
| before injection . |




Tabtle e The effect of Hyruid aclivity an the canvarsian of carvtace to vitamin A
2, h aftor intravancun administration of aarvtene as an ageeds
dlsparsian in Tween %0 mts ;artially deficient in vitamin A,

-y

e T i | on A, r—
lio, lisan consunption |admnisterod | V. A Vi Carctens
g used weight Treatront | alcahol Moohal “ster T tal
G (dy/ka/h) ( pe) (/200 o) (pgimly  (pa) | (we) (ng) (pe)
3 2 25  han operated 28 days 1,60 - 1n c G b Ce6 | 1.1 Treoce .
pricr o injections (]
3 230 ' Chan ommted 26 aays 1460 400 19 Trace be | 6,6 11 15 \:
prior to injoction
5 20 San oparated. 30 pg 280 LOG 17 ‘race 560 5.6 11 n
l=-thyruxine subcutane--
. ously daily far 28
| days priar t¢ inkation ,
5 | 30¢ ghan operated, 25C mg 830 400 2 Trece S5e2 7.6 13 17
< i thimmaadl deily in
5 | 300  Thyroidectorised, 100 960 400 .18 Trece 3.8 | G4 1D L
J ng thiomecil daily in .
j feed fur 28 dgys priar '
- ' to injectim l |
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ingeased fioa 1,1 ug/liver in controls to 11, 14, 13 and
10 pg/liver, respectively, while plasaa vitamin A levals
increased from 11 1g/100 mle in contyals to 19, 17, 21 and
18 pg/100 ml,, respectively,

That the vitaain A appearing after injection was
physiologically ective and that its activity under the
present experimental conditions was in no way affected by
thyroid activity were confirwed Yty the results presented in
Table 5 (Expe 4)s  After injection of carvtene ocular
symptoms were relieved equally effectively in all four
experimental groups, wvhile weight increases in all groups,
with the ezoeption of that treated with thicureail, were
also appraxisately the same,

Discussion

The aain aim of the present experinsnts was to determine
whether the aotivity of the thyzoid gland hed any influance
on the course of conversion of intravenciualy administered
aqueocus dispersions of carotene to vitamin A, Conflicting
reports are still appearing in the litcrature concarning the
effeat of the thyrold on the canveralon of carotene to vitamin
A following oral administration, scme workers claiming convezrwisn
to be impaired by hypothyroidiam and enhanced by Rypatiyroidiam,
Cama & Coodwin (1949) have suggested, howsver, that these
differences may be associated more directly with the effect of
the thyroid on intestinal absorption than with its affect on
the mechanism of converaian, Parenteral edministration of
carctene, providing that the carotene is presented in a state
suitable for utilization by the animal, offers a convenient



means of studying any direet effect which ths tiyzruid may have on
the conversion mechanism without the complicating effects of
intestinal absorption,

From the results presented above it i2 alearly evident that
thyraid activity has no direct effect on the canversion of
intravencualy administered carotene to vitaain A, This
conalusion is dased on Anacreases in the vitamin A lewels of
the liver and blood after injection of a singls dose of carotene
into normal, hyp@atiyrvid, hypothyroid and thyroidectoaaized
sata, and on remisaion of speaific gymptams of vitamin A
defiocienqy after injection of oarotene into animale eimilarly
treated, The results oanfira, tharefure, the wark aarried
out with orally administered carctene by Remington et al.

(1942) and wiese et al, (1948). They contrast, howwver, with
that of Canadell & Valdsamans (1947), Johnsan & Baumenn (1947)
and Kelley and Day (1943), due prodably to Aiffwrenmms associated
with intestinal absorption, They cantrust also with the
results of Drill & Truaat (1947) obtaineu with paremtarslly
administared carotene but an explanation for this is difficult
to affers

Tiroughout the present experiments it is of intcrest to
note the significantly higher liver vitamin A stormge in the
groups rendered hypothyzodA with thicureail (Tables 3 and &),
an Arvegularity which has also besn reported in blood by Bieri
(1949) and which would apyear to be attributable to thicureail
Rer se rether than to the thyroid. The somewhat smaller
weight increase in the hypothyroid group after injection
(Table 5) would also appear to cunfira the cbservatians of
Wiese ot al. (1948), who have ecaphasised that when assessing .



the effect of drugs such as thiouwraail on carotene astaboliam
by biological assqys involving weight increases, allowance sust
be made for the growth inhibiting actian of the drugs themselves,

1s The effect of thyzoid activity on the amvesuion of

parwatearally administared carvtens $0 vitemin A has been studied
in rets, Animals waye remiared hyperthyzoid by subocutancous
Anjeatian of l~tyruxine snd hypothyroid by orel administration
of thiourewail and by thyroidectaxy. As a measure of the effect»
ivences of these treatments oxygen comsumptions were estimated,

2, Following injection of carotenc in Tween into normal,
Qyperthyrdd, thicureciletreated and thyroidectamised animals
which vere almost dsplsted of vitasin A, blood vitamin A lewvels
Anareasad unifosmly in all four grRys, iewise, liver
vitamin A lsvels increased uwnifamly with the exception of the
thiocuracil=treated groups whicdh were invariably higher,

3¢ After injection of carotsne in Tween into aimilarly treated
gouwps which were campletely deficient in vitamin A and suffering
froa xerophthalmia, eye symptoms dlasppeared at a cagmradls rate
in all four groups and weight inaensass following injection, with
the exoeption of the thiocuracil-treated group which was lower,
were approximately equal.

4 From these results it is ooncluded that the thyrvid has no
effect on the converaion of intravenously edministered aarotane
to vitamin A, and that any apparent effect following orel
administration 15 acxo likely to be associated with the abacrpties
of aarvtems, or its vehicle, rether than with the mechanisa of
conversions






Intreguction

It 15 now woll estahlished that corotene, administered
intruvenously as an aquoousd dieperaion in Tween, can be
amnvertal to vitamdn 4 in the ret, rabbit, pig, sheep and
adulak (cegge Kon gt _ale 1955). The site at which convereion
oacars, howover, has not as yet been detemmined, It was
arizinally suggested by lattson et els (1947) that parentcrully
administered ccgotenc might be utiligod after being scarcted
by way of the blle into the intestine, thc normal site of
oconveraion after orul auministration,  Bieri & inllaxd (1954),
however, oould find no decrease in comvuraion in rats in which
the bile duct hed been completely ligated, or in ruts from
which the small intestine had been removed, and concluded
that rats can eitfectively convert injocted carotenc at a aite
other than the amall intesatine, In further ex eriments the
samo authcrs showed that in nophroctanized ratz, and in rate
fron vihich up to 742 of the liver tissue had been ramved, the
anounts of vitemln & formed after intruvenous injection of
carotene dispersions were essontially similar to the amounts
formed in intact controls, Though it appeared probable
fran theso expariments that the utilization of carvtene was
independant of' the liver, the pussibility remained that
afiadent functianal tissuc wes present to effect conversion,
Par this roasan At was felt deairablo to repeat the exparimente
in the camplete absence of the liver, A series of exporinents
wns thercfore wuiertakon uaing hopatectanized and hepatectonizode
oviscerated ratn, and hepatectamzed rebbits, The results of
theso experinments are described in the present chapter,



Generel,  The materials and methods were as described previcusly
with tho fallowing additions:

Rets, The rats ussi 4in these experiments were maintained on
the basal dist previocusly described anu, unless othuywise

stated, wore all pertially deficient in vitamin A,

Surplee) procodure in the yets  Oving to the difficultics of
oithar canmilation® or the establishment of collateral circulation
in the rat, a simple acute technique was developed for remowal of
the liver, After subcutaneous injection of 1 ml, of a sate
wnted glucose solution the animals, meintained under diethyle
cthor anacsthesia, were opened by ventrol mideline incision
cxtariou to the left laterally as near as possible to the ribs,
The aorta was ligated as near as possible to the plewrel cavity,
the portal vein was ligated as near as possible to the liver,
and the vena cawa below and above the liver, The liver,
including the section of the vena cava embauded in 1it, was then
removed, The operuted animals received the dose of carvtene
in Tween by the Jugular wvein and were alaughtered up to ; h
later, this baing ebout the maximum period for which the animals
oould be kept alivee  Blood sanples were obtainod in the

normael wey by cardiac puncture,

In egprainents in which evisccration was performed the rats
used were stodkecolony does containing normel liver stores,

¢® Attapts were made initially to cennulste the portal vein
and divert its flow into the vonn cava prior to
the liver, but the tcahnical difficulty associsted with
this cparuation were so great as to render the tedmique
dopructionble,



ifter removal of the liver, tho viscoru, camprising the stomach,
emll intestinc, large intestine, lddncys, pancreas, adrenals
and gonads were ocompletely removeds The cavity was then
lightly swadbed with 1 in 30,000 adrenaline sclution prior to
injection of carutene in Tween into the jugular vein, The
hapatectoni sedeevisccrated animals were re-anassthetised after
% h and blood samples obtained by cardiac puncture,

Rebbitg, The rabbits used were fram an inbyed smoth-coated
albino struin supplied by the Ruslomxa Andmal Reacarch Station
smalleonimal colonye They were maintained on a basal dlet
simiar to that of the rats and rooeived in eddition a generous
allomnce of fresh grese aaily, Their vitamin .\ blood levels
and liver stores would, thercfore, bo expeotec %o lie within

ramwl was, in the main, similar to that desaribed above in

the rut, After suboutaneous injootion under tho foreleg of

5 ml, of saturated gluaeoc sclution, the anacsthetized animals
were opency by ventral mideline and laft lateral incisione

The aorta was ligated directly above the junction of the coeliao
artcery, the vena porta &8s closely as posaiblo to the liver and
the vena cava immediately below the liver, Next, the liver
wes tied off below the diaphrugn, and the whole orpan ramovexd,

4 10 mle control blood sample was then taken from the lower

vana cavie Carotenc in Tween was immediately injected directly
into the jugular vein and the animls allewed to recover from the
anonesthetics they werc agnin annesthotized 1=2 h later and
bled by caniiac puncture, Froo animnle of sufficient aise
en acddtionnl 10 ml, ®lood sam;le was also talen from the



Jugular vedn after half an hour.

Sempling end aogay of bloeds  After removal of the lver
hy the mothod described above, the hlood ciroulatiaon of the

ardmal was virtually rostricted, apart fran a smnll amouit

of callatcorul cirmulation throyh the body wall, to the
anterior part of tho body. In the rat this situation mede
it Qifficult to obtain sufficicnt blood fram individunl animals
for assay purposcs. For this ruason blood was usually
bullsed fyom two or thrve pats, so as to yicld not loocs then

5 mle of plasma, In ordar to gain some idea of tho extent
of cocllatarel airculation to thc posterior part of the body
after liver removal , blood aamples srore alsc taken fyom the
vena cava of the hepatectamieed rats at alanghter and simdlarly
bulled for assay, This procedure was not applied to rebbits,
however, because, ag noted earlier, after removal of the liver
and lomediately before injection all blood in the vena cawa
was withdrewn to provide the predosing (control) samples

in Tuble 6 (ixps. 1 and 2) alearly demonstrate that rawwval
of the liver has littlec effect on thc farvmtion of vitamdn A

from injected oarotene, the amountsc of vitamin /i ap earing
after injcotion balng simdlar to those in intact rats. Thus
in ixp, 1, within 5 min and } h of injection of 400 pg of
aorotane in iween into hepatectamized rats, plasme vitamin A
alcohal incrensad froom a control value of 10 pg/100 ml, to
57 and 50 pg/100 nl., rospectivelye  Sdmilarly 4in .xpe 2,
in which a differont curotenc digparsion was uscd, within



10 min of injection of 320 pg of carvtenc plasme vitamin A
aloohol rose froa a value of 10 pg/100 mle to a value of 49
/10 ml, while within 4 h and s h of injection, rcepcctively,
valucs of 29 pg/100 mi, and 45 pg/100 ml, were recarded.
Injection of intact animals with the same dispersion resulted
in an inarease in pleam vitamn / aloohol from a axrtrol
lovol of 13 ng/100 ml. to 42 pg/100 ml.

I% is intervsting to note that carotene was present in
blood fyrom the posterior vena ceve of hepatectamized rate at
alaghter in cancantratione renging fran 15=25> of that in
the anterior blood obtained by heaxrt puncture (Lxpe 2).
Adlthough this finding confirms the prescnoes of collateral
clraulation through the body wall to the lower part of the
animl, the extent of the alraulation and its daaring on the

presont studies would appear to be limited,

From the

results presented in Teble 6 (ixp, 3) it is clearly cvident
that hepatectouized=evisocrated ruts arc aapahls of converting
introvenoualy Anjocteu carotenc to vitamin A, Thue withdn

4 h of injootion of 320 ug of carotene in Tween, plasma vitamin
A aloohal levels in treated animls woro showm in the jresent
experiments to inarease fram a control value of 10 ug/100 mle
to 40 ug/100 mle i.6. to a wvalue aimilar to that reanrded for

hopateotamzx) anid intact animals.,

picture was fouxi to be essentinlly the samc as in rats although
inaxrensce in pleame vitamin A alochol lewvels following injection
of curotene in Tween into hepatcctomized enlimls were not nearldy
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;ml} 2.

Appantance of aarotens and vitardin A alaphol in the Blood of hemteutadi—sd rabbits
after intmvonous injection of Tweon dispamiam of carctene,

¢ Yeen inorease of 3 animals at ¢ h = 9,7 pg/100

= D Tice . Pa .
Yiean vm betwoen ,’ vme Carotons
weight| lature |/mount| Ia Amount | injection | T |
l(kz) (ol ) | (pg) (n) (pa/200 ml.) | m nL) | (kg/100 ml.)
T 2,0 | liome - Hone | - : Y6 . | Y
1 t 60 ; -l3 |
| 2,2 |Distilled| 1.0 | lkme - - i 50 ! | 0
| water 2 r 2 =16 i 0
| 1.6 |Tweon 1,0 | lme - - f 5 | 0
| | digpeein | 1 .. 3 20 | 0
| 2.0 |Tween 1.0 | Jome - - ! 63 | 0
| dispersion | 2 | X1 27 )
| 3.0 |Tweem | 1.0 Carotems|920 - I 52 0
disparaion | % ' 57 + 5° 1330
1l a +9 1130
3e2 |Tooem | 1,0  Carotene 920 - : 6 0
dispession % 8 a2° 20
| 2 56 430 1280
| 2,0 |Tween 1.0  Carotane 920 - 63 )
| dispersion 1 72 +9 2280
| 202 |Tween 1.0 Carotene| 920 - 50 0
! dispermion | 2 (=3] +10 1540
ml,

-Gl =



00 great, an ocbservation oanfirming that made previously by
Kon ¢t ale (1955) woridng with intoct animals,  Thus from
Table 7 it will be ocen that the increanes reanrdad withdn

% hy 1 h and 2 h of injcotion of 920 pg of carotene were
97y 940 and 10 uz/100 mle plasma, respectively, above the
nomnl lewvel, On the othar hand, howewer, valuce recorded
in undosed animels or enimals dosed with distilled water or
Twoen in the absence of carotono, showod a spectacular decline
to values of from 15 to 27 ug/100 mle plasma below the normal
levol within 1=2 h of liver removal, A consideration of
these two oppoaing trends would eppear, therefore, to leave
little doubt that in tho rabdit, as in thc rat, comlete
hepatectogy hos littic effect on the course of conversion of
intravencusly edministered aqueous dispersions of carotene
into vitamin A,

Discusgion

The main purpose of the present experiments was to confirm
whether animls narunlly capable of converting intravenoualy
adinini stered agueous digpersions of carotene to vitamin A oould
do 80 in the conplete absance of the liver, In rats, the
rocoults odtainad provide strikingly clear evidence, based on
inareascs in plasma vitamin A aloohol levels after injection,
that in the hepatcotomized andonl caroteno in Tween is converted
to vitamn A at en apparently normal ratee Similarly, in
hepateotanizcd~evisceztted animls, formation of vitamin A
appeared to proceed at an umiiminished raute aftar injoction of
digparaions of onrotene,



In rabdits the inareases in plasm vitamin A alachol levels
noted after injeotion of carotenc into hepatectamized animels were
considerebly amaller than in pats, owing posaibly to the lower
dooc of garotene administered, on a weight basis, or to a
spccics disfarence in the efficiengy or rate of canveralan
(%on et _ale 1955)e Since, hotover, in wsicsed amdmle and
in andmals doscd with distilled weter or Tween alonc, plasma
alcohol levels showed a steady decrease efter hepatectomy, and
since carcotenc administration offsct and reversed this trend,
there would appear to be no doubt that the formation of vitamin
A fallomng injoction of carotene dispersions into hepatectomized
rubbits ocours incpendently of the liver,

i/ftor these domwmnmd trunds in vitamin A plagm levels
were obscrved in operated rebhits not dosed with aurvtanc,
effarts were made to check whether or not a similor situntion
cxisted in rats, This was made diffiocult, however, by the
fact that the plasmn vitamin 4 aloohol levels of our nortnl
or defioiont rats were not incroaeed significantly by massive
orul doses of vitaenin A cancentratc, so that effurts to check
the pooaibdlity of any dealins in the vitamin 4 in the blood
of rats after hepatectamy met with no success,

The reasan for the sharp drop in vitamin A in the blood

of hopatoctomiszed rebbits not dosed with onrotenc is at prosent
o matter for amjedture, The docrease may popasibly nrovide

o measure of the rate at which vitamin A is metabolized by the
tissues which are still functioning in the animel, It could
also posaibly be ascociated with and dmo to the shocid canditian
of thc andml fulloving surpery, although this is problematical
adnoc Kon gt al. (1955) founi marked fluctuations in the blood



of robbits ceven after simple vengpuncture and a frank docrcase
aftar vaspunctoo of rubbits injocted with Tween, In any
event the decrease would appear to be quite indspendent of any
taxdo or injuriocus effects of Tween @inoe no eignificant
difference in behaviour could be obscrved between those animals
injected with Tween and those injected with distilled water,

It 4s aignificant to note that, as a rasult of tho conditions
undor which these experiments were carvied out, the formation of
vitamin A aftear injeotion of carotenc in Tween has been ghown to
be independent of not only the liver but also of many other
oryans and tissues, Por examplc, as previoualy reportad by
Dierd & Fallard (1954), the appearenco of vitamin A has been
ehorm in the present series of cxparimnts to be unaf'focted Yy
ligation of the bile duct or by ramowul of the amall intestine
and lddneys. Simlarly, the level of vitamin A alrculating
aftcr injoction was not diminiched {y axtirpation of the stomach,
luarye inteetine, pancreas, lddneys, adrencls and gonads, or by
coplete ligation of all tho mnjor blood veasels supplying the
dorer part of the body.

Conaideration of these results would eppear to lend syppart
to the oonclusion of Bieri & Pollard (1054), with which Kon
et al. (1955) concur, "that perhnpo many tissucs posscss the
ability to convert carotene”, The (\urther poseibility
mst, hovover, also be considerod that other tiasues in the
anterior part of the body may be specifically involved in
canveraion, Experiments were therefore plarmed to test
this peasibility, the results of which are presented in the
folloving chapter.
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Sumpery

1¢ Tho utilization of intravencualy injeoted Tween dispersions
of carotane has been studied in hepetectomized and hepatectomizeds
oviaccrated rats and hepatectomiszed rabuitse

2¢ After injection of 300=320 pg of carotene into hepatectomized
rats, plasma vitamdn 4 aloohel incrensxi markedly from the contrel
lovel of 10 to as high as 57 pg/100 nl, at various intervals wp
to % h after injection,

3¢ In hepatectomizedweviscerated rats injeoction of 320 pg of
carotane caused the level of vitamin A aloochol in the plasma to
increase from a oantrol walue of 10 to 40 pg/100 ml. within 3 hs

he Injection of 920 pg of ocarvtenc into hepatectamized rebbits
cansed an inarease in vitamin 4 alocohol in the blood of wp to

10 ng/100 ml, plasma within 2 he In the absence of injected
aeayotene, hovewar, aloahol lewels decxreased in a spectacular
fashien after hepatecteny, & maximm drop of 27 pg/100 ml, plasma
vein;; recnrda: after 2 he

5¢ Irom these results it is concluded that the conversion of
intravanoualy edministored aquoous disperaions of carotenc to
vitanin i is not adversely affeoted by camplete removal of the
liver in rebbits, or by camplete removal of the liver and
viscere in rats,
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Introduction

In Chapter II it was demonstrated that in the rut the
formition of' vitamin 4 from carotenc, administerwi intrevenously
as an anquecus disperuion in Tween, was unaffected by complete
recoval of the liver, stomach, small intestine, larye intestine,
pancrean, lddneys, adrenals anc gonadse «hile these reeults
were regardeu es support for the conolusion of Dierld ! Fallard
(1954), with wiich Ron et al. (1955) concurred, "that perhups
many tissucs possess the ability to convert aarote:e®, the
posalibility still reminod that perhaps other tissaes in the
anterior part of the body were specificully involved in converfion.
Fram the ovidenoe presented in Chapter I there appeared to be
good grouwnis for rejecting the thyroid as the site of conversion,
Thc possibility still remainen, howcwer, as suggested by Koo
et als (1955), that the lungs werc specifically involved in the
brealgsiown of injectoed caroteno, It was thought lgortant,
therefore, that this possibility should be fuxther investigateds
The present chupter describes the results of this work togethar
with the results of a further study concarmming the effect of
doaapitation on tho conwrsion of intravancusly administered
oarotene into vitamin .,

Lxperimontal
Genexal, The mterials ana methods used were similar to
those uscd eurlier with the followin; akiitions:
Hots, The rats used were partially ueficient in vitamin A
and maintained on the basal diet previously describede

i of the Be For annecathesia a combination of



veterinary nembutal (Abbottlaborataries Ltde, London),
injected subcutaneously, and diethyl ethcr wus used.
Nembutal was usca to ensure prolonged ansesthesia since

it was not possible to aumdnister further ether ance
auyary had aamnaexl. Firstly, the truchos was exposed
and a aannulo of nylex tubing (1 mm intermal uianeter)
inserted and conneoted to a manually=operated "respirator”®
containdry: pure oxygen. Next, the abdomen was opcned

by ventral mid=line ana left and right laterul incisions

as nocar as possible to the ribs, and the pleurel cavity
opaned by two parallel incisions on eithier side of the sternume
it the saxe time, with the ald of an assistant, artificial
rogpiration was ap;lied hy means of the respirator,
Successive lobes of lung tissue were then aquickly tied off
and camyletely removed, Fdnally, (el mle of a solution
of corotene in Tween plus Oe1 mle of a 1 in 30,000 solution
of adrenaline were injected directly into the vena cava and
blood samples were token by curdisc puncture eppraxnately
5 min later (runge 5 = 7 ain), Just as thc action of the
heart sturtec to woaken,

HRegoval of the heads Adthough there was no oonvinaing
evidenoo to suggcst that any ef the orgens and tissues of the

head or neck wus specifically invelved in the breakdovm of
injootai curetene it was thought advisuble, for the sake of
com . letenoss, to check this point, A collar of fur was
first cut from arauxi the neack of the anacethetized andmal,

The left corotid artery was then dissected out, tied and cut,

* Illustruted in rlate 1,



folloed by the left jugular vein, llext the right aurotid
artery wes tied and cut followed by the right jugular veine
The whole hoad was thon severeu below the darynx and the
otump swabbed liberuldy with a 1 in 30,000 evlution of
alramlim, Two amall arterice lydn:; doraally on either
side of the apinal column were quickly clamped and the
ardral was opaned & an injectdon given into the vena cavae
idood samples were obtuined by caddio punoture 5 min later,

In both ecries of axperiments livers as well as bloods

wore taken for assaye

Results

2he [¢) the o

Proa she reoults (resented in Table 8 ( xpe 1) it 48
aloar that there was little apparent difftgence betwean the
amount of vitamin .\ farmed in intact animals after injeotion
of carctene and the ancunt formed in aninels from which all
functional lung tissue was ramoved, plosm vitanin A alochal
lcvels of both groups increnaing from the control level of
17 ug/100 mle to 39 and 43 ng/100 ml,, respectively, within
5 min, Liver lewels of vitamin A of both treated grogps,
horever, showed no dncrease over thc control group due RO
doubt to thc short time intervul inwolved,

The Lk

The results in Teblo 8 (ixqe 2) provide clcar cvicenae
that no mrt of tho head or nedk is in any way specifically
involved in the conversion of injoctou carotenc to vitamin 4,
blood lovels of vitamin » alcohol within 5 min of injection



Zable U, Appearance of carctore and vitamin A in he dlood and livars of mwunrotnissd
(™pe 1) and decapitased (Bxp, 2) @ Sminmermmofmmtcmin
Twean, (lean woight 250 g).

i"‘-:-p.’ rots | Troatment m Substanog | Vitamin A| Carotens ?Vita:nn A itadn A Carota®

used lature /mount| Iature [Amount Alcchol ) ester alccehal
| (nl.) (ne) | (nof00mil) |(pe/200 md.) | (ng) ) (e
o ! ]

1 3 | Dane liane | = Tiane - 17 o} Ce8 Cols Treoe
3 | lone oan | G4 | Cwotas | 400 39 4500 0.7 Ce5 Trece
. —

| 9 | Lumngs ™ween | O | Qutmna| 4O | 43 50300 1.1 C.7 Trace
‘ rawved  digoarsion

2 [ 5 | lone Jione - lione - 19 1 o} CeD Ceb Troce
b lone Toaez | G | QGuotane| 46C 16 6300 . 1.0 Ce? Troce

| Ciorogmicn '

5 Head Twen | Ol | Comobae | 40C | 4K 7600 0.9 Ceb rece

' removed  digpasion |

| ! | | |




showing an inarease fram 19 pg/100 mle. ploama in oontrols
to a roan level of 40 /100 mle in operuted andinols 1€
to a level comparmble with the treatou groups in the

ixrevious ex eriment,

Liscusaion

In earlier experiments reported in Chapters I and Il
it was shown that remowal of’ the thyroid, liver or visocera
had no influence on the animal's ability to convert injected
cgotane to vitamin i, The aim of tho present exparioents
mas to determine what effect, if any, rcaoval of the lungs ar
the head and neck had on this function, From tho results
it is evident thaut in neither case oould any effeat be
demonstrateds It would appear probable, therefore, both
fyom this eviuonce and from that submittod previoualy hy
Aleri & Pollard (199 and Kon ot al, (1995), that tho ability
to convert injected carotene 18 an attribute not of any one

orpan or tissuc, but of many,

At the present timo it is unfortunately not possible to
say with any degreec of certainty which tissues in particular
ure oapable cf oonverting injectec curotenc, It nay well
be that all tissues, or oven perhaps all calls, are involved
at lcast to same extent, The further possibility must alsoc
be considered that the blood may in some way be inwvolived,
sith a view to investigating these posaibilities more fully
it wus decided to carry out a scries of cx;crimente with
tissucs from the rat, guinea pig, and sheep, uming various
in vitro tochniques, In this wey it wus hoped to obtain
further infunmtion concerning not only which tissuso were



axpahls of effecting conversion, but also the actual
rechaniam of conversions

Summaxy

9¢ The effect of lung removal and decapitation on
the conwvarsion to vitandn A of intravenousaly adrninistered
aquoous dispersions of curotene has been studled in the

rate

2 within 5 min of injcotdon of 400 pg of carotenc
in Tweon, the level of vitamin 4 circulating in the
blood of animals without lungs wus the same as the amount
ciroulating in the blood of intuct control anlmals,

3¢ Similorly, within 5 min of injectian of ocarotcne
the level of vitamin i formed in decapitated animuls was
the same as that formed in normal animals,

4 From these results and {rum those prosented
previously, it would appeer that the ability to convert
injectou aarutane to vitamdn A is not a function of any
onc orzan or tissue, but of many, Poasibly all
tissucs, or even all cells, are able to effect conversion,
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Zatrodnction

Humerous attempte have been mode to demomstrute the
in vitro convereion of caroteno to vitamin . but the results
for the most part are oonflicting, Thus, Oloott & McCarm
(1931), Pardente & ialld (1932) and Euler & XKlusamarm (1932),
in experiments in which minced liver tissue or liver extructs
were inoubated with colloidal carotene, obtained evidence for
the formtion of vitamin A by the prescnoe of a typical absap=~
tion damxi at 328 mu or by a positive antimony trichloride
oolour reaction, On the other hand, Rea & rummoni (1932),
Buler (1952), and later, ihmd (1934), were unable to canfirm
these results, and iTummund & Macvwalter (1933) could not obtain
vitanin /i fyon aurotene which had actunlly been taken up by the
diver cells prior to mincing and incubation, In critically
diecusaing those fimilngs fioolf & loore (1932) pointed out the
difficulties inhcrent in such studies and the unocortainty of
dotecting vitamin /» in the small amounts in which it was
alaimed to have been produced, and more reoently, Glovor
gt al. (1948a) have notod the diffioulty of distinguiehing
the 335 mu peak of carotene cip-isomcrides fyom that of
vitamin A at 325=328 mu when other ausorbing substunoces aro
prosent,

More rvoent studies have likewise producoed equivocal
reoulta,  Thus #lese gt el. (1947) and Rosenberg & Sobel
(19531, b) observed a positive incrcase in vitamin i after
incubating the intestines of rats with carotane, A aimilar
rosult wis obtained also by Glower ot al. (1948a) but the
inauasc vas oconsidered by the cuthors to ve insfficient to
assert definitely that in vitro conversion had cocaxrreds 1In



csperimants with calf tissues Stallcup & Herman (1950) dem=
onotruted converaion of colloidnl csrotene in mincex livor
preporations and in isolated intestines, Similarly,
cGillivrey (1951) obtained evidence of conversion in
isolated sections of surviving sheep intestine, In cantrast
to theee findings, hovever, e & Swdiararmjan (1951) 4in the
Tut, and bierd & bollard (1953) in the rat, rubbit end calf,
were unnble to demmstgrate any fnarense in vitamln A after
incubating whole intestine with carovtene, Hegative results
woere reported also by Kon & Thompson (1951) 4n the rut, waridng
in collabaration with Fieher & tursons uslng the perfusion
techniquo desaribed by tho latter authors (Fieher & Pareons,
1949)

From the wark prosented in the preeeding three chapters
it seans clear that the conversion of onrotenc to vitamin A
folloving intravenous admdnistration is not restricted to any
one particular site but is widespread throughout the body,
and it has been suggested that all tissues, or perheps even
all cells, are capable of effecting conversion, With a
viow to canmining this possibility in moxe detail it was
decided that a scries of in vitro experimenta should de
undartaitan using carotene dispersod in Twean and in emuilsion
forn® , Such studies it was hoped would provide informetion
not anly on the ability of differant tissucs to convert carotene
to vitanmin A in wivo, but ultdcately, pcrhaps, also on the

* For evidonoe concarnirny: thce eanvaraion into
vitamin A of ocurotene adednistcreu parentcrelly
as an emalalan, sec Chapter VIII,



actual mechanianm of conversion, It vas farther hoped that
the information obtained would also assist in somc mcasure
in collating the divergent findings of earlier waricars in the
in vitro field, Three different especies were investigated
(the mt, guinea pig and sheep) which were lmown normally to
be capeble of converting injectod carotene®. Fuxrther, to
help interpret the results obtained, in vitro studica on the
actabolian of vitamin A and retinenc by different tissues
were also caxrieu out,

Experimontel

Gonorale The materiales and methods were as described earlier
wvith the following additions:

zats. Two different types of animels were used in the present
worite The first were inbred Wistar animals similar to those
used in the jprevious experimenta, The second were an inbred
astrain of Hooded Narwegians obtained from the Dunodin ledical
school smelleanimal colony, At the tine the present experie
ments were undertaken the Massey colony was scriously depleted
in numbers andi the above animals were obtained to overcome this
ahortage, /dl animals when used were partially deficient in
vitamdn 4 and were maintained on the busal diet previously
deocribede 1n every cxperdment a mixturc of aninmals was
used with roughly equal numbers of each type.

Guinee pigg, Guinca pigs (weight renge LUO=500 g) were
obtained from the College Veterinary ucpartment colony. They

*  videnoo oconfirmins conversion of intravenoualy
administcred carotene to vitamin /4 in the guinea
pig 15 presented in Chapter VII,
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were inbred albino animals and were maintained throughout
life on concentrate cubes®™ and fresh grasse Their vitacdn A
blood levels and body stores would be expested, therefore, to
lic within the normal renge.

Sheep.  The two sheep from which blood was ocbtained were
purehred male Romngys from tho Colicge floak and at the time
of the experiments were pasturing on a typical cloveryfryegrass
associatdon on the Collaege £arme

Corotenes The carotene used in these exporirents was 100
fi =orotenc as sgpplied by the Eustmn Kouak Cos Litde, New Yorke

Vitamin A The vitacdn A used wao an 0il cancantrate of
vitamin 4 ester obtained from Glaxo (ils.e) Ltde Vitamin A
alochol was obtainea by saponifiocation of the latter followed
by chromatogrephy on alumine as doscrioed on pelle

Retinene.,  Retinene (vitanin A aluchyde) was preparcd from
vitamin A aloohol hy oxddation with manganese dioxide using
the method described by Sall, GoouwAn & Morton (1945). The
products werc seperated by chromatogrephy on an alumina colummn
yrcpared as desaribod proviousdy (eecc pei4).  Retinene,
charecterizsed as a broad brown band which moved slowly down
the column, wiis reoevarwi in the 2. acctane fraction, Ite
identity was further confirmed fyonm its absorption spectrum
as publiahed by BDall et ale (1948).  The amount prosent
was estimated spectrophotometrically in a ficalman, mowel DU,
gpoctrophotamoter at 370 ciw using a vulue for E;h = 1250
(Dall et al, 1945).

* These oubes were a speciol guinea pig ration, acompowsded
for the Veterinary departnent by ie & Re Fletcher (lioZs)
Ltde, of the followin; eppruoxdmate compoaitions sround
vheat 39, pollard 15, brun 1j, groun madze 13, linsced
meal 10, meat ceal 5, drisd bloud 3, vheat germ (69,
Cacoj 049, and NuCl O¢3se



Aquaous disperoions of vitamin 4 and retinene were prepared

with a 23> (v/v) solution 4n wnter of Twoen exactly as
desaribed previousaly for oarotene (see pel1).

Excperstion of emusions,  Lmulsions of carotene and
vitamdn A were prepared using the method of Shafiraft,
Mulhollani, Roth & Baran (1949)s 50 g of glucose and

D g of gelatin were dissolvod separately in wator am
blended in a daring Ulendor with 100 g of arachis oil
containdrny; the apuropriate quantities of either curolens

or vitaanin A alochol or paimitate, The volume was
adjusted to 1 1, with vater and thc suspension homogenized
at 3500 1be/Bgein. in a ainglo=sty:c, pdston=type homogenizer
to give an emilaion of avcrage particle sige about 0.6 u and
few articles larycr than 1 n dlamoter,

i8 the carotene and vitamin A were destroyed fairly
ropidly, even when emalnions wero stored umicr nitrogen
at low tamperatures, all emalaions were used as soon as

pooaible after preparation,

k on 810 cal e Krebs=Ringere
phogphate and Krcbe=Ringer-bicarbonate sallaes were prepared
by the stamiarG methods as described by Umbroit, Burris &
Stauffer (1945). The solutions were mede up at approxe

imtely weckly intorvals anu maintained at 5%,

Zerfusion exveriments
Eorfusion through the intact rat,  In proliminary cxporizents

with rets atten;ts were mads to follow the bulld up of carotene
anu vitamin A in inddvidual axgans by perfusing the intact
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animal with carotene and vitamin A in warm, well exygenated
(95: 0,8 5% CO,) saline in tho abeenco of bloods  This was
achieved by opening the chest cuvity, rapidly carmulating the
aorta and vena cava immediately abowve the diaphragn with 1 mm
bore nylex tubing, pumping saline through the animal (at the
rato of agpraximtely 20 mle/min in the directian of narmal
blood flew) until the lquid leaving the vena cava was
colourless, and then perfusing continucualy with 200 ml. of
Krobemtingar—p/Biato or =bicarbanate at 37° aatatning
carotene or vitamin A in Tween for periods varying from 5 min
to 4 he For this latter purpose a amall perfuaion apparatus
with a variable delivory rate of fram 20=50 mle was canstruoted
and eet yp as illustreted in Plate 2,

also with rats, attempts were made to perfuse various isolated

orpans (e.ge lddney, liver and lung) with carotenc and vitamin A
pmpamtlm,udngthqmwﬁmasabm,inmaﬂe&m

to determine the mamner in which these preparations were metae
bolized by the different organs,

oorice of expeariments involving poerfusion through the lumen

of the intectine of the rat, both in vive and in vitro, an
opparatus similer in principle to that described by Fisher &
Paruons (1949) wos aonstructad,  As pointed out by these
authore thc use of such an apiaratus affered the adwantage of
allowing perfusion of oxygenated saline through the lumen of

the intestine before the blood supply to the organ was severeds
This was felt to be of importance since, as has been demonstrated
byFialwr&PumaU%B).cmthehﬁefeatMmypmmm



igpartant changss in the intestinsl mucesa which fer outlast
the period of anoxia and which may be a limiting fuctor to

SuCCehhe

The rats were lightly anaesthetized with ether and opened
Yy ventral mid-line inoieion, The intecatines were cannulated
with fino glass aannulae of 3 mm intcrnal dismeter, one canrmla
boing insex¢ad in the region of the pylaric sphinoter and the
other in the region of the ileo=caccal valve, Circulation of
200 mle of warm oxygenated salinc thxougch the lumen of the
intecotino was coomanorxl and the oryan was removed fyoa the
anioal (oare being takan to tie and ligate all blood vessels)
and euspendsi in & flask of axygenated aalino held at 37°,
At this point the dispersion or emalsion of carotenc, vitamin A
aloohal or retinens was introduced into the fluld passing
throgch the lumen, ené the epraratus left to run far 2=4 h,
The ciroulating fluid was then collooted and the intestine
removed and assayed for carotene and vitamin A,

Prepaxation of tissues for incubation, — Tissues were removed
as rapddly as posaible fran enirmls (rats and guinea pigs),

after a sharp head blow, ani immediately plaood in chilled
KrcbesRAnger solution, They were then either aliced free
hand to a thickness of approximately 1 mm or homogenised in

a food blender for 5-10 sec with a amall amount of saline,
Theec proparetions were weighed out in 2«5 g batahcs and
incubatod acrobloally far 2-4 h at 37° with carotene, vitamin A
or rotinenc in saline (1 g of tiasue to 10 mle of saline)e
ffhole intestines, rapidly removed from the endmml after guturing
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+ both ends and administering corotcrx or vitumdn ;i by hypodarmio
.yTinge into the lumen, and finally chopped intcetines, were also
incubated for wryin; periods {rom 2~16 h,

Ingubation of bioods,  ilood samjles fran rats and guinea pigs
ware taien in the normel way by cardiac puncture, In the case
of shecp, however, Lloou samiles (normuily 20«30 ul,) were taken
into an heparinized contusdner by means oi & 15 G needie inserted
into the Jjugular vein, «ll bloous were incubated immodiateldy
after collection with curotene or vitaoin 4 for periods wuarying

fxon 5 min to 16 h and were kept well oxygenateu with a mixture

of 95, 023 ﬁv 0020

M £ apotence ami vi A

Corotene and vitamin A alochol anu cster were estimated in
body wall, intestine, Kldney and lun cxuctiy as decscribeu for
liver on peld-

Besults
i ) nte
I on 7 tact rat. In exjeriments in which the

aorta and vena ouva were conmulateu, the blood wesheu cut, and
the body perfused with a Tween solution ef curviene in aaline
(Table 9, ixpe 1), no builu up of vitaumin i in the different
organs or tissuos of the vitamin A deficient rat or in the
cirandating fluid could be demonstrateu up to 4 h though carotene
wus taken up in consicerable amounts by the kKlunecy and liver,

It was of interest to note the presence of cousiucrsble amounts

oi’ curotene oxiuation products in the vitamin 4 aleoohol fraction



on extregtion of the circulating fludd efter perfusion, That
the roading obtained on this freotion wus not true vitamin A
was suspectec fram the atypical, non~f 3, bluewgrey colour
foruwed on mixing with antimony trichloride reagent, and wes
coniimmed by ap.lyl:ig the three-point corrcction procedure of
vainy Colldns ¢ Nortoa (1951). iihen a Twoen solation of
vitamin A alcohol in ealdnc was perfused through the animal
(7able 9, ixpe 2), vitamin .. was taken up by the cercase,
Ikddaney and lver in wvarying emounts depending on the perfuaion
interval, anu it was noteworthy that the vitamin A appearing in
the liver after perfusion was mainly in the ester form whercas
that appearing in the iddneys anu caraase was still in the form
adainistered,

isoluted rut orppans. The results from these
experiments are presenteu in Tables 10 and 11, From a considere
ation of the results presented in Tuble 10 it will be scen that
there was no evidence to indicate any formation of vitamin A 4n
thc isolated kidncy, liver or lung after perfusing with curotene,
either as a dispersion in Tween or as an emlsion, although
destruction of the circulating carctene was quite appreolable,
In the perfused lun;; there was a relatively larger Grenlaiowmn
of carotene in vwen (a8 Judged by total recovery) thun in the
Jiver or kiuney although storage of curoienc in the latter tvwo
greatly excuvedes that 4n the lung, The greater brealalovn of
acarctene in the lun;: was also agvampanied by camparatively
higher blue readings with antimony tridhloride reagent, These,
hoever, were nonesfading atypical blues anu when tho three=paint
correction procouure was ap. liea to the original solution there

was no eviaence of vitumdn 4 being present, From a comuerison
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of the rosults obtained efter perfusing, carotene as & dispereian
in Tween and as an emlsion it is ap arent that the latter wes
very muph more readily destroyed than the former, but whether
this was due to a difference in particle size or to a difference
betwcen the two in thelir relative etability in aaline is not
lnowmn,e

vhen vitanin /1 alcohol, as a Tween dispersion or as an
cailaion, was perfused through the individual arpans (Table 11)
a build up of vitwndn A was notod similar to that which ocourred
on pexfusion of the intact andmal, Further, as in thc
carlior experiment, the vitamin was obsorveu to be prusent in
the liver mainly as the ester anu in ths kluney mainly as the
aloochol.

Pexfusion through the lumen of the intestine. Using the
technique oi Ficher & rareans (1949) no vitamin A ocould be

damonstrated in either the intestinal wall or the perfuaion
fluid after circulating a Tween solution or an emulsion of
carvtene thuouwh the isolateu intestine i'or jerious from 2«
h (Table 12, xps. 1 and 2)s On the other hanu, perfuaion
of the intostine in vivo with carotene for 2= h resulted in
aoczmlation in the wall of quite measuremble quantities of
vitardn ~y in both the alcohol and ester foims, In the
datier ax; eriments aninnls were kept under diethyle-ether
anzestheeia throyghout the experimental period and, apert
from inscrtion of the ocannulas into the intestine and circul=-
ation of the ;jerfusion flulu, were not interforovu with in any
other waye Perfusion of 100 pg vitamin 4 alcohol, cither as
a Yween dispersion o:' as an emulsion, throysh the iesolated

inteatine using the Fisher & Farsons (1949) technique resalted



in a fairly luxye bujld up of vitanin 4 (mainly as thc ester)
in the intestinc at 2 asu 4 h (Table 12, -xps. 3 an: 4)e
Furthermore, the level of blood vitamin A ester (thc narmal
transport form fram tho intestine) aenu the levels of alcohol
axi coter in the ddver were ail eignificantly increasced
follovAng perfuaion in vivo (not, however, shovm in Tuble).
In o single experiment in which 100 pg of retinenc in Tucen
was ciraulated through an isclated surviving intestine tho
amount and the form of the vitamin present after perfusion
for 2 and 4 h was fadrly similor to that after perfusion
with an equivalent amount of vitamin . aloohol for the aune
time (Table 12, Expe 5)e This obscrvation was felt to be
of oconsidcruble sipnificance since it quito clearly demonstrated
that retinene, which has been postulateu as a possible intere
pediote product 4n tho canversion of curotenc to vitamin 4
(Glover gt _al. 1948b), could be absorbvo., netabolized to
vitamin 4 aloohol and esterifiec in the survivin 4intestine,
amy fyas the andorl body,

expe 8

JZncubation of rat tissues. Table 13 presents the results
obtodneu on incubating tissue slices a:xt tissue hamogenates
fron rats vith curotene, vitamin ;i and retinenc in Tween, and
curotenc and vitumdn A in caulsion form, rom the resulte
of £xpe 1 it 18 cuite cleaer that no vitamin .. was formeu on
incubating carotene, either as an agueous dispersion or as

an emulaion, with tissue slices or homogenatco of abdamineld
wail, intestine, ldiney, liver and lunge In neorly every

case, hovever, allowances had to bo mode for the presence of



carotene oxidation products which gave stable atypical blue
colours with antimony trichloride, This vas especially
true af'ter incubating cayvtene as an esulsion when much of

the aurotene jresent was inwvariably destroyeds Incu.ation
of 80 pg of vitamin A elochal in Tween ani in emulsified form
with rat tissue hamogenates ( xp. 2) yielded interesting
ronultse Unkier the conditions under which these ex eriments
were carried out abdominsd wall, kidney and lung were unahle
to esterfy the free vitanin either disperseu in Tween or
erulsified, Homogenates of intestine anu liver tissuc, on
the other hani, were each capable of estoerification in vitiro
but the reaction in the lattor cose was very muioch alower than
in the former, In a further emperiment (:kxpe 3) in which
100 pg of retinene in Tween was incubated with homogenatea

of intestine, kidney and liver, approximately one-third of the
dose was recovereble as vitamin A after 2 h incubation and
almost one-quazter after 4 h incubation, Ho free retinenc
could be identified after incuvation, however, which is perhaps
to be expected in view of its somewhat reactive nature,

Using whole and chopped intestine (approximately 1 om in
longth), numerocus attempts were mode to Jamonstrete the in vitro
conversion of carotene to vitamin i, A sample of theso results
is prescnted in Teble 14 (kxpe 1)  Many variations in the
incubation intcrval, in the form and concentration of carotene
and in the type of aalinc were tried and sevorul diffcrent
tochniques published by workers who claim to have effected
dn vitro convereion were repoated (e.g. lilese gt al. 19473
Rosenbery; & Sobel, 1953a, b), but without any apparent succesg,
On the other hami, hovever, vitandn A alcochol was repidly



osterified by these preparations (Table 19, Exps. 2), being
virtually eomplete at 3 he In the 1light of this latter
result, it is interesting to note that if any of the intestinal
preparations useu had been able to convert oarotene to vitamin A
in vitro, the main iacrease in vitamin A ahould have been in
the ester fomm, Thins, however, was quite certainly not the
casc, the anly increase noted being in the vitamin /i alocchnl
fraction, and after correction this was shown clearly to be

due not to vitamin 4 but to oxidation products of curotene,

Incubotion of gulnoa pii tissuo,  when carotene, either as a
disperesion or as an emulsion, was incubntod with gulnea pig
tissue slioes, or homo enutes, of abdaminal wall, intestine,
#idnay, ldver and lung there was no eviuance %0 suggest
formation of vitamin A by any tissue (Table 15, xXxpe 1) Tho
results octuinod arxi the concluaions druwmm, generully, were

the sanc as thoso for the rat and will not, therefore, be

discussed furthsr here,

In contrast, hawever, the rcesul!s obtained after incubating
guinea pig tissue preparations with vitanin A alcohol were
ourkedly different fram the rat (Table 15, Expe 2). thereas
in the rat approximately half of the vitamin .\ was recovered
after incubation, mainly in the ester farm in the case of the
intestine wx the liver, in the guinea pi;; same tissues camplotody
doatroyed vitemin A during incubations ~fter incubation
vitamin i was recovered only fyrom the lung prepauration (as the
alcohol) and fxram the liver preparation (meiniy as the ester),
Since the intestinal preparstion was so effuctive in destroying
over 90 of the vitamin A in the dose onc wonders vhicther in the

living animal a aicilar state of afiairs exists and is not the



explanation for the extremcly poor vitamin A econany of this

specicse

from rats, guinea pigs and sheep were incubated for varying
iatervale with a dispersion of carotene in Tween or an emilaion
of carotene (Table 16), thare was a progressive increese with
time in the antimony trichloride blue colour of the vitamin A
alochol fruction (but not the ester fracstion)of the plasmn,

The blue colaurs obtained were typicul and were observeu to
fade normollye iihen, howovor, a correction was carried

out using the three-point mogadare of Cama gt ale (1951) no
differences could be seen botween the initial levels of
vitamin .. in the blood ana the lewels after incubation with
carotenc, Thooe obscrvations were feit to be of oconsidereblo
aimificance aince they demonstrato how ecagy it is to attributo
o small inaresse in blue colour to vitamin ., when in fact it
may be entircly due to axidation ,roducts of carvtene, This
inarcase io normally compxuratively euny to determine visually
when vitumin - 18 absent in the original picparution but in the
pyesence of vitaodn A the atypical non=fading blue due to
oxidation products may be easily maakedu by the typical fading
blue due to vitamin /i,

However, in arder to further check that the inarease in
antinony trichloride blue culour observed on incubating cuarotenc
was actunlly dae to oxddation products of curotene and not to
the presence of true vitamin A, an exerimont wes designec in
which a sam:lec of rut blood was divided into 4 treotment groure

as followsi



Tahlo J. Perfusion of the intact artially deficient rot with Tvsen dispersions of aarotene and vitamin A alcohal
in 200 ml, physialogionl aaline for warying pericds up to 4 h.

29-

. rats Iature |/mount timo Vitanin

used A |

alcohol |ester :

N (g) | (h)  |(shog) | ;  (ne
1 | 2 | Kone = 0 0 0 0 { 06 | 007 0 08 | 0a9 c | - } = -

1 Carctams 40C 3 o 0  Trece 05 | 0.7 4 1.0 | 1.1 5C | 3.04 = 260
| |3 Ccaroteno |100 1 0 0 |Trace | 0.7 |12 7 | 067 | L2 86 | 9 | = 140
2  Carotamn 400 2 0O | 0 [Troe | Ok | 0e3 8 | 09 0.8 X5 2.1+ | - 100
; 4  Carotemo |10 IN o | 0 ' Trace 0.6 05 1 06 0e8 U0 Go T - 40
iz 1  Vitemn 4/200 # L4 | 6 | = | L0 |08 - | a6 | 22 - 60 0.2 -
| alochol | .. | | | | | |
| 2 Vitamin A|100 1 | L8 0 | = | 76 |06 - 61 | 7.1 - 48 0.9 -
| alochol : i : 1 . .
' 2  Vitamin A 100 2 24 | 6 | = | S | C7 | = 78 | 849 - N 0.7 -
[ alaghal ‘ ‘ |
|| 2 | vitamin A 10C b 22 0 - Gel Lol - 68 | 10 - 2, L2 -
|| | aleohar | | |

10 g being a convendent weight for assay purposes

+ Atypical non~fading tlue cclours with antimony trichloride reagent indicating the presence of corotene oxidation
products (see text).



Zable 10, Mmimofimhtedm&mparﬁaﬂy&ﬁd«&mﬁ&thhm&whawemlﬂmsofm
in 15 mi, WWMWM@QO&&
Fo. | —eiala Ferfusion Liver bi
znts Tature Imoant vihutn E‘L‘hﬂh Corotene  Ferfusion | Vitemin Vitarin|Comotene ferfusicn Vitamin |Vitamin '
M{ A fIaid | A R fluid A A fluid .
' | alednl ester €axotone | alcohol ester | ‘Garotene  alcchol® | ester Carotene |
| ( (k) | g > e | | Beot—— i 5
| | (a) () | Ge) | o) G| G®) 0 ) @) G0 (e e | e | ) e
2 lione | = |Hme | - " 0 %6 | 07 © - |08 (a9 | o | - @2 [ @2 | 5 | -
2 |Tween el camn)'wo | & | 0.6 09 Twoe | 35 | L1 0.9 | 30 320 Cels G3 | 2 | uo
]diapmim , ' { _ [
2 |Twoon 0.4 | Caxotene 400 | 1 %3 | L2 18 | 300 | %9 W7 | 45 220 Ob | Ot | 23 108
aﬂim’m , , | .
2 |Tween  Gh4 | Caroteme | 4G 2 108 | L0 42 | 120 | a7 0.6 | 90 . G2 | @3 35 15
dispersion | | ! - |
2 |Tween Oub | Carotene| 400 | 4 120 | 0B & | & 0.8 |09 |1z 32 062 | 03 25 32
diapezuion | | | | |
1 |Budslon 40 | Cerotems| 4o | & o | 07 Tmoe | 200 | ou6 08 | 1@ | 300 0 o 18 1,0
1 (Amision |40 Oarotene | 4L0C 1 K% 0w7 |Trace . % | 07 | 09 17 80 0 ) 12 30
1 |Bmlsion |40 | Caxotenc| 400 2 0.6 03 | 27 8B | L0 | 2 29 | Trace o ©  Trace | Truce
2 |[Bmlsicn (4,0 Carotene 400 4 | Cos .9 )16 t Trace 0.9 L1 3 . Trace (o] (o] Trace | Troce
- T ! A &
¢ Valnes corrected for presence of cazotens mmw&m«&mqm (19:1)



Zable 11, Ferfusion of isolated organs from partially definiant mats with Tween dispmreiam or emilsions of
vitamin A alechol in 15 ml, physiclogical saline for varying periods up to 4 he

Terfusion Perfusion
fluid VitaminK A A |fluid . Vitamin
i A alcohol aledhol |ester |A alcohol
| . recovered rocovered
| (nl.) e | () e | e | (s we) | (n) | (na) @e) | (he) | (va)
Tione - | Tone - | o | 0.6 | 0.7 - 0.8 | 0.9 - 0.2 | 0.2 -
[—— 0.15 |Vitamin A 200 | % hel | 09 o 7.9 | 3.7 76 68 | o 6l
Twoen 0el5 | Vitamin A 100 3.7 | 0.8 6L, 12 13 30 hel | = 56
Drocn 0ul5 | Vitardn A 100 2 Seds 0.6 31 10 30 32 7.3 | - N
dispersion alechol | ‘
Twoen Cel5 | Vitamin A 100 2 7.9 | 1.1 20 15 27 17 e = 1,
dispersion alcaliol ;
Bmlsion |Ge7 |Vitamin A100 | 7 .2 | 0.7 5 ‘ b3 | 21 65 n o0 | 48
alochol | I ! '
Bmlsion |C.7 (VitaminAi(l00 @ 1 3.8 | Q.7 b3 3.0 | 4B 52 79 |0 30
alechol .
Bmlaion | C.7 Vitamin A|100 2 | 31 L2 18 5.1 64 27 89 | = 17
alechol |
Bmlsion | 07 Vitamin A (100 & 5.6 0.8 n %3 [ 7 60 | = Trace
alochol
-t




Table 12, Ferfusion through the lumen of the inteatine of the martially deficient rat
and in vityo with Tween dispersions of carotenc, vitamin A

both

and retinence in saline, or with emlsions of acarvtars and

vitamin A alechol in salino,

xrfuaion times 2« h,

| No. Dose
Exp. vats|  Vehicle Substance Treatment
‘used [Tature | Amﬁlﬁﬁlﬁ“?ﬁiﬂ
l e . :
(mle ) ' (pe)
1 | 2 |none - |hone ~ one 0 0 - -
| 3 |Tween 4e0 |Ciurctons 4000 Intestine camminted and per— 362 260 42 oe
_ | dispenion fused 4n intact amiml
' 3 |Dween 4eO |Coarotene AOTC Intostine anmilated and per- Golt 262 IS N 0°®
dispexaion| fused in intact azximal I‘-
2 |Tween 4oO |Carvtans 4000 Intestine canmlotod, perfused | Ouk 0e3 | 50 0®
! | lsperwion m uaing Fia.cr and |
. Tarson's tecimicue
2 Tween Lo | Carotome | 4000 Intestine canmloted, perfuoed | 0e8 Cedy 67 o«
| -disparmion | m using Fishor and ‘ ,
_ ! | Porson's teclmique 1 '
2 |1 Bmilsion 10 Carctam | 1000 Imtastine mmmilatod and per- | 3.5 | 2.9 13 oe
| | | fused in intact amml | | |
1 |Pmision 10 Carotens | 1000 Intestine cammilnted ard pex- Lels Lel 17 o® .
' 2 “mlsian 10 Carotare | 1000 Intestine auzmilated, ’ Cel Cely 15 o
arsan's todlvdqume '
|2 "mision 10 | Carotems |1000 Intestine carrmlatod, parfusd | 05 | 07 | 18 o® |
using Pisher and - :
| | i teclrique | | | |
3 1 [Tween 0.15  Vitamin A‘ 100 Intestine cammulated, perfused | ' 5.2 - 36 |
| ' alcahol 2D VAWYD umng rames am - . -
' . Farson's techmique l
1 Tween 0,15  Vitamin A| 100 Intostine cammilated, perfused 42 2.6 - 22
digroamion ' aloahol muﬂm Fisher and ;
' | Tayrson's technique _
5 |1 |Cmlsion|0,7  Vitamin Al 100 Intestine carmilated, perfused 29 24 | - 29
' alcohol m uging Fishor and
| Paracn's tecimique
1 Bmilsion (0,7 | Vitamin Al 100 Intestine cammmlated, perfused | 26 30 | - 13
alecohal mw.ng Fishor and |
FParoson's technique i
5 |1 Twem |0.22 |Retinene | 100 Intestine 23 b0 | = -
| Farson's technique
1 [Tweem 0.22 |Retinene | 100|Intestine 33 4o - -
Qigporsion using Fisher and
Parson's technique

“Corrected for irrelovent absorption Yy the method of Cama gt al, (19%)



Tcble 13.

Incubation of tissue slices” end tissue hamogenates” fyoan partially deficient rate with caxotene,

vitamin A alcohal and retinenc in Tween, and with cuyutane and vitomin 4 alcabhal in emlsion form

for pariods of fran 2-4 h.

+.xp.|r 150, 086 | Abdaminal wall* Inteotine® Fidney” Liver® Lang
rats Vehicle | Substance Preporation| Incubation| Vitardin |Vitomin |Carctene| Vitanin [Vitamin [Carotene Vitamin|Vitamin| Carotenc |Vitanin|Vitanin|Carotene| Vitamin Vitanin|Caroters
used Fature ) Amount| Nature |Amount tine A A A A [ A A A A A ¢ A
almhn{ ester am:m! cster ale&a% ester coter alcchal | estcr
| (ml.) {pa) (n) (e 2) (e a) ((pe/5 e) | (pa/fb ) |(pef5e) [(re/5 8) e/ g) ((pebe) |(ue/5 &) |(efbe) |(pe g) |(ne/5 8) | (ne &) (/b e) |(ue/5 )
3 | Tween 0.4 | Caxotens | 440 |.lices 3 0.4 0.1 350 0.2 C.3 3 | 0.9 Ue? 250 1.0 0.8 360 0.3 0.4 20
digpersion| ;
3 | Tween 0.4 | Coxotene | 440 |iicmogenate 2 0.1 0.2 360 0.2 0.1 300 0.8 0.7 3500 0.9 1.0 320 0.4 0.1 270
i z
3 | Tween 0.4 | Caxotens | 440 |ilcmogenate 4 0.2 0.1 30 0.1 0.2 300 0.6 .8 320 0.9 1.2 30 Uols 0.3 220
digpereion
4 | nulsion 3.3 | Caxotens | 400 Tlicec 2 0.1 Vel 30 C.3 Ced NS 0.6 Ued 20 0.7 0.7 2K 0.1 0.1 100
4 | Emulsion | 3.0 | Coroteme | 400 |licmogemate IN Ged el 30 0.2 Ocls 35 0.8 0.3 43 .6 1.0 260 el G.2 85
2 3 | Tween 0.2 | Vitamin A| 80 |iiomogenate 56 1.0 - 5.2 21 - INN C.7 - 38 10 - 95 c.8 -
dispersion alcahal |
3 | 'mulsion 0.6 |Vitamin A| 30 |l 48 0.3 - 6.0 15 - 36 0.3 - 27 9.0 - INN 0.3 -
alcahal
3 1 | Tween 0.22 | Retinene | 100 | Homogenate 2 &0 0 - 4.0 % - IN} 0.8 - 35 7.2 - 25 0.2 -
dispersion|
2 | Twoen 0.22 | ketinene | 100 |IHomogenate N 25 0.6 - 1.0 1 - 35 0.2 - 2 3.1 - 29 0.1 -
dimu'dal‘

* lots of 5 g of tissue incubated with 50 ml. of saline.

+

Tiscue plus soaline extracted after incubation.

$ ALl vitomin A alcohol velucs cosrected where necessary im Exp. 1 according to Cama et al. (1951).




Zshic 14e Incubation of whole and chopped rat intestines
with carotenc and vitemin A alochol as emilaions and as

for various interwals wp to 16 he

in 50 ml,

physiclogical
Tween dispersions

saline

‘30. 1 1
e T s~ - ~ s EEGs—— rropesuticn Dodation "W AT o st
' used i - £ime alocohol cster
| () (ug) ) o) | () | (ue)
2 | Hone | = |iome - | ihole 0 0e3 0e2 0
' intestine
2 Twoen Cely |Caxvtene 400 “hole 2 (9] 0e5 210
dispersion intestine
2 Tween Os4 |Caxoteme | 400 éhole 16 Oeds Osdy 1680
dispemim‘ intestine
2 Twoen | 20 |Carotene | 2000 “hole & o* 0e6 210
dispersion | Lntestino
| 2 | Tween | 2,0 [Carotene 2000 | imale 16 o Ce3 1200
digpersion | | intestine
2 | Emilslon | 40 |Caroteme | 400 | vhole 4 Ou6® 05 8
intestinc
1 Emlsion 10 Caxotene | 1000 ihole 8 0.8* Ce3 130
| intestine
2 Texen | 140 |Carctans | 1000 Chopped & Ca?® 0.2 - 390
Qisperaian | intestine
2 | Bmdsion | 10 Coyoteme | 1000 Ghoppad IN Ceo® (VN | 170
; [ ictestine
|
2 Tween |r 0,15 Vitamin A | 100 Vhole 3 6 26 -
2 Tween 015 Vitamin A | 100 Chopped 3 3 N -
disperaion alcchol intestine
2 Emlsion Oe7 Vitamin A | 900 whole 3 7 16 -
alcchol intestine
2 Emlaion Oe7 Vitamin A | 100 Chopped 3 " 25 -
\m intestine
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Tainle 15.

Incubation of tisoup slices® axi tissue homogenates™ fyan narrm}

guinea pdgs with Tween digpersions and

amilsicns of carvtape and vitamin A alcohal in physiaiagicnl salinc for vexying pcrious up to 2 h.

; P Epe| 1o Dose i ¥ ‘Hm‘ Intestine’ adaney > Liva" Iﬁ" .
f guinea, Vehicle ~ iubstance | Prepeyetion mum{ Vitamin |Vitamin|Corotone | Vitamin |V4tooin |Cayotend| Vi tamin| Vi tamin [Carotene| Vi tamin [Vitamin| Carotene| Vitamin [Vitamin [Carotene |
' pigs |Nature | Amount| loture Amount time A ¢ 4 A o A A A A A A ¢ A |
| ' ) | _ alcohol | ecter alcohol| ester _ aj.coinf . eoter alodn]? ester alcchol | ester
| (mi.) - (pa) () (a5 (b o) | (e 0 |(pefb e) [(Raf5 ) |[(pess )| perb 8) |l g) (/s &) | pedb &) (e ) | (pe/5 6)| (pel5 8) (a5 g) [(pe/5 &)
4 | 2 |Hooe - |Iiamo | = = 0 .0 | 1.0 |Troce | 0.2 | 0.3 |Trece | 0.8 | 1.0 | © 4.0 | 25 | Trace | 0.8 | 1.4 0
3 Tween i 0.8 |Carotens | 00 |.lices 2 0.6 0O.dp {20 0.3 G.5 400 1.0 1.5 L0 0.5 19 430 0.3 el 320
3 Tween 0.8 | Cezotene | GO0 | Homogenate e 0.7 0.9 3% 0.6 Ce2 420 Ce9 1.0 350 Q.9 17 410 0.7 0.9 320
disperaian
N Pmulsion | 8.0 | Caxotene | GO0 | Howogenate 12 0.8 | 0.6 140 0.5 0o/ 10 0.7 0.8 W0 2.9 16 220 0.8 1.2 100
2 Twoen 0.3 |Vitamn A| 40 |Hamggemste | & - | - - 0t | 3.0 | = G2 | Ok | = 2.0 | 28 - = 0.3 2
dlspersion alcohal } |
2 fmilgion | 0.7 | Vitamin A| 100 | Homogemate 6 - | = - 0.2 6e2 - 0.8 0.1 - 5.0 52 - 17 0.7 -
aicaohol \

®¢ 5 g tissue incubated with 50 ml. saline.

* Tissue plus saline extyacted after incubation.

% A1l vitamin A alcohol values corrected where necessery in ixp. 1 according to Cam gt al. (1951).



Carctene
Species recovered
(ng)
Rat 0
Rat 320
Rat 350
|
| RBat &80
2 Twoen 0e15 | Vitemin A ‘ 100 Rat 3 X 1.8* -
dispersion alaohal |
q Emalsion 0e7 |Vitamin 4 | 100 Rat 3 2" 0.7’ -
' alochol
3 Hlone - None - Guinea (o] 15 2,0 Trace
rig
5 Tween Cely | Caxvtase 400 Guinca [N L LN 3.1 12
dispergion l pig
2 Tween 0e8 {cmm 800 Guinca 16 17° 1.0 590
- digpersion pig
IN Hene - | lione - Shoep o 16 - (o}
2 Tween Oudy | Cazotenc &00 sheep & 19° - 4]
dispersion :
2 Tween Oe8 | Carctenc 800 Shoep 16 16° - 500
digporaion
1 Lmalsion 4.0 | Cazotene 440 Sheep 3 * - o

¢ Values corrected for the presence of carotens exidetion products

by the method of Cama gt al. (1951).

* Regpresent actual amounts of vitamin A recovered.



Zable 17, Inoulmtion of blood, ssmaretely and in comhimmticon, with carotene
ani with intestinal haomogaenate, to demorstrute esteriiication
cf true vitamin A alcahnl and its Qdnumtcgraphic sornration
fron axidation jroducts of carotane widceh intmrfare with the
antinony trichloride reactiaon, Inculation tine 1 h.

Jtood ilagm
B%:f) Troatmont ~Vitardn A Tooin &
) alcchol eoter
10 (1) “holc hlood inculnied alone v, 1.0
(cartzal)
10 (2) 7hole hlood incutated wth (o] 10¢
2 g intestinal hamoganato
10 (3) bole blood inculated with 25 1.3
4CC ug carotene in Qwoan
10 (4) vhole tlood inculatod with 10« 20
LOC pg carctarm in Tooon | |
togoethor with 2 g
intestinal homoganate .

® licenl fhding blne with antimony trichloride reagent,
+ Atypical non=-fading blue with antimony trichloride reagent,




(1) blood inoubatod alane,

(2) blood incubated with intestinal homogenate,
(5) blood incubated with cixotene in iween,

(4) blood incubated with carvtone in Twoen plus

intestinal homogenatc,

The roesults aof this experioent are presented in Table 17,
Fron those it can be ogeen thot of the vitamin /4 aloohol originally
proocent in tho oontrol bloouw (Treatuent 1), ail wvas aapable of
cotarification in tho presence of intestinal hamogenate and
o noarly oamplctely recovezuble in the oster fraction after
chromtography (Treatment 2),  Of the "vitamin A aloohol™
procent in the blood after inculmtion with carotens (Treatment 3),
however, only about one-half (an amount equivulent to that in
the control blood) was esterified in the presenoe of intestinal
hanosenate and reocoverod as the ester oftor chirumatography
(Treatment 4),  The balanae remained still with the alaohal
fruction and in the presance o' antimon, trichloride gave a
non=fuddn;;, grey-hlue colour wilch was quite atypical of trus
vitandn A,

Liscussion

The main objects of the prcoant experiments were to
detorminc by means of various inoubation and pesfualon
tecdmiouco vhich tissucs vere oapuble of converting; carotane
to vitamin 4 in vitro, and, as an ald in interproting these
findings, to dotaxrmine by means of the same techniques the
fato of vitamin i and retineno wder similor canditiens,

For this purposo tissue alioccs andi hamogonatces vere incubated
with aquoous digpersions of curovtene, vitamin A alcchol and
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rotimme and with emilsions of carotene and vitamin A alaphal,
and intact animals and isolated organs were perfused with
similoar preparations, The results of such studics it was
hoped would give an indication as %o which tissues were
potentially capable of canverting carotenc to vitamin A in vive
axi also provide some insight into the natuarc of the ruastian
involved,

It is well recognised that a negative result obtained
in vityo is a difficult premise from which to argue. For
thioc reason, througwut the present work, considerebls
attention was paid to dotall arxl extreme care was talen at all
tince to ensure that the reaults obtainad werc not limited
in any way by poor tedmique, Carotene was jrepared in
forme which are known to be utilized quite effectively in viwo,
tho incubetion and perfusion prooedures wore standagrd ones
which have boen used succesatully hy numercus other warikers
stixiying a wardoty of diffarent problemn, and the extraction,
measurenent and eorrection procedurcs used to estimate vitamin A
were ones which have been coployed routinely in this laboratory
and elsevhere with parfootly satiafactary results, Every
endeavour was thus mads to awoid factors whidh vere lkely
to have any posaible adverse effect on the outcome of the
rosulta, Lespite thesc precautions, however, it was not
poesible to dananstrate camvarsion of' carotene to vitamin A
an vitpo eithor in the purfused intact animil, or in tissue
aldoecs and homogenates of body will, intestinc, kidney, liver
and lung, or in isolnted perfused organs (intcstine, kidney,
liver and Lmg) of the rat oar juinca pdg. Furthor it was
not possiblo to demonstrate converaion in the blood of the
rat, guinea pig or aheepe



¥hile these results olearly confirm the findings of

De & Ssdararegan (1951), Xon & Thogpeon (1951) and Bierd

& Fallard (1953) and contrust with thoee of Vilese et ale
(1947) , Rosambexg & Sobel (19532, b), Stalloarp & Herman
(1950) and McGilldvray (1951), it 18 Aiffiocult at the present
tine to offer a completely satisfactary oxplanation for these
canflicting viewpointa, It should be pointed out, however,
that in the work of Wieso et als (1947) and Stallogp &
Ilarman (1950) vitamin A was estimated solcly by the antimony
trichloride reaction, thc validity of which, unuer such
oonditions, would appear very much open to quostion (eege

066 pe61). Furthermore, in the worl: of Roeanberg & Sobal
(1953a, b) vitanin A was estimted in intestine by the
difference in absorption at 325 m beforo and after ultreviolet
irradiation, a mracadure which although shown reliable for
scrum by Beasey, Lowxy, Broak & Lopez (1946), has cinos been
shom to be of little use fur inteotine by Bierd & Follaxd
(1953). For these various rusaans it is folt that the
findings of these warkers cannot be acceptou completely as
daxmstrating analuaively a ajgnifiocant degreo of canvereian
of carotene to vitamin A in vitro, In a somewhat different
ategary s the wark of McGillivrny (1951) 4in vhich significant
inareascs in vitamin /i, identified both colaorimctrically and
spoctraphotenetrically, were found in the iealated intostine
of the sheep after incubation with carotene, In the light
of tho results of the present studies it is not eaay to offer
an cxplanation for this finding unless it is assuwsed to de
due, at least in eane measure, to a species diffcrence in the
rate or efficiangy of oanversdon,



The results obtained on perfusing or incubating tissues
with retinene and vitamin A alochol support cboervations made
by other warkers in vivo. For cxample, Glover gt ale (1948d)
have ghovn that after orul aedministration retineno is eonverted
very officicontly to vitanin .. in the gut wall, end after sube
artancous administration in the suboutancous tissucs, In
the present experiments retinone was completely absorbed and
cfficiently converted to vitumn A (wainly vituoln & ester)
eftor porfusion throwh the icolated surviving intestine for
4 he Partharmore, after incubation for 2«4 h with homogenates
of abdaminal wall, intestine, kdunoy, liver and lung retinene
van comletaly cetabolized, appraxdmtoly ono=third of the
dose bein: reaveral as vitamin A, as the aloohol in the case
of abxiaminnl wall, kKddney aixi Lmg, and as the cater in the
ange of tho liver and intestine, It would appear, therefare,
a8 Glover et al. (194Bd) have observed, that the oonversion of
rctinene to vitamin A ie a eimple reduction reaction, the
anzymes responsible being widespread throyshout thc body
tissuca,

In the case of vitamin i alochol, estcrification in tho
mt, under the presant experimcntal conditions, was limited
to the intestine and liver, bcing cagplste in the former and
incam.lete in the latter, These observations held good
whether the intestine was partused whole or incubated as alioces
or homogenates, and whether vitanin A was present as a Tween
Qlgpersion or as an emilsion, In the guinca plg, oa Ws
other hami, the position was samcwhat diffaerent. After
incubation of hamogenates of intestine, kidnay, liver and
L with vitanin A alochal in Tvwen for varying parieds, most



of the vitamin A present was destroyed in the case of the
intestine ani kidney, In the cane of the lung preparation
ane=ivlf of the vitemin / originally present wos recovexed
(still as the alochol), and in the case of the liver preparation
sancdhat locs than onewhalf that originallv vresent was recovered
(as the ceter). That the guinea pig intestine, incubeted

both whole and as an hamogenate, ws effective in destraying
ncarly all the vitamin A aedded is interestin; and, as has been
pointed out previously, is ene possible explanation for the poor
rete of carotene utilization and the low vitamin A liver reserves
in this specica.

The atteypts which huve boen made uaing warious tissue
proparetions to damonstrate the convereion of carovtene to
vitamin A 4n vitro have unfortunately not been successful and
far this ransan it has not been possible to obtain any further
information concexrning whic!, tissues are capable of effecting
the convezsion of parenterelly administered carotene to vitamin A
in the intaoct animal, Irom a omsideration of the results it
would appoer that the reaction is an axceedingly difficult one
to demonstreto in vitro although the roasans behind this are
not at all clear, It has been postulated by Glover end his
associates (see Glover & Redfearmn, 19543 Faszalkerley & Glover,
19573 Fishwick & Glower, 1957) that the initial reaction in
the Yrenlglown of orully acministered carotens to vitamin A
involves an oxidatiwve fisaion of the tarminal double bond in
the side=chain to farm carctenals, which are than cxidised by
stepirdso oxidation to retinene, which is in turn reduced to
vitamin Ae From tho results of the presant stuiies with
rotinene, ani fram those obtained in vive by Glover gt al,
(19480}, it would appoar that it 1s the early stages of the
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soaction (4e0e corotone — corotenals —e retinons) that are
inhibited in wvitro. 0f tho enzyme aystems involved in these
changes little ia inown, It would appear, however, on the
basla of the results of' the present experiments, that either
the engy:es invelved must be extramaly sensitive to narphysiolo=
fdcal conditions, or the nccosesary co=factors, perhaps supplied
by the blood, aro not present in isolated tissues in sufficiont
ocancantration to effect conversione

Susmary

1. Attampts have been made to demonstrate the in vitre

canvereion of caxotene to vitamin A in the rat, guinea pig
and sheep in an endcavour to locate direotly the site at

vhich canversion of injooted carotene to vitamin A ocours
in the normal aniinel,

2¢ For this purpose a series of parfuaion and incubation
experiments was carried out using different fams of caroteno

and & variety of tissuc preparations,

3¢ Coanaurvantly, a parullcl series of experinwnts was
carried out using rutineme wxi vitaoin /1 aloohol, in an
attam:t to detarmine the behaviour of these substances

with similar tissue preparations,

4e Despite numerous precautions ani the usec of several
refinod tedmdques therc wes no evidenoce to {indicate
fonmtion of vitanin /4 fron carotone in any of tho organs
or tissues axamined,



5¢ On the other hand, rctinenc amd vitazin A aloochol
were motabolized by e number ol’ tissucs, their
behaviowr in vitro bein: generelly similar to that
reportod iniepenxiently by other iavestiyators working

A1 yiyo.

Ge Posaible rcasons for failure to effect the in vitro
axavarsian of carotenc to vitamdn A are discussed and
attantion is druvn to tho foct that it is probably the
initinl stagos of the resction vhich are inhibited
wder in vitro conditions.
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Antroduction

In carlier studles roported in Chapters I to III evidenoe
wag obtainal suggesting that the ability to convert injected
cazutane to vitamdn A was not an attribute of any one organ
or tissue but of meny, and it was concluded on the basis of
theee results that posaibly all tissues, or even pexhape all
oclle, vrere capahle of effecting converalon. Atteapts,
howovar, to chedk this possibility uain; different in vitro
techni ques were inoonaluaive (Chapter IV)e

If, as appears to be the casc, no one oryan is specifically
involved and conversion can oocur in any tissue, some conversion
into vitamin A of agquevus carotane digpervcions administered by
parentcral routes othor than the intravencus might be expected,
Vorious workere have in fact cladmed restoration of growth and
disappearance of other vitanin A deficiengy gymtoms after
intraminscular, intreperitonoal or subartanems injection of
various carotenc preparutions (Gege Lease gt als 19423 Tamrelld
ct al, 19463 Bicri & Schmltze, 19513 Blori & sandman, 1951).
It ticrefore seemou that a ocamparison, as indicatod hy hepatio
vitaodn .\ stores, of tiv efficiengy of oonversion into vitamin A
of aqueous carotenc disperaions adninistered by various routes,
ani an investigation of scme fuwrther factors influcnaing the
utilization of intravenously aiministered carotenc disperaions,
night provide additional informtion on the ability of ddfferent
tiasues to convert carotone arxi on the nature of the prooosses
involved, The resultsc of thesc studies are reparted in the
present chapter, In adiition the rosults of a sorics of
studics on the mrtaboliam of intravenaualy administered aguecus



ddsporsions of severel carotencia pigments other than (3 =arotano
are also reported, Those latter studies were umicrtalem in an
attagpt to inwestigate the brealkidown of the various pigments
after parenteral adninistration and to campare and contrast

their provitamin A activity after parenteral aiministration

with that after oral adainistration,

Lxperimontal
The matorials and methods were as desaribed previocualy
vith the folloving additions:

Lats

Ganepul, The rats used in tiis work were all inbred albino
andmals of the Wistar struin,

In the experiments in witich thc effoot of the vitamin A
status of the animul on the conwvoraion of injeoted carotene
wvas studied, high liver stomge wes achicved by sup; lommting
the basal diet with “Vetemil" a few days prior to the experiments,

The rats used in the experiments in which the utilization
of the various carotenoid pigments was studied, uaing growth
ap o ariteris, were oompletely deficient andmnls prepared as
described previously (pe10)s  They were injected immaiiately
their livewedght "platesusd" after which they were maintained
for a further 1 days on the Us 9P, vitamin iefree tost dlet,
during which time they were weighed svery secand daye

The rats used in all other experiments were partially

deficient animels prepared as describea on pe9.
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Dosging, In exparirents in which the effect of tho route of
odministration was studied, orel administration was made by
stamach tube consisting of aypraximately 8 an of nylex tubing
(1 2 bore) connegted to an 18 G needle and a 2 ml, syringes
perenteral administration was by intravencus injection into

the juguldar vedn exposed by ventral nealt incision, by intree
mscular injection into the gluteus caximus musale, by intre=
peritonesl injection directly into the peritancal ocavity through
the ahiaminal wall, and by exbautansous injection into a fold
of akdn behind the foreleg.

In all other experiments in which curotenc and other
pigmonts were injeoted intravenoualy, injection was made
direotly into the vena cava exposed by ventrzl mide-line incision
or into the jugular vein expceed by ventrul nock inclsiene

tion o P

Generel, Vhere pigments had to be prepared from naturel
sources the methods 8hosen in all cases vere well recognised
cnes and for this reason their preparation is not described
here in any great detail.

Carotens, Crystalline carotene (containin: approximetely
83, | =carotens) supplied by Le Light & Coe Ltds, Poyle,
vas used in the present experiments, For comparing the
activity of (= and ['=carotens this material was separeted
cioemtaographically on Magnesie (Hopldns & Williams Ltd,,
Sydney; heavy grade, No, 5368) into \ and (5 fractions by
& method similar to that of Stradn (1934)e

Janthophylls., Fresh graess wes extracted with acetone in the



cold, the extract was saponified (see pe16) and xanthophylls
wore separated from corotene by chromatogrephy on alumina,
The crude mixture of xanthophylls was used without further
purification, Hereafier, for the sake of canvendcnoe,
this fruction will be refierred to simply as "xanthophyll”.

da/gopene,. Lgoopene wes extruoced fron fresh ripe tometoes
by neans of acetane in the cald and purified Ly chromatography
on alumina using; the methou of Struin (1942)

Zosgapthin and Cryptomanthin,  Theee pignents were prepared
from the calyx of ihysalis franchetil eseentially as described
by Brewde, Foot, Henry, Kon, Thompeon & Mead (1941).

Retinenc, Retinene was prepered as described previously on
PeSle

ddentification, The identity of all pigments was confirmed
from their abeorption spectre as published by Morton (1942),

Kazrer & Juclar (1950) and Gooivin (1952).

dispersions of the various pigments were preparcd exactly as
desaribed earlier for corotenc on pei2, Dispersions of

tocopherel ® were similarly preparcds

Le t

Genorale The vardous pigments were estimated os for carotans
in a Dociman, model DU, photocloctric gpectrophotamter using

values for A and E

— o MOted by Morton (1942) end

® the form of ((etooophoryl acetate supplied

In
w Lo ng,ht & Co, Ltdo. pOYlQo
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chromatosrephic separation of tissue extracts into vitamin A

aloohol and ester, the positiaoning of the different pigments
on the alzdna column wvaried, ZAanthophyll and zeaxanthin,
for azamplp, were strangly udsorbed and wero eluted with the
vitamin A aloahal fruction by §5 ethanoly oryptaxanthin and
Jywpene, on the other harnd, were very much less etrungly held
ari were elutod partly in the cotor fruction with 25 acetone
end partly in the alcohol frection, Where much pigment
wos present in the ester fraction it was saponified and
ro-dhramtogrephed as dosaribed on pe.16 and the oster recovered
as vitamin A alcohol for estimation, vhere mach pigment

was present in the alcohol frection, hovrevar, vitamin A oould
not be cstimted, In cases where only amall amounts of
pigoent were prosent in either fyraction, a correction was

agplded to the blue reading with antimony trichloride equivalent
to 0,06 pg vitamdn A/ 1,0 pg of pignent present (¥cGillivrey,
Unpubliahed ),

The results of experiments on the utilization of carotane
digpersians admindstored intravenously, intraperitaneally,
Utremacilarly, abaitanenialy and orally are shown in Table 18,
Tho rats vere kdlled 4 days after dosing,e uith a dosage level
of 400 pg/rat the carotenc wes equally well utilized, as
indicated Yy hepatic vitasdn . lewvels, whether injectod intre=-



vanovaly or given orully and was almost as well utilized when
injected intreperitoneally. Intramscular injections of
cayotene were about one-third as well utilized as intravenous,
but suboutaneous injections did not increase hepatic levels of
vitacdn A, At alaughter large quantitics of carcotene remeined
at the gite of intrumsmalar and subcutanecus injection, that at

the latter representing the bulk of the dose.

The effecte of these fuctors are shovn in Teble 19 (i xpse 1e=d)e
It 1s apparent fram (xpse 1 and 2 thut measwrable amounta of
vitamin A were stored in the liver after the intravenous injection
of as little as 10 pg of carotene and that the hepatic stores
of both carotene and vitamin A increased more or less directly
with dosage level up to 800 ug of ocarotene, the highest level
investigated,

From a consideration of fxpse 1 to 4 it is spparent that
there is cansiderahls wariation in the behaviour of different Tween
disparaions of carotene after injeotion. i XpBe 2 and 3 were
ocarried out with the same bato: of curotene disperaion while in
txpse 1 and 4 two different digpcrasions werc used, ALl
dispersions wore mreparwd in the same way, the only difference
being that the uisieraion used in 1 xpe 1 wid prepared from a
nacple of acarotene that had been in use for some time (although
olwaye etared at 0° under nitrogen when not in use, and showing
no obvicus signs of decomposition), wharems the other dispersions
wore prepared fraom a freshly opened ampouls of carctens, It ie



-85-

apparent fyem the table that the dlspcrsions differed in the total
anomt of vitumin A formed, in the ratio of vitamin A alcohol to
ester in the liver ani in the amount of carotenc in the livers
vhile ot the present time it is diffiocult to offer a satisfactory
explonation for these finiings, it is thoucht quite possible that
part at least of the variations may be dus to differences in the
dogros of dimpersion of the carvtenc, They cannot be attributed
to individual differences betwoen the rats since the levels of
oayotane and vitamin 4 4n the blood and livers of all animals
injeated with aamples of the same dispersion were always
ranariehly constant, Throughout the prceent work, care has
bcen tuken to sce that the same dispersion was used vhenever
compnrisons were made betweon various treatoents,

From tho results of ' xp, J it can be scen that lver
vitamin /i levels showed a steady inarease with time up to 24 h
aftor injcotion, but maxdimum carotene storuge was achieved
after 3 he From the rcsulte of fxpe 4, if allowanoo is
mado for the fact that with the disperaion usod in this
experimEnt only 22 ug of vitamin A wexre gtorod in the liver
fron a dose of 40U pg of carotenc as camparoc with 37 ug from
the same dose level of another dispersion in bhxpse 2 and Jy 4t
appears that there is littlo difference in the utiligation of
the carotene whether it is ;jiven as a ainglc injection or as
annllcy injoections at 24+ h intcrvals,

From the results of this experiment (Table 19, Lxpe 5)

it can be ecen that 2 h after injeotion of 290 ng of carotene
into rats with high vitanin .. liver stores, blood levels of



vitanin A alaohol Ancreasai by approximately 5Q» which confirms
the previous obsorwvation of Kon gt ale (1955) in which a 2%
incxcase was noted in nonmdaficient stodlo~cdlany rets injected
vith curotene,  After injection of anly 35 ug of carctene,
hovever, no evidence of any increase in vitamin A blood levels
ocould be detectod, As the liver roscxves were high, it is
avicus that any Ancaase in vitamdn 4 4in the liver Gue to
injocted anrotens wuld have boen masked by the nogwal variation
in these resarves, and only mean values are given in oxdar to
indicate the vitamin A status of the animls befure injection,

That the simltanecus adminigtration of xzanthophyll or

tooophcrol inhibited the convorsion of aurotane digpersion
into vitamin A ie shown in Toble 20, Sinos an anti=axidant

aua) as toaopharol excrts an inhibitory effect, it scamai posaihlo
that a prowoxidant such as benczqyl peroxide might have the
opposite effect, However, this was not so, tho additien

of banaayl parazide also mrkedly raducing the amount of

vitemin A stored in the livers,

Table 21 shows the results of injecting Tween dispersions
of various carotencoid pigments other than ,=corotene into
rata, Of the pigments investigated, lycopene, manthophyll
and zeaxanthin showed no activity, althouch some blood and
lver sarples, particularly at 2 h aftaer dosing, presented
diffiazlties in interprctation of the antimany trichloride
reaction owing to the preeenoe of curotcnoids, or their
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1 and 2), interval between dosing and slaughter (Exp. 3),
and vitemin A status (Exp. 5) on the utilization of aguecus

carotenc dispersions in Tween administered intravenously to rats of mean wedght 250 ge

Teble 19, Effect of dose level (
repeated doaing (lxp
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2able 20. Effect of zanthophpll, taopharyl and benzoyl peraxide on the
utilization of agucous carotene disparuions in Tween administcred

intravencusly to xats, of mean weight 300 g, killed 24 h after

injecticn,
_ dee | —piesd plame Liver
ExXpe m Doge A Carotene V w - Carotens
|4 ug/1005) | (pg/i00m) | (ng) | (ue) (ue)

1 6 - 12 0 0e3 Ceb6 0.9 0
3 200 pg carctenc 17 Troce 4e8 10 15 Py
3 + 200 pg mthophyll 12 Trace 23 303 546 21
3 + 400 M mathophyll 17 Trace 201 1.9 4.0 28
3 + 800 ug xanthophyll 15 Trace 243 17 4O 28
3 400 ug carotene 1 Trece ) 1% 22 )
3 + 400 nug zanthophyll % Trace 3«0 hed T3 87

2 3 400 pg carotene 12 ) he7 |32 37 64
3 + 2 mg toaopheryl acetate 15 S 15 1.0 2 26 98
3 + 4 ng tocopheryl acctate 1A Se 15 1.0 10 1 100

| 3 + 6 mg tocopheryl acetate 16 g 15 0?7 10 11 100
|3 3  |400 ng caroteno 10 Traco 81 W 22 70

3 + 1 ng toaopheryl acetate 15 Truce 6.8 9,0 16 63
3 + 2 mg toaopheryl acetate 12 Trucce 5.8 75 13 55
3 + 3 ng toompheryl acctate 10 Txuco Sed 6.0 11 60
3 + 4 mg tocopharyl acetate 1% Trace 3.1.‘ ka3 767 6
3 + 20 ng tocopheryl acctate 8 Truce 25 | 35 640 65

[N 3 |200 pg carotenc 17 Trace %8 (10 15 25
3 + 100 mg tocopheryl acetate 12 Trace 1.3" 2.8 | 37 W2
3 400 ng carctene 22 Truce 5e2 |12 7 68
3 + 100 ng tocophexryl acetate \ I Trace .3° f 28" | Lt S
3 + 100 ng benzoyl peroxide 21 Trace 48 | 7.0 |12 58
3 + 400 pg bensqyl peroxide 17 Tyace 2.9 2.0 Jln9 38

® Colour developed with antimony trichloride somewhat atypicale




Zable 21, Appearance of carctenodd pigments

and vitamin A in the blood and liver of

rats partially deficient in vitamin A 24 h after the intrevencus injocotion

of the pigmonts as Tween dispersions,

—% - Doso Time between
—i s mee—— ey w7yl
'(?n (ml.) (pe) (n)
7 210 | Name - | lone - - 15 0 0.6 Cols )
3 190 Twoen 0e3 |WU=carotene 300 2, 20 Traos 7.6 8.2 55
disporsion

3 1% Oes |/ =carotenc 300 2, 2 Truce 8.8 7 2,
5 185 0e3 | Lycopens 175 2 . 230 12..2° | 07 3%
3 190 0o = 180 2, % Trace 06 Ce8 32
3 165 Celp | danthoghyll | 230 2 L] 260 G2 Ce9 3b
3 230 Oods " 250 2, 16 Trace Oe6 0e5 54
4 | 200 Oe2 |Zemxanthin | 170 2 12 Trace 3.0° | 07 )
6 200 Oe3 | Cxyptaxanthin| 220 2, 16 20 ; 2,0 19 3
IR 225 Oels | RetinEmo 400 i b4 0 15 9N, 0
& 230 Ok ° 400 2, 17 0 21 140 0

¢ Vitamin A ocould not be estimated acourately owing to presence
of pigments,

+ In thesc cascso the colowr developed with antimony trichloride
was atypical of vitamin A due to the prescnce of pigments for

uhich no satisfactory allowance could be mnde,
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decampoaition producte, that could not be separated entirely
from the vitamin A aloohal or esters /> wcarotene was better
utilized than N=carotenc, as judged both by blood vitamin A
alochol and by total liver storege. Cryptomanthin presents
an eanomly, @inoe there was little evidence of converaiaon to
vitamin A after injoction, although the same sample when
administered orelly showed activity, 1.2 mg giving riee in a
doficient rat to 33 ug of vitamin A in the liver, Dispersions
of retinene were well and repidly utilized, aince half an hour
after the injedtion, the shortest tine-interval studied,
vitamin A mainly as the ester appeared in the liver and no
rotinane could be doteoted in cither the blood or livers

Similar results were odtainai also in a further experiment
uaing restoration of growth in youn: deficient rats as the

criterion of activity, These results are sumnarised in
Fige 1e A8 expected, lycopene, zanthophyll and seaxanthin
showed no activity, On the other hand (X=caroteno, [ =mrotano

and vitamin A were all active in auasing a resumption of growth,
as was also cryptoxanthin, which, rether surpgiaingly, was even
more active than vitamin 4,

Zhacussion

Pram the results presented in Table 18 it is clear that
carotme in agqusous disperaion was convertad into vitamin A by
rats when injected intravancualy, intreperitaneally or intree
mscalarlys There was, however, no evidenoe of any increase
in liver vitamin 4 after suboutanecous injection, At alaughter,
4, days after dosin;, no mmmaureahle amcmts of carotens were
present in any of the blood plasma samples and it is probable,



fron the low lewvel present in the livor, that ccaamehls concentres
tions of carotene were not aitainad in the blood at any stage
aftor suboutansous injoction, This io of oonaidaguble interest
oinoce it would appear fram Teble 19 (. xpe 3) that liver levels of
vitamin A continued to increase only as long as reascnable levels
of carotene remained in the blood plasm, These results also
further suggest that, as long as a reasonably high level of
cayotenc remains in the plasmn, vitamin 1 is formed at some
cxtrahepatic aite and trungparted to tho liver via the blood as
vitomdn 4 alochal (see alsc Kon gt ale 1955)e  There was no
agignifioant inareanc in liver vitamin A aftter plosma vitamin A
loveds had returnad to normal, although the liver still contained
larpe cquantitics of caroichio, Purther, the high blood plasmm
vitanin A alcahol lovels attained in as littlc as 5 min after
injootion of cerotenc dispersions (ceze Xon ot als 19553 also
Teblos 6 and 8) fndicate an extrecly repid aonvoraian, In
cartmmset, the relatively slow increase in liver vitamdn A (as
shovn, for example, in Table 19, Lxp. 3) would suggest that there
is po eimilar rapid reaction in the liver, It has already been
shown (e.gs Chapter II) that heputectamized animels are capahle
of converting intrevenounly administcred arotans to vitamin A,
and it would seen fyoo the foregoing that in the intact animel
clso the liver i3 an unimportant site of conversian,

From the results proscnted 4n Table 19 (I xpe. 1=3), it is
apparent that the amount of vitamin .\ appanring in the liver after
injootion is more or less Girectly related to dosage level,
vithin tive range studied, axd is also influenced by the interwval
betveen dodng and alanghtor, {lavevir, except for dosage
lovol, tix vardous factors investi ated ap;ecared to have Uttle
influencs on the anocunt of curotene teken up by the liver.



Tho level of carcteno bore a fairly definite relationship to the
doso injectod (Table 19, ixpss 1 ena 2), but showed surprisingly
little chanye froo 3 to 96 h aftor injection (Expe 3) and was

not anrkedly influenced by either manthophyil or toaophercl

(Table 20,  xpSe 1=4). It is difficult to advance any simple
explanation for the leveis of carotene found in the livers in,

for example,  XpSe 2 and 5 (Table 19) in which the same dispersion
was used, No simple equilibrium betwean plasma aarvtene and
liver carotenc, whether or not followed hy a achange in the
physical nature of the liver carotenc that prevents its subesquent
rclease into the plaam as the level there decreases, seems
ocampatible with tho results obtaineu uncer the conditions of
decruaning: plasma carotene levels after the various initial
levels injccted. It hus already been shown, however (Kon

et al, 1955), that larger particles, such as arc present in
colloidal dispersians, are repialdy taken up by the liver and

are not subsequently releaseu into the plasma, Tween dispersions
of carvtens probably contain particles of' a wide range of sise,
and a posslble explanantion for the liver carotens levels

obtained 1s that ail the carotene present as larger particles

is ramwved rupidly, anu rotaineu, by tho liver and jossibly

ty other tissues. Thus differencee in liver carotene levelis
obtalncd with the vurious dispersions uscu would, es suggested
carlicr, ropresont genuine difterences in the phyeical state of

these disporsiomse

In the axpariment with non~doficient rats (Teble 19, :Xpe 5),
the increases of almost 50> in blood vitamin 4 after injection
of 250 pg of curotenc confirm those observeu previoualy by
Kon et al, (1955) with stoclcblony rats,  ilthough the increasee
wore less on a percentage basis than in partieally Jeficient rats,
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4% is clear that the conversion of intravencusly administered
carotene also occurs in normal rats anc is not merely an
altornative mechanien in aniouls with low vitamin A reserves,
These finidngs also oconfirm that the differcinces in the
efficienqy of conversion of intravenously auainistered carotene
botueon mrtially deficient ats anc noymoel rubbits observed
by Kon gt als (1955), and in the prescnt studies in Chapter II,
vere not duo to vuriations in the vitauin 4 status of the
aninnls but to genuinc s ccico differences in convereion,

Kelley & bay (1950) have shown that rats given xanthophyll
by mouth along; with corotenc stared less vitamin A in their
livers than those glven carotene alone. 'xpe 1 (Table 20)
ghows that the aimiltancous intravenous adainistration of
xanthophyll and carotcne pruduceu a similar decrease in hepatio
stores, An explanation for tiis finding is not easy to offer,
but it woul: suggest that in arel edministration the offvat of
zanthophyll my be more intimately assoclateu with the mechanism

of conversion than with the initial ebsorption of the carotene.

The sparing effec. of tocophervl on corotene administered
orally has been demonstratec by a number of workers (Gege Hiclaman,
Kaley & llarrday 1944n, by IHarris, Kalcy & !ldakman, 19443 See
also revicw by iHobert & Horgan, 1953), but it is also established
that hicher levels of toaopharal (of tho order of 5 mg/ret daily)
depruss the utilization of carotene us easurad both by growth
ratc and liver storuge of vitumin A (Johnson & Baumann, 1948).

» admllar decrecsaeai utilization of' intrevenously administered
carotene aspoalated with the similtaneous injcotion of tocophexal
is alearly apparent froo Table 20 (ixpse 2=4). Lven as 1ittle
an 1 mg of tooopheryl acetate had a markei effect on liver



vitamin 4, decreaaing the amounts of both alocohol and ester
formse The anti=-oxidant properties of toocopherol would
oxplain this inhdbiting effect if the mechanism of aomveraian
of carotene into vitamin . inwolves oxidation (of. Glover &
ledfearn, 19543 Fazaleerley & Glover, 1957 Fishwick & Glover,
1957)¢ The eifect of benzayl peroxide in also roduaing
liver storage of vitanin /i owuld bec due to a different type

of oxddation,

It 18 apparent from the results in Goble 21 that in
ganezal the activity of tho various carotenoid pigments after
intravencus injeotion is asimilar, as indicated by liver
vitemin 4 lewvels, to that after oral administration, Carotenoids
not containinz the /~ianone ring structure showed, as might be
axpected, no vitamin A activity, althoush they were actively
metabolized, as judgoud by their rapida disappearance, only a
snall fruction of the initial dose remalning in the blood and
ldver after 24 h, A8 when given orully, (3 =garotene was
ohout twice as well utilized as X=carotenc,

Biaxi (195-2), warking with chickens, has elso repartad
inefficient conversion of injected aryptommiithin to vitamin A
as indicateu by liver staruge, Likewise, as in tho present
expariments (Fige 1), he also dammnetrated in growth etwiios
that after injection samc conversion does in fact telke place,
Jy way of an explanntion for this aprarent diacxrepangy, he
concludad that efter injection of aryptoxanthin just sufficient
vitamin A was formed to permit norml gyowth but not sufficient

to achiewe apprecieble liver storeges

In the emperiments reported here it is clear that the
behaviour of retincne differed both from that of the other



cayvtannids, and fram the vitamin / acetate dispersions used
in the work of Kon et al. (1955). It was more repidly
oconverted to vitanin A than the other carotenoius, no retinens
ramaining in the bleod or liver aftcer half en hour, and it
apeared to be enmewhat more stable than vitamin A acetate
oimilarly injecteds Furthermore, the initial inarease in
liver vitamin & storage after half an hour was in the estar
farm whereas in all other cascs the aloochol predominated,
Thosc observations arc in koeping with those of Glover et ale
(1945b) fallowing orl and .nrenterul administration and
with the results obtuined jn vitro in Chapter IVe

Whatever thc processcs involved in converaion, there
socen to be marked ainilarities dbetesen the mechanism of
brealaicen after orul or intravencus adrdnistration of
carotenc, This similayity is evident from the utilization
of the verious carotenoid pi ments (Table 21), and it is
clindsicant also that substunces such as xanthophyll and
towpharol, which are known to affect the utilization of
orally administered caroteno, should be found to exsxt a
aimilar effect on intravenous adainistretion,

If, as has been suggested previously in Chapter 111,
all tissues are capable of effcotin; the conversion of
parenterally odministere. carotene to vitamin A, the failure
to detect some conversion af'ter subcutaneous administration
is somevhat surprising, The poesibility cannot be over—
looked, however, that converaion occurs, or is at least
initiateu, in the blood ruther than the tissucs themeelves,
& randdon oxidation resultins in a fyragmen’, such as, for

emm;le, a carvtenal, thut can be roadily oconverted into



vitamin A, The simflar rates of ramoval of the different
carotenoid rdoments, inclwiing those not converteu to
vitamin A (Zable 21), and of carotene fxom the blood of
rats, rubbits and calves (ulthough os discussed by Kon et al.
(1959) the last uo not form vitamin A) would suppert the
idea of a randam oxidation ruther than a spocific reaction
praducing Vitamin A (see also Bieri & Follard, 1953, 1954)e
vidlth a view to iavestipating tids possibility further and
obtaining more yroalse infarmation on the nature of the
proceases involved, it was aecided to undertake a more
detailed study of the eifect of tooophcrol on the conversion
of intravanously administered carvteae. Sinco, quite
clenrly, the function of the blood in canversion ocould not
be etudied by direct surgicel procedizes such as were used
in the casc of the liver and lunyy it vms thought that en
investigation of same of the cuantitative aspocts of the
inhibiting action of tooophcrol might provide another means
of ap;roach to the problems This work accordingly forme
the subjeoot of the next chapters

2umagy

1¢ The utilization of aqueous disparmions of ,[;-camm
anxi other carotenoia ¢i ments in Tween has been studied 4n
rats, A number of factore affeocting utilization have alse

been investigated,

2¢ Tlepatic vitamln i stares were inarwasal by the intruvenous,
intreperitoneal, intsamisculsar or oral administration of

carctene disperaions, but not by subocutancous injection,



Je There was a fuirly direct relationship between the level
of caxotene andi vitamin /4 in the liver and the amount of
cayotenc injected, Liver stores of vitamin A cantinuod to
incroase as long as measurable amounts of curotene remained
in the blood pm, but liver levels of carotene remained
constant after 3 he

he It is sugpested that the curotene present in the liver
after intravenous adadnistrution merely represents the
Synctiaon of the Goso present as larger particles,

% Converaion was cbservex to ocour in both deficient and
nonwdeficient animalc,

6o Lower hepatic stores of vitamin 4 resulted from the
aimaltancous intravenous edministruotion of xanthophyll or
of rolativeldy large amounts of tocopherol with the carotene,
andl attention is drewn to the ap .aeyent aimilarity in the
mochanian of Wwealzicon of carotene after oral or intravencsus
adninistration,

7 Using vitamin i\ storage as a measure of activity, X-carota®
wvus ghown to be about onc-holf as active as  /f=caroteno aimilarly
injocted, Lyoopene, xanthophyll eand seaxanthin were completely
innotive, as judged both by liver storoge of vitamin A and growth
ctxlion, Uryitaxanthin (goducnd little liver storege but was
shovn to be capable of supporting normal growthe Hetinene
disappoared rapidly from the blood after injection and was
cificlently converted to vitamin 4 ester,

MASSCY AGRILLLIURAL COLLEGE
JBRARY PALLMERSTON NORTH, NI
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8¢ It is suggested thnut the converaion of intrevenously
adndnistered curotenc uisporoions into vitamin 4 results
primrily from a renian axidation of the sarotene and
that at least thc indtiul stajes of the oxidation may
occur in the bloods



ALMINISTERED AQUEOUS DISPERSIONS OF CAROTENE
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Zntreduction

In the previous ampter evidanoe was prosented suggesting
that thc blood may pluy a mah more sgpecific role 4in the can=
varaion of intravenoualy admindstercd aqueous dispersions of
crotene to vitamin . than had hitherto been suspevtad,
Evidenoo was elso presenteu ahowving thul the aimiltanscus
intrevenous administration of tocopherol inhibited the canveralon
of injected carotens and that the degree of inhibition was
more or less direotly related to the lewel of tocophsrol
injected (Table 20, :ipse 2=4)e At about tho timo that
this work was carrieu out there came to the author's notioce
a publication by Bieri (1955b) in which this warker reported
that in exeriments in which tocophcrol had been admind stered
orally to rats to build up reasunably high tooophcrol levels
in the tissues,; no effect on the efficiency of converaion of
injootad curotene oould be detectod either by growth or tissue
vitamin A studies, From a consideration of this evidenoe,
alang with that obtained in the last chapter, it seemed that
further experinents, more detuiled than the last, in which
the fate of injected tooopherol was iollowed, and in which
aarotcne wvas injected at varimus time intervals before and
after tooopherol injections, might throw fuxrthar 1ight on
tho rale played by the blood, and perhaps other tissues, in
the canvareion of intruvenoualy admindstereu carotene to
vitanin 4 in the intact animal,
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waperipentad
“he materials and methods used in the present experiments
were as described previously with the following additionss

ioatse The rats used were albino of the Wistar etrain,
partially deficient in vitamin A, and maintained on the basal
diet previcusly described, Their mean weight at the time

of' use was 250 g.

Injections, 41l injections were into the iliac vein exposed
by ventral leg incision,

In ordar to fullow the

build up of vitamin 4 in the rat at various intervals after
injcction of carvtene, the vholc carcess wos assayed, Aftor
a sharp head blow the anlmal was dropped into a mixture of

20 ml, of 63 KDH and 100 ml, of othanol at 70° and exponified
for 10=20 min until the carcass was digested, 100 mi, of
distilied water were addod and the mixturo was extracted with
two successive lots of freshly distilied diethyl ether, The
canbined ether extructs were washed thoroughly with distilled
wter, dried over anhydrous sodium sulphate and eveporated o
drynces on a hotplate at 70°, The residuc was then taken up
in 2«3 ml, of petroleun cther and chromatographed (see peilh)e
Vitamin A (as the alcahol) ws rcoovered in the 8. ethanol
fraction and estimted with antimony trichloride,

Injoction of tocopherol alono,  The rosults rresented in
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Table 22 shov thut, after the intruvenous injection of an
aqueous dispersion of 20 mg of X=tooophcryl acctate, there
was a rapid digap earence of this substance from the bloods
After 5 min upproxdmately 75. of the dosc was recovarcd from
the blood but aftcr 1 h only ebout 5 rwmined in the blood
and at 2, h the level had returned to normal, The levels
in the Llngs anu kidneye woere also highest immediately after
injection and showed decrensss with ¢imo similar to that 4in
the bloode 4t 24 h, however, the level in the lungs was
otill about ten times nommel and in the iddneys almost twice
normale On the other hani levels of' tocopiicruvl in the liver
inaeansp: steadily durding the first hour after injection,
renching a maximm between 1 and 2 h, and then deareaaing
steadily to levels 15=20 times normal at 24 he

In the tissues cxaminmi, the total recovery of tocupheorol
was about 90- at  min and this level gradunlly decreased with
tins to ’0}9 at 2, h,

Table 23 (. xps. 2 and 3) ehows the effect on converaion
of injooting an aquecus dispcraion of 20 mg of  A=tocopherold
at various interwols before and after injoction of 400 pg of

carotene as an aquecus digpersion, while Table 23 (Lxpe 1)
shows the effect on convoraion of administcring 20 mg of

X =towopherol in anquecus disperelon aimiltanecualy with 400

1 of carotene in agueous disperaian. Froo thc results
prosented it le apparent that the efficienqy with which the
rat is capable of utillizin; intravencualy adoinistored carotene



Iable 22, Levels of tooopharual in rat tisaues at warious time
dmterwis after the intrevenous injection of aqueous

dispcraions of o=tocopheryl acctatee (20 mg dosc 4n

Oel ml, Tween).

it;a ! m moo:f - Liver Lrgs Kidncys Total recovesy
used | (h) (mg) (mg) () (Le) (mg)
3 | Cantrol 0e13 0e11 3¢5 9 0e2
IN ! & e 1.8 1200 145 18

4 : 3 1040 249 670 105 I
L | % 4e2 Ge 0 335 110 1

IN | 3 | 146 8.0 12 37 10

I 1 | e 1.2 135 X 12

L 2 Ge53 Ce0 115 35 8.6
& 4 0633 29 &0 22 302
4 2 0. 11 149 32 1% 2.0

¢ Total tawpheral prescod/rat,



Isble 25, The effect of preliminary, simltencous or subsequent intrevenous injections
of an aqueous dispersion of 20 mg o(~tocophcryl acctate in O.4 mi, Tween on
ﬂnnmmmm&ﬁtmnmﬁmmmtom
sinilarly administered. All animals killed 24 h after Carotene injection.

lioe Interenl Hlood Liver
rats Treetment between vitamin A

used injections | alochol M% " Total

(n) (02/100 ml.) () (ng) (ng)

2 Rone . 8 003 006 | 009
6 Carotenc alone - |, 2.8 28 39

2 Carvtene and SlmaltnrmmJ 8 1.6* Lo O° 5.6

toaophcral
4 Carotenc after T3 9 2.2¢ 5.8* 8.0
toorphoral

2 P 1" 2,0 1 13
5 % " | 2.0 47 19
& ] 12 i 2.7 L 2 P

2 2 9% 49 21 26

2 N 13 1.9 2, 26
4 ‘ 2, 13 2,0 | 28 30

3 | Tocophercl after & 1% 2.3 | 940 1

| carctenc | ?

2 % % | be9 % 30

3 : 16 3.0 -3 34

3 1 15 21 PN 33

3 2 1 1.8 5 - 37

3 & 13 | 2,0 0 | 32

® Colour developed with antimony trichloride somewhat atypical.
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Zigme 2»

Relatiocnship between blood levels of tocopherol
at thc time of carotenc injection and the quantity
of vitamin A appearing in the liver of the rat 24 h

later,

o——e Toaophcrol resulting Sxram the injection of
varyin; amounte of toaopheryl acetate
aimltancously with the curotanc,

s——it Tooopherol resultin: fran a preliminary
injection of' tocopheryl acetate.
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is depressed by a similtansous or nreliminary injection of
tocopherol. The effeot of the tooopborol docreasexi with
tine, howover, and converaion appoarcd to be normal when
the injeotions were separated by 24 he

From the results of 'xpe 5 it is apparent that ¢tooophoryl
acetate injoated ) min after the carotenc depressed conversion

to about ono=thinri, but when injeotions were separated by 15
min or longer, no effect was apparent,

Tho total amount of vitamin 4 preeent in the rat carcess
at warious time intorvals after injectdon of' caroilene is shomn
in Table 24 artieularly et the shorter timo intcrvals
difficultios were cncountered in estimating vitanmin A due to
the presance of an artisact which oould not be eeparateu from
vitamin A aloochal and which produced, with antimony trichlorido,
an atypical nonefoding colour, The vitamin ;i levels must
therefore be regarded as approximate only but, whatever the
absalute level, it is apparent that thero was a stewyy inareasc
in vitamin A in the whale carcess up to 2, h after ocarotene
injection,

Disoussion

The present axgerimnts were undartalen for the purpose
of investigating in more dstail the effect of tocophercl an
the utillaation of intravenously admnistercd agueous dispcrw
sions of ocarotene, and 4n the hopo of obtaining further
information on the role played by the blood in this regard,
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Fram the results prescntod in Tablo 23 4t 1s clear that, not
anly is the utilization of intravencusly administerod curotenc
digpersions mnriealy roduced by the simultanecus injection of
toaopherol, but that the offecst of tocopherol peraists, to a
oteadily decreasing extent, for some hours, Thus with the
dooago lcvels used in the present inwvestization (400 mg

3 aarotene anu 20 mg ((=tocopharyl acetate), conversian of
angotano, as lniloated by liver ctares of vitamin 4 2, h after
injection, was about once{ifth normal when carotene and
tocopherol were administered simultaneously, about four-fif'ths
normal when the carotene was injected 1 h after the tocopherol
and was acorrml again whon the intcrval between injoctians was
increased to 24 he

In earlier studles (e.ge Chapter V, Table 193 see also
Ron of al, 1955) it was shown that the lovel of vitamin A din
the liver increases steadily durding the first 24 h after
injection, Similarly in the present inwestigation, although
sone difficultics were eacountered, due to the presence of
Anterfaring artifacts, in maasuring tho totel anount of vitamn A
in the wholc carvaas, tho revsults obtainas also indicate a
stoady farmation of vitamin 4 owver this reriod (Tahle 24).
In view of this epporent farmation of vitamin 4 over 24 h, it
was axprising to find that when tocophorol wes injected after
tho carotenc, liver storage of vitamin A was dopressed only at
the 5 min intexval and that conversion was nogyml when the
injection was scparated by quarter of an hour or langer, The
amount of vitamin A in the curomsas quartor of en hour ofter
injection was only about one-thimd that present et 2 h (Table 2)
and 1t would havo bean anticipated thut the injection at that
time of tocopherol would have depressed the formation of further
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vitamin A, llowever, no such effect was apparent and the

most probable explanation for these obsarvations would a; pear
to be that there is an initial repid breakiown of tho caroteme
to an intermediote which is then more slowly canvertad to
vitamdn .+ It is probabls that it is the formation of this
intermediate which is inhibited by toaopheral (ofe also ped7,
pere, 3) and that the formation cf vitamin A durdng the 24 h
following injection is devemient on the further breakdown of
thic intermediate rather than on the continued lewvel of
carotene in the blood (ofe. pe93, para, 1), Indeed as has

been sugpested for the pigment present in the liwer (Chepter V),
carotenc in the blood and other tissues may, in the course of
quarter of an hour or less, have boen oconverted to a physical
state from which 1t ic no longer awailahle to thc animnl for
axversion to vitanin A,  Kon gt ale (1955) have already
ehomn that the utilieation of intravencusly administered
corotenc is intinmately rolated to ite phyaical state and it

is significant that although the initial appearunco of vitamdn A
in the blood is extremaly repid, the vitamin 4 which finally
appears in the liver represents anly a very amall proportion

of the injeoteu caroteno (ebout 10 of a 400 ug doee), .lthough
no infurmation is avallable regarding the fate of intrawvunoualy
adrdni stored ween 40, it is posaible that it coulu bo mstabolized

sufficiently rapidly to cxplain a ochange in the physical state
of the carotene,

In the experimenta reported in Chapters I to III 1t wae
showm that converalon of injected carotene to vitanin A was
Uittle affected by removal of the liver, stomach, amll

intostine, large intestine, panareas, lddneys, adrenals, ganeds,
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head or néak end on the basis of theso results it was conaluded
that none of these argans or tissues was specifically izvolvel
in the amversion of' injeoted carotene and that probably many
tissues were cepable of effecting the trunsformetion (of. Bicrd
& Pollard, 1954, Xon et ales 1955)e¢  Emperiments of thia type,
howovar, tend to give qualitative rather than guantitative
results due to the differences in blood volumes involved and
the shart time during which the animal can aurvive following
aguto surygerye Thus conversion may have been oonsiderably
reduced by the removal of sume of these organs ani possibly 4in
the intact animal one or mare of these orpane may in fact be

a main aite of conversicn. From the evidence presented

by Kon et als, (1955), however, there would appear to be good
gounds for rejecting the intestine as a main aite of oonveraian
in the intact animml and fyom the results presented in Chapter V
it would appear Ukevisc that the liver is not involved to any
slgnificant extent,

Further evidange regurding possible sites of carotene
axveralon can be obtained from the known effect of tocophcrol
and tho rate at which it appcars ani disappears fran tissuecs
after intravenous injcction, Sinoce the roaction which
tooopheral inhibits is an extranely repid one, the levcls
of tocophcarol in the tissues durdng and dmmpiiately falloving
carotenc injection are clearly of geatest intcrest. The
tissue lewels of tocopherol shovm in Table 22 thoreforce
afiord furthexr evldence for rejecting the liwver as the main
site of converaion in the intact anim], The levels of
tooopharal in the liver bear no relationship to the utilization
of carotene injcoted at inareasing time intexvals af'ter tocopheral,
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the leval of tocophorol being low immmiiately after injection
vhen the inhibition is greatest and highost samc 2 h after
injection by which time canvaerasion is returning to noruale

In the bloou, kiuneys and lungs, hovevar, lovals of towophcrol
are highest immadiately fulloving injeotion and ehow dearecscs
wvith time similar to the decreaainy offect of toaopherol on
converaion, Adthough this rvlationsahdp is alosest in theo
case of bloou toocophcrol lewels, the egreriment in itself
hardly affords eviuonoe for rejectin; tiesuss such as the
lungs ani kidneys in favour of the bloxi as the site of
oconversion, It is aignificant, howewver, thut, on the

basis of other eviuence presented in Chapter V, attention has
alrvady bean drewn to tho blood as the aite whore conversion
ocould at least be initiatod "eesse.8 random oxidation resulting
in a fregxmt, esuch as, for exam.lo, a carctanal, that can
readily be canvertcc into viteain A",

Obvioualy further work is roquired to ocorroborute the
present fimiingp but all the evidenoce presented here is
entirely compatibic with the suggeetion of the brealksiowm
baing initiateu in the blood, with the rupid foxmation of
an intermedinte such a carotenal, which is then more slowly
amvertad to vitamdn i, «11l attempts to offect tho
convereion of carotene to vitamin A by incubation in vitro
with blood (Chapter IV) unfurtunately have faileu, nor have
any likely intermxiiates boen idontified in the blood of tho
intact andml after oarotene injection or in the incubated
mtarial, The intcamaidate coulu, hawsver, be a labdle
substance which rupidly underyoes further oxidation unlcsas
ravval from the blood by the tissues wherc its canvvrsion
into vitamin i could ocour,
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The alese negative relatianship betwoon blood tocopherol
2evals at the time of carotene injection ani liver levels of
vitamin A 24 h later is shown in Pig. 2, Data for this
figure were obtained fram Tables 22 and 23 Also plotted
on the same figure is the effect of tho injection, similtancoualy
with carotene, of comareble levels of tooopherol. These
data were odtained from Tahloe 20 (ixps, 2«l)e If it is
anly the lewvel of toocopherol in the blood which influences
aonveraion, it would be anticipated that a given lovel of
tocopherol, whether injected with carotene or resulting from
a previous injection of tooophervl, would have produced the
samc depresalan in oconveraion. It would eppear, however,
that toacpharal injected similtansously, at least at the
hiszhor lewvela, 1s conalderubly more effoctive in reduoing
conversiaon, It is diffialt to axplain this differunce
unless it is again the phyeical state of the tocophcrol
which is involved,

1¢ The effect of tooopieaul on the aovaraion of intre=
venously administered agqueous digpereions of carxotene has
been further investigated,

2, after intravenous injootion of an aqueocus dispersion of
X =tooophoryl acetate there was a repid dieappearunce of
this substance fram the bloois at 5 min approxicutely 75%
of tho dose was recovered but at 1 h only 5% remnined and
at 24 h the level had returned to normal, The levels in
the lungs and kidneys were also highest immediately after
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injection and showed decreases with time similar to the blood,
At 2, h, however, the level in the lungs was still about ten
times normal and in the kidneys almost twice normal, In
contrast, levels in the liver increased steadily during the
first hour after injeotion, reaching a maximim between 1=2 h
and then decreasing slowly to levels 15-20 times normal at

24 h.

3s Convermion of carotene into vitamin A was reduced by
similtaneous or preliminury injections of tocopherol, the
effect of tocopherol in the latter case decreasing with time

up to 24 h when conversion was again normal, When tocopherol
was injected after carotene, conversion was reduced at the

5 min interval but when injections were separated by 15 min

or longer no effect was apparent.

Lo It is cancluded that intravenously admind stered carotene
undergoes a repid breakidown, probably in the blood, to an

intermediate which is then more slowly converted to vitamin A.
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Zntrodugtion

H1thowsh it 18 nov well established that parenterally
aaministarad aeroteno can be converted to vitamin A 4n the
rat, robbit, pig, shecp and chick (e.gs Kon gt ale 1955),
no evidence has appaared to date cancorndng oonveznian in
tho guinea p4g or goate This is somcvhat surprialng in
vicw of the faot that both spocies arc extensively used for
axperinental purpoaes, It was thought dealrwble, tharafurc,
that tho matter should be inwostigateds At tho same timo At
was decided to undartake a study of the affect of equeous
QAlgperaions of vitamin A aloohol and ester injectad intro~
venously into lactating goats, follawing the alaim by Sovel,
Rosenberg & Engel (1952) that intravencus administration of
an aqueous dispersion of vitamin A to lactating cows resulted
in o maxrked inarease in the vitamin A lewel of their mill,

4 study was also corried out of the affoct on milk lewels of
carotene and vitamin A of injecting ocarotene and vitamin A
digpersions directly into the tissuwe of the mammexy gland,

It is the pwpose of the uresent ahapter to repart the results
of these expariments,

Laperimental
Generel, The materials and mothods were essentially as
described previcusly with the fulloring additionat

Guineca pigse The guinea pigs used in these experiments
wore axdeding animmls approximately ons week oldd obtainod
fxom the Callege Votarinary Departsent calony. They were
affepriny; of inbred alddno stoci~ocolany does which had been
maintained throyghout the lator stages of gestation on a
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dlet fairly low in vitamin 4 consisting of a basal ration of
concentreto cubes plus hay.  Their vitamin A etorcs at tho
time of use were, therefurc, vexry low. All injoctione were
into the jugular vein exposed by ventrel neclk incision,

Goats. The goats used were of a mixed breed, prodominantly
Saancn, and were tethcred on pasture throughout the experi-
mental pariode Unless otherwise stated thay were milled
only once daily. All intravencus injections were made into,
and hlood samplos were withdresn from, the juguler vein, using
an 18 G hypodermic needle. Intramammeay injections were mede
into the tissuc of the meameary gland, using a 2, G needle, the
needle being withdrewn slowly d&wing the injeotion to distribute
the dispersion through the tiseusj cach dose was given as two
equal injections,

Assey of mille, Fat vas extracted from the mili samplcs by an
adaption of the method of (lson, Hogsted & RAstersan (1939) in
gencrel use in this labaretary, 50 mle of milk (or 25 ml,
of milk and 25 ml, of water if milk of high fat test) was
denatured with 7.5 mle of conce NH, 0N and 50 ml, of aloohal
and axtrected by ehaking with 60 mle of diethyl cther and 3O mle
of potroleum ether,  The mixture was allowed to settle and
the bottom layer run off and resextrected with 40 ml, of
dlethyl ether and 20 mls of petroleum ether,  The ether
extructs were combined, centrifuged, washed twice with 25 mle
of weam distilled water and dryed over anhydrous sodium sulphate,
The ether was next evaporated on a hotplate at 70° and the

woight of the remaining fat determined, The fat was then

¢ See pedile
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talen up in 2e3 mi, of petroloun ether, chromatogrephed on
alwdna, and the contate of ausutans, vitamin A alaphol end
ogtar estimated ag deaaribed on ppe 14=16. (See also pps 169,
170).

Beoulte

The results preaamtad in Table 25 ahow cleardy that the
guinea piy 48 aapohlo of effoctively utilirdrng; paronterndly
adnimd sterod carotanc in Twoan as a souwroe of vitamin A, This
is indicated by asignificont increancs in tho vitamin A lewls
of tho Lload and liver at Amtervals foliwrdn: injocction of
cazotae into youn, animals with lowerethan=normal vitandn 4
DCaOIVOSe From the reocults of ape 1 4t oon bo aecen that,
a8 in tho pat, therc was a rapid inaaasc in the vitamin .
aloohol omtant of the tload af'ter injeotian, follawd by a
alower bulld up 4in the liver, initinlly as the alcohnl wat
later minly as thce ogtar, It 48 of Ainterest that the
anoutt of vitamin 4 farmed aftor injection of campureblo
doeos of aarutano was approximately tho same es in the rat
and that the amount of carotenc takan up by tho liver reachad
a nudmm 5 h after injeotion and txgeaftar remined constant
(cfe Table 19)e  From the results of ixpe 2 (Table 25) it
io aloar also thut, over the runge etudded, the armunt of
vitamin A appearing after injoctian and the amnt of acarvtane
oetored in tho liver were both Anfluenced by the lovel of

From the rooulta presented in Table 26 (i3e 1) it can
»e soan that although intravenous adminiotrution of carotenc
in Twesa to gocets rcsulted in compesetively high bLlood lcovels
of carotene for sum time after injootion, there was no evidancs
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w.ataoccvar to suggest any formation of vitamin 4 from this
airauiating carvtanoe whils these recsults aro ednittedly
limited 4n extent and obtained fyum only a emall musber of
animeles, thqy nsvarthaless ;qovide an indication that con-
vorsion in the goat, 4f it ocours at all, is extraxcly
inofficiant when compared with that in some other s.colese
The rosults presented also mmie it cloar that no carotane

was trensferyed to the milk after intravenous administration
of carvtene disperasion, nor was the lovel of vitamin A alochal
or cster in the milk neasurably inareascd by any vitamin that
my have been formed from the carotanc, Similerly, there
wag 1ttle indication of the tranafer to the milk of intree
venoualy administered vitamin A alochol or palmitate (I xpse
2wiy) In Exps. 2 and, marticularly, 3 there was some inaroase
in vitamin A aloohol but, cansiderin: the lovel of vitamin A
aloohal injoctci, the effect wag wvary slight,

Rlood plasme alanhol and ester levels rooorded 4n Expe 5
indionte that, as has boen showm previcualy for Tween dispcreions
of vitamin A acetatc Anjected intc ruts, robbits and calwes by
Ron gt al, (1955), vitamin A pelmitate wes rapidly hydirolysed
in goats, It was also repidly destroyed in ar rewved from
tho hlood plaame, both alcahol and ester levols having returnad
% normal within 2 h, The equally rapdd estorification of
vitanin A aloohol, as shown by plasma levels in ‘apse 5 and 4y
indicates an oquilibrium reaction,

In cotrest to intravencus adqinisteution, injcotion
of carotenc dispersions digootly into the tissue of the
merary gland geve samo fndication (Teblo 27, ‘xpss 1=3) of
canversian into vitamin A, the aloahwl lowel in the mil: alwayo



Zable 23,

carodar and vitardn A

of
young gudrea pigs

aftcr intravenous

dispereions of cazotene in Twecn.

A in the bdload and liver of
administration of acqueocus

T Amount 'I‘ime fram \ ive —
Expe an.tm.‘h corotene | doeing to M ?uaman A!'T b T Corotene

?fS (h) 1 (pa/wo ol.) (/100 ml.) (ys) (ng) (pe)
9 2 - - 12 o 2,6 3.8 Trace
9 300 = 'l 60 3400 25 340 Traoce

1 400 1 ! 56 1900 TN 4o 2

2 400 3 \ 50 900 8.8 8.8 7

1 400 12 26 4,80 6els 17 66

2 400 2 18 Traon 6.6 31 72

2 2 200 2, 1% Trace 3ok 23 49

2 400 2 18 Treas 6.6 3 72

2 800 2 15 Treos 5¢8 %0 90

o‘z‘-



Zeble 26, Utilization of aguoous

dtlspezwiam of aarctenc and of vitamin A alochol
mmmwwmmmmmmgom

Nou Time  ——— 4ol Tlagun “mﬁiﬁﬁ
Lixpe goats Dose of after Vi A L
used dispersion | loture injectlan Carotene “Jlodhol Ester  Carotene
(ml.) (mg) (b) (ugﬂnml-J (mzﬁoomu (neA0nly (ne/g) (ue/z) (xe/g)
1 3 o* None - - X - 0 062 15 0
b o] Carotano 20 & NN - 700 Ce2 I 0
2 42 - 120 Ce3 16 0
IN ¥ - 20 Ce2 16 0
18 L0 - 55 Cels 18 0
2, 2 - 30 (09 15 (0]
48 x| - 29 0e2 17 o
9% 40 - 12 0e3 16 0
120 W3 - 0 0.2 15 0
2 1 0" Jione - - W7 50 - Ok TN 0
2 | Vitamn A 20 a 3% 1% = = - -
| aloobol
| N YA be5 - 05 17 0
| 2 a2 307 - S T TR 0
'; 48 ub ket - 0e3 15 0
| 3 1 o’ Tione - - 5 3e0 - 03 19 0
10 Vitanin A 10 T 165 X - - = -
aloohol
| 6 87 - - - -
1 52 Sel = = - -
2 49 2,9 - 09 18 (o}
| 4 49 3ol - 05 18 0
s 1 | o Fane - - 4 8.2 - 0e3 18 o
10 Vitemin 4 10 * 5% 20 - = = -
| pelmitate
1 i H ” - - - -
. 1 & 2h - - - -
| 2 42 93 - S 19 0
a | 4 42 8.5 - 05 17 o

® One animal non-lactating,
¢+ Values before injection.



Zable 27, Utilization of aqueous dispersions of carotene and of vitamin A alcohol and

palsitate injected directly into the tissue of mamary gland of Jactating
goats, (Dose: 5 mg of substance in 5 ml. of dispersion)

T 1

Expe lice Substanae ﬂm ', Jidlk at
goats | | El_mﬂ
used otion . e Vitamdn A Carotene
éh Lster ﬁmh?:i_" Lster

ol

| (pf./s) (ne/e)  (ug/s) (ne/2) (ue/e)

1 1 Hione - 03 17 0e5 17 0
Carotene 2, 06 16 P2 6 | 420
48 Ge 2 17 1.2 18 | 170
2 1 lione * - Ocls 13 Cels 16 0
Carotenc L , - - - - 360
Carotene 1 2, 03 1% 1.0 17 160
4 Cols 16 1.6 16 180
72 Ce5 16 13 16 110
3 1 iiano * - O I Oaly 7% 0
Garctene 6 Ce2 w1 15 340
2, 0e2 13 | 1.0 15 110
45 Oe3 % | o8 12 21
72 Ued 15 Gols 16 7
4 1 None * - - - Ce2 16 )
Vitamin A 2, - - 5.0 2 0
alaohal |
45 - - 40 2 o
96 - | - Ou3 18 o |
|
5 3 Hone * - - - 0.2 16 o |
_ Vitamin A 18 - - . 760 o |
| pelmitate 42 - | - 8ok 280 ()
| 66 . - be5 10 o
JlI | 168 | - - o2 18 (o]

® Injected with 5 ml. of 20i Tween anlution (see p. 12h)e
+ Values before injecticn,

$ 2na injection 2 h after first.



increasing, In ixpe 35 5 mle of a 20> Tween solution were
ingectad into the controld glami at the same time as the injeotion
of cnyotcne dispersion into the treated glands The results
indiceto that the increases in milk vitamin 4 alochal wore
associatod with the agotene end did not result fram an
infiltretion of blodi plasmn vitamin /i alcohol duc to tiazsue
damnge after injection of Tween,

From tho results presented in Toble 27 (Exps. 4 ond 5,
regpoctively) it is epparent that some esterification of
vitamin A aloohol and some hydrolysis of vitamin A palmitate
oocomxed after dircct injection into the gland, The appearence
in the milk, and the contimod ssarctian of cerotenc and
vitanin A, in ;xpse >=5 is not surpriaing and is not
contradictory to the results obtainod after intravenous
admini stration, By the formar route some of the doos would
be injeoted direotly into the alweold and duots, vhere, owing
to looal blockage, 1t oould be rotained for eocce time before
relonsc, The pcrmaahility of tho membranes to aquoous
dispersions vouli, thercfore, not be involved,

Liscussion

The main aim of the present exparimcnts was to obtain
evidanoe on the utilization of aquoous dispersions of cagotene
administered by vedn to guinea pigs and of aurovteno, vitamin A
alcohol and ester administered by vein to goats, 1In addition
the utdlization of similay preparations of carotene, vitamin 4
aloohol and ester administoreu directly into the rmmmary gland
of poats was also studied,

From the results obtained with guinea pige (Table 25), it
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is apparent that this species is capable of converting
intravencusly administed agueous dispersions of carotenc

to vitamin A about as effectively as the rat, The bulld

wp of vitamin A alcchol and ester in the liver after injection
similatod that in the rat and the lovels of viianin /\ eppeare
ing 24 h aftor injection of wurying amounis of carctenc were
elso similar (of, Table 19). It was of intarect to notc
also that, as in the rut, the level of carotene stored in

the liver reached a mexdmanm at 5 h after injoction and thorow
after remained oconstant®,

After intravemous injection of caruvtame into goats there
was no eviimnce of any incgeese in the vitamdn .. alaghal
cantent of the blood either in lactating or non=lactating
andmais, and, on tho basias of thde finding, it mst be cancluded
that in the goat, as in the calf (eege Church gt ale 19543
Kon gt als 1955), injected carotene is converted to vitamin A
wvery inefficiently, if at all, why certain specics should
be unable to convert injected carotenc is not known, Chuxch
gt ale (1954) have sggestai that the fodlwre of thc culf in
this respoot may bo associatod wdth the fact that in this
species carvtane narmally circulates in the blood, but clearly,

* This atmlarity in bchaviour botwean the rat and the
guinen piy; was further borne out by the rcoseults of
two other experimentsg the firot, in which the livexrs
wore ramved fram two guinea pigs (using the mothod

method doscxibed on p.41). Aftor injection of 400

w; of carcvtene in Tween into thc hepatectamized andands,
plasme vitamin A aloohol levels inareaszs fyan e control
lovel (ane enirml) of 15 pg/100 mle to 53 1¢/100 ml,

in 1 h, vhile after injeotion into the pneumoncctamiszed
animls, plasma vitamin i alcohol lowels inarensed to
47 pe/100 mle in 7 min, These levels rcoeemblad very
cloeely those obacrved in rats almilarly trovatod (cfe
Tables 6 amd 8).



such reasoning cannot be applied to the goat in which carotene
does not alroulate to any apjreaiahle axtent. A more Ukoly
reascn, therefore, as has been su:gestod by Kon gt al, (1955),
would appear to be a difference in the katabolic pathway of
cayotene between those &roclecs narmnlly cepable of cffecting
conversion and thoss not, In this respect it is of intcrest
that the rate of katebolism of carotenc, as measured by its
rate of disappearence from the blood, apyears to be greater

in the former group than the latter, For example Church

ot al, (1954) have chom the rate of disappanrence of injeated
carotene from the bloou to be greater in shoep than in calves
while in tho prosent work it has been shown to be greater in
rats and guinen pigs (Tobles 19 and 25) than in goats (Table 26),
SArdlarly, Ron gt ale (1995) have shown thet although the initsal
ruto of disappearunce of ocarotens (1.6, over the first 2 h after
injection) is tho same 4in tho rat, rebbit and aclf, auvta®
reraists in the blood of the ocalf for a mach longer period
fallovdng injection. Gulte poesibly those obeervations may
have an important beuring on the jzoblem althouh thcir ezact

signiticance at the mament is not caay to seee

Neither aaxotenc, vitamin A aloohol nor estcer injected
intravencualy in aqueous digpcraion into goats had any alynif=-
docant effect on the levels of these subastunces apponring in the
sdlle fat, This recult is somewhat eurprieing in vicw of the
findings of Sobel et als (1952) in cows, whiach showed that
introvenous edministration of aqueous disperaions of vitamin A
causcs a marked increasc in the vitadn A content of the milk
fate This dlsarepanqy may repregent a specices difference
associated parhips with the fact that after injection vitamdn A
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was recoved much more rapidly from the blood of goets than cowg,
but appears more likely to be attributeble to a differencc in

the type of dispersion used e That no carotance appanrwd 4n
tho milk, even though considereble amounts continued to circulate
in the blood several days after injection by which time presumably
it was no longer resent as a Twoen dispersion but in some more
noyual physiological form, is curious and can be explained only
by assuming the mamry-cloamd membrene to bo campletely
imermamble to carotenc.

The fact that carotene in Tween injected directly into the
tissue of the mmary glani, in contrust to that injecteu by
vein, is cavertai to vitamin A in quite apprecisble acounts
is surprising and is difficult to explain, It 18 « matter
vhich requires further study but unfortunately this was not
possaible in the present fnstanoc, Goats are ot very reedily
obtainahle for experimcntal work in thio country enu the ones
used in the xresent series of experiments ani in those of the
following chapter were wild andmds obtaudned (ram hill-couw:try
sheop stations, The andinlp were narvous amxi fuirly diffiocult
to handle and the number which could be kept at eny one time
was limited. For these reasons the amount of wark which
oould be carried out with them was restricted, The cxperiments
in widich carotone was injected directly into the mammary gland
were the very last to be pexformed in goats anxi were carried
out in animels which were repidly nearing the end of lactation,
ani, on this account, coulu not be extendod,

¢ This is furthcer bormo out by the fact that in an ieclated
experiment in which vitamin 4 alcchol as an agqueous
dispereion in Tween was injectod intravenously into a
eingle oow (MaGillivruy, 1956, umpublisned), ao change
ooulc be shomn in the vitamin A ocontent of thc milk fot,



Susmary

1¢ The utilization of aquocous dispersions of carotcne
administered by vein has been studied in guinea pigs and
the utilization of simllar preparations of caroteno,
vitamin A alcchol and ester admindstered by vedn ani
directly into the memaury gland has boen studied in

goats,

2¢ Yawyg gpuinca pigs were able to utilize injected
ocarotanc as evidenced by ourked inareases in the levols

of vitamin A alodhol in the blood and vitamin 4 alcahal

and ceter in the liver at various intervals after injection,
The total lowel of vitamin A alonhal present in the

liver inareassi stemiily up to &4 h after injection;

the lovel of curotene present, on the other hanu,

remadined canstant after 3 he The total amumnt of
vitaodn A finally apiecsring in the liver was shawm to

be influancad by the level of carotenc aamind stereds

3¢ Thore was no cvidenco of any increase in the vitamin A
alachal ocontent of the plasma of goats up to 120 h after
injootion of 20 nmg of carotenc in Twoen, Froa this

it was conclwdeu that goats do not convert injectod

cuyotene to any apireciable extent,

4 ifter intravancus injection of carotene, vitacdn A
aloohal und ester there was no fndication of any siznificant
inaranse in the levela of these substances in the milk fat.
Vitamin A alodhol injected by wvein was repldly estorified
and removed fron (or desteayed in) tho hlool, Likcwise,
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after injeotion vitamin /. padmitate we rapildy hyurvlyeed
and rvooved from {or destoyeu in) the bloods Following
injoction of either alcohol or ester, bloou levels
returned to normal within 2 h, After injection of
acarotene, however, truces of pigment .ere atill present

in the blocd 4 days later,

5« Aftexr injecotion of oarotene airectly into the
mammary gland there was evidenoe of an increase in the
vitamin 4 aloohol content of the milk fram which it was
oconcluded that some converaion of carvtene hal ocourre.,
ifter injection of vitamin . palmitate some hydrolysis
was again apyurent as was also some esterification of
injected aloohol, Injeotion of carotene, alcohol and
ester into the glamu results in increasecs in all these
substances in the milk,
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dntroduction

It is now well established, both from earlier work
(esge Kon et al. 1955) and fram the results discussed in
the precaiing chaptcrs, that intruvenously administered
aquooud dispersions of curotene in Tween ocan be converted
to vitamin 4 in a wide range of aninel species, So far,
these Tween preparations of carotene are the only forms of
the pigment which have been unequivocally demonstrated to
be aonverted to vitamin .. to any appreciable oxtent when
administered by routes other than the aorel, Collodunl
and oily forms of the pigme:nt, for example, when oadininie
stered introvenously a pear to be quite inusctive (e.ge
Sexton gt ale 15463 Kon et al, 1955)e  Reoentldy, however,
Greenbery, Levenson & Rose (1955) reported that carotene
administereu intravenously to vitamdn i=depleted rats as
an cmlsion® ocould be effectively utilized as a source
of vitam—in Ay approximately 20, of the dose administered
bedng recovered from the liver us vitamin A forty five
minutes af'ter doasinge In view of the fact that calloidal
and oily preparatiocns of carvtenc are inactive and Tvween
dispersions at best, oven 4 h after aiministration, yleld
only about 100 of vitamdn 4 (scc chapter VI), it wus thought
deciruble that the uiilization of carotene frum an cmlsion
choulu be further invesiigated anu un attecpt made to contirm
the work of Greenberg and his colleagues, It wvas thought

of intcreat also to investigate the utilization of' vitawin 4

¢ Prepareu by o :sroduuts Inc,, ilew York, aw
containing 10, carrot oil ami 7.4- gelatin
(Re Greenbers, private comminication).



alcohol and palmitate emulsions simllarly auninistereds
The results of those stwiics aure discudsed in the present
chapter together with the rcsults of eanc exjoriments in

goats with aimdlar proparations,

General, All methods aiu materials were as describod

carlicrs

Hatse A1 rats were inbred albino animuls of' the «istar
strain partinlly deficient in vitamin i,

Goats. The goats were predominantly Saanen, in full
lactation, vith noxmal vitardn A reserves, They were
tethered on pasturv throushout the experimental periods
411l dnjections were into, anu blood samples were wi thurewn

fronm, the jugular vein,

Ereperation of emulsions. kmusions of ocurotenc and of
vitamin A alcadhol and palmitate (all suppliew by Le Light
& Co, Lt.u., Poyle) were prepared essentially as described
rcviously in Chaj.ter IV, In the case oif' the aarotene

craulsions, tocopherol was addea durdng tihe jrcparation of
the emlsion to stabilize the pigment present anc prevent

its too rupid destruction (ece Tabie 28),

Hesults
intravenous adadnistration of carotenc una vitamin A
el as to rots a defiolent in vitamin s.

Blood plasme and liver levels attainea at intervals

after the intruvenous adrdnistration of carotenc or vitamin 4
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alcohol or palmitate emulalons to rats arc shown in Table 28.
Fran the results obtuined 4in .xq:e 1 it is apparent that
vitanin A pulndtate administerce in this way is well
utilized, over onc halft' of the uose bein;; acoounted for

in the plasm and liver at all tims intervuls studieds The
increused vitundn A aloohol levels in both plascu and liwver
at the shorter time intervuls inuicates some hyurovlyeis of
the mulndtate, but at 4 h most of the vitanin i in the

liver wms in the estorifiec furm anu at 24 h re-esterificution
we ocam.ictc, From the results of ‘xpe 2 it is clear
that vitamdn 4 aloochol was not as well utilised as the
padsdtate, alightly less than one tiwiru of the dose being
revered frum the plagma and liver after injeotion at the
various intcrwals studded,  Most of the vitamin 4 in the
diver Lmmoddately after injection wis present in tho aloohol
form but as the interval after injection inareuseu this
situation wus gradually revexrsad until after 24 h the ester

forn pratiaminateds

It can be sean from ixpse 5 and 4 that there was some
indication of conwvursion of the emlsified curotene into
vitamin /e At the shorter time intcrvols there was an
iaarcased plasma vitamin « alcohol level saccocden by an
increase in ldver vitandn J: aleohol and finally esterdrioation
of this liver vitamin 4, It is interosting that after
injcction of HUO pge of carotene (ixpe 4i), tho level of
coyotenc in the liver showed no aignificent change from
5 mdn to 24 h, although the level in the plasms fell f'rom
about 1G. pg/100 mle to just a truce

A feature of the work was the repiuity with which the



Zable 26, Effect of intravenous
(mean weight 3).

= 5y

administration of emulsions of vitamin 4 pealmitate,

= | 1
Noe Lose Tine Blood P . Total
fape xets. (R votwcen m—im_ S e, vitasin A
used | (ml.) ' Tature | Amount injectian Aloohol | Ister . f sster Total per rat
and kille : per rad (plasma + 1iver)
L () | ang (b))  (peooml)|(poMoci) (oAooid (i) | (o) | (uo) [(ue) (ue) (ue)
- ! , , — .
1 2 | e |lione - - 0 7 5 1 0 & |7 1 12
|
| 3 2,0 |Vitamdn A quivalent = 0 2 157 9 o] 9 |2 33 62
[ | palmitate to 100 mg ’
| vitamin A | v
3 7 0 25 100 8 | 0 12 (42 5 72 ¥
3 2 0 29 53 9 | o 10 &7 57 6
3 IR 0 3 9 & |0 9 (65 T 78
3 2, 0 12 7 2 | 0 6 62 68 70
2 2 - liane - - o 0 4 2 0 1.0 2.5 3¢5 55
1 | 2,0 Vitamn A | Equivalent & o 65 1 8 0 20 10 X 38
:' almhol | to 100 pg
vitamdn A J
1 5 0 49 13 6 0 13 17 % 36
1 2 0 39 8 6 ° 6.5 19 26 32
1 L 0 6 9 N 0 53 271 3 36
4 2% 0 19 5 2 0 20 29 N 33
3 3 - lione - - 0 10 - 1.0 o | Ok o6 140 | 2,0
3 20 Carotene 406 2 iTuoe 1I% - 13 S.15 0eS 147 22! e
4 6 - iiane - - 0 13 - 1.2 0 0e6 | 0.8 ' 1ok 2.6
3 | 20 Carvtens 400 = £1000 16 - 1.5 26 1.6 0.8 2.4 3¢9
“ |
3 acetate ¥ 1000 ¥ 8+500 23 - 2.0 2 | 22| 08 3.0 5«0
3 X 8e200 21 - 1.8 31 | 20| 3.2 52 7.0
6 2, Trace D - 1.8 33 | 13 2.6 3¢9 S5e7
B | & | 2,0 |Carotens 200 |
| oA 1 1000 2 Truce % - 1ok 1 0e8 | 1.7 | 25|
c 3 | 1.0 | Caxotene 100 | | »
ok 500 2, . Trece | 13 - 1.2 9 10 2.5 3e5 be7
m‘ l '. l | 1 J l

¢ These figures show the total amount of vitamin A in the blood in ug calculated on the assumption that the rat
contains 6.7 ml. blood/400 g (Cartland & Koch, 1928) of which plasma constitutes 50%.
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$ See pe 132,
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carotene and vitamin A remaining in the plasse were aostroyed
ofter the blood was withdrawn from the animal, All assoys
were thercfore curried out as soon as possible aftcr alaughter
of the animals, This destruction was particulurly marked
with plasma carovtenc after injection of carotene amilsiong
despite the grecautions tuien extrancly wvuriable plasma carotene
levels were recorueds The plusm: carotenc levels are shovm

Tuble 28, therefore, as appmximte means onlye

Antravenous adminigtration of carotenc emulsions o luctating
foats,

Carotene emulsions (10=-20 ml,) werc injected intravenously
into three lactutin: goata, In none was carotene detected
in the milk drawn =48 h after injeotion, nor was there any
s8i;niticant inareasc in the vitamin .. ester or alcahol in the
rmilk or blood plaam, Typical figures are ;iven in Teble 29
for one goat® injected with the sunc carotene emilsion as was

used for the rmats recorded in iable 28(ixpe &i)e

Discussion

The converaion of intravencusly admind stered carotene
emulsion to vitamin A confirms the findings of Greenberg
ot ale (1955) who demonstrated the appearmnoe of vitumin A

in the rut following intravenous injecticns of a comrcrcial
carotene emulsion speaially prepurea from carrot oil, The

®* It should be pointed out that both the goats and
rats invariably showed eigno of distress after
injection of the emilaion, A8 a result two of
the goats and several of the rats died after
injeotion aue preswwably, from the appeagance of
the animuls, to some form of reaspiratory failure,
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cfficiency of conversion in the present expocriments, hovwever,
was of a very much lower omder than that roportod by the
latter authors, due, presumbly, to differences in the
phivaicul atate of the two emileions, or, pcrhajps, to the
proecnoe of tooopherol widch wee addod to stubilize tho
cyoteno prescnt in the emulaion, It is obvious also
that converaion was mach less officicnt than in the oese

of the aqueous curotene disperaions repurted in jreceding
ahapters with the same quanitity of’ corotene, Irom the
plagm vitamin A eloohcl lsvels anu the ldver vitumin A
alcoohol and ester lovols at the vurious intervals, however,
it would appear to follow a almilox oocurse, the vitanin 4
opicaring £irst in the blood plasma a8 the aloohol from
which it was talkan up by the liver and subscquently
csterifieds

Fram the results obtained aftcer injection of emulsions
of vitamin A alaohol and ester into rats it is apparent
tint the aloohol 1s loss efficiently utilized thun the
ocstor but why this ahoula be oo 18 not clear unless,
due to its sowewhat morce reactive nature, the frve vitamin
is more prooe to destruction, The utilization off vitandn A
polmitute fruoa an aiulsion is of particular interest since
the abecrbed vitamdn &, toliowlng; oral adudnistration, is
trangperted fram tie inteatines to the storage orycns in
en ostorified form (Thompson et ale 1949)e  If the
utilizntion of this palmitate emulsion does to any cxtent
almlate the wptale from the plaama of vitandn A ester in
truns orty it vould uppcar to be & rapld wwxi relotively
efficient prooccss, ono=fif'th of the doeo being tuken up
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in the first 5 min and aloost half the dose in 3 he

In the goat, although the maomry gland is capable of
utilizing dietary fats by a direct uptalss of blood chylamicrons
(Cegte review by Glascoai, 1954), it would appear that the
mxhrane is either impcrmeable to fut globules of the type
or a8ize present in the carotene emilsion or that the cuxotene
is destroyed or removed fruam the fat during the prucesose
Purthormore, from the plasma vitandn 4 aloohol levels reanrded
after injeotion therc was little to invicatc any conversion of
the amlaion into vitamin A,

Summry
1. The utilization by rats and by lactating goats of intre=
venoualy administerod emulsions of' carotane and of vitandn A
aloohol and palmitate has dbeen investigated,

Ze In the rut vitarin A palmitate was repidly and relatively
officiently taken up by the liver, ulmost half the dose
appearing in the liver in ;=2 h,

3¢ Less than one~third of the Jose of vitamin /i aloohol
injoctou into rats wes stored in the liver, mainly as the
eetcr, after 2 h,

4e Rats converted oarotene injected in an emulsificd form
into vitamin 4, The conversion vas cffeccted in a similar
nonner, but not as cfficiently, as vhen the carotene was

injeccteou as aquoous diaspersions in eariier experiments,

Ye llo curotene ap earexi in the milk and the vitamin A

level was unchanged after the intruvenous acministration

of carotene emulsions to lactating goatse Blood leovels of
vitamin 4 almhal appeared to rumin unuffected by injection of
carotene emulsion,
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From the results of the work discussed in the preceudng

eight chapters the following points of generul intcrcst
emerges

1. Carotenc administered parenterully as an aqueocus
disparsion in Twren can be effectively utilizod as a source
of vitamin A by the rat, rabbit and guinea piy but not Ly
tho goat, Roughly about 10. of the dose adninistered
appeared in the livers of ruts anu gulnea pigs 24 h after
injootion; 1wmbbits, however, werc very much less efficient
converters than the latter specieo, Carotene edmnistered
intravencualy as an emuleion was aleo convertoa to vitamin A
in the rut although the resction wvas of a very low order of
efficienqy. Carotene administered intravenously as an
emlaion to goats vus not ounverteu to vitamin /. nor was
thore any evidence of any increoasc in the curotenc or vitaain A
contents of the amdlic,

2, A mumbar of factors have been shovm to uffect the
effiolengy of utilieation of parentezully adninistered
agqeoous di gporsions of carotenes

(a) Carotene administered intravenously or intrue
peritancally was more offcctively utiliced than
carotenc administereu intrmmsculariy. Carotenc
administcreu subcutansoualy was utilised very
ineificiently, if at all,

(b) As the doee of carotene incrcuseq, hepatic
astores of both avrotene and vitanin A also
increased, tho rclationahi;: over tho dosc

range 10=C00 pg being more or less lincary,



® Ul -

(¢) The lewvel of vitamin A in the liver increased
steadily up to 2 h after injection and thereafter
remaineu steadye Maximum storage of carotene
wos achieveu after J he

(@) Simultaneous administration of amnthophyll,
tocophcrol and benzayl peroxide dsaresaad the
efficiengy of canveralan of carotene into
vitamin A,

3¢ Conversion of injeoted carotene into vitamin A has boen
damonstraeted to take place in both deficient axi non=iaficient
animals,

Le Carotenoids not possessing the [’ -ionanc ring structure
were shown to be complotely luaking 4n vitardn 4 activity
whon edmind stereu intravenocusly althouch they were actively
metabolized as imxilcated by their rapilu dissppearance from

tho tissucs after injection, |4 =carotenc was shown to be
about twice as active as Xegarotene as Jjudged by liver
staruge of vitamin e Cryptorantiin producml little liver
otorage of vitamin A but was shown to be capable of eupporting
nonml growth, Retinane disappearea rapidly fram the blood
after injeotion and was efficiently canverted tc vitamin A,

5  bvidence was obtainod showing that the reaction invulved
in the oonvuraian of carotene to vitamin . after parenteral
adnlnistration of carotene mae aimilar to the reaction invelwed
aftcr orul admdnistruation,

6 7Thyroid activity was shown to be without any effect on
the osnversion of intravenously adiministereu carotenc into

vitanin i, from which it was conclimian that the effcct of the
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thyroid on the conweraion of ormally admdnistered carotecne
mst be by way of its effect on the intestinal adbsorption
of carotene rather than an the mochanism of convarsian into
vitamin e

7 4 serioe of experiments is reporteu in which diffcrent
tiseues wero ramoved prior to injection of carotenc in an
attempt to docate the aite at which carotenc is converted
into vitamin 4, Removal of the amall intestinc, lane
intestine, panareas, kidneys, adrenale, gonads, lun:s, hcad
or neck had little apparent effect on the lewvel of vitardn A
aloohol ap,earing in the blood after injocotion, from which
it was cancluded that poSaibly many tissues are aapahle of
elfectin;; conversicn, Attempts to check which tissues

in particular were involved in oconversion using various

in vitro techniques unfortunately werc not sucoesafuls

It would appear that the reaction in vitro is cxoeedingly
difficult to demonstrate although retinene and vitacain 4
alechol “ere metabolized normally under these conditions,

8¢ In a further study of the inhibitin: effect of
tocoplicral on conversion, At was chown that the reaction
vidoh tooophcerol inhibits ie a rupld one ovamring within

the first 15 min aftar injection at a timc when tocophurol

is higheat in the blood, lung anu kiuney. while conversion
possibly my ocour at any one or atl of theso aites, it is
suggested that the brealxiomn of carotene is most prodably
initiated in the blood, with the rupdu formantion of an
intcrmediate such as a carotenal, vhich is then morc slowdy
oconverted to vitamin A,
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Tho vitamin A potenqy of ingliash, Eurvpean and American
buttere has been investigated by a mmber of wakrre and
clearly defined seasonal variations in potengy have boen
shorm o ocour, Dooth, Kon, Dann & Moore (1933), in
Englond, shousd that fat produced from Shorthom oows during
tho vinter contained less onrutene and vitamin 4 than that
produced during the summer, later, Kon (1945) confiroed
thcee results using bullood milk callcctad frum aixtoan
dintricts throughout the country, :nd oconclwiods

"1 genarul seasonal trend is plainly viaible for

cach looality..s. In gencral sumncr milk in

this comtry has a potengy of 30 or 40 LiUs/ge

tutterfate In winter the wdue nay foll to

10 or 20 unitsg,”

Similarly, valucs recorded by Morgen & Pritchard (1957)
for mixed Buropoan butters showed a minimum in late winter
anxi o caxiam in lato Spring/early sumxr. In a mare recent
parer Lord (1945) has aonfirmxd these goncyul trenus and has
correlated vardations in the carotene and vitamin A contenls
of the milk fat with aimilar achangce in tho caxrotene and
vitaain A levels of the bloods

Seasonal vaxiations in the vitanin 4 potengy of Amorican
butter were firet reported by Baumenn & Steenbock (1933) ot
Wiscansin, who cbscrved wide differences between the carctens
ond vitanin A contents of milk fat produced under winter and
azycr conditions, These obscrvations have been confirmod
oore rvoently by the rosults of the nation=wide exrvay
publiahod by the Unitoed States Departmemt of Agriculture
(1945, 1947), vhich showed thats
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°In all but two states there was a cistinot diffurenoo
batewan the vitamin A potenay of outicr moduoced yndear
winter=feiing oanditions and thut pruduced under
aumer-fasding conditionse About 35 of all creencry
butter is "wintor” butter ami it hus an average vitamin A
potengqy of 10,500 or 11,200 I,U./1b....  About 655 of
all creamery butter is "summer” buttcr (praduced by cows
on posture) and it has an averege vitamdn . potenqy of
17,000 or 18,000 I, U./1b,"

Values showed a sharp rise following the transition from

stall-fuadine to pasturesfexding ocanditions, after which

thoy raminod almoat canstant until the autumn, when they

fell gwiuelly reaching; e minimmm in late wintcas,

lactationed gycle but this has sinoce been proved incorrect
(eege Gdllam, Heilbron, Ferguscn & iatson, 19363 Hibbs,
Kreuse & Monroe, 1949)e¢ The level of carutene in the

diet is now kmom to be the most importent factor influencing
these wariations, For exanple, Heilhron & Gidllem (1937),
in experinents with stall~fed cows on winter retions, cbserved
a repid increase in the ocarctene and vitamin . contents of
butter following supplementation with dried grass or ALV,
silage, these higher levels being successfully maintained
until all groups were again ploced on tix control diet, when
thay fell to their original levels, These observations
were oconfirmod also by the results of aimilor work at Beltaville®,
in which buttar of maximum potency was produced throughout the
winter by supplementing the normal concentrute ruation with

¢ Gee Misce Puble Usiie L¥6De Agric. Noe 656. 19472
Butter as a sourve of vitanin A in the diet of
tho people of the United States, ppe. 0=31.
Washingtons U,Se Gove I'rinting Office,



pood quelity alfalfa and earmn silages From these results

it oas ounalinded that wnder stall-feeiing conditions wariationa
in potenqy vere mimarily & function of the carotene contont
of tho oow's rationy, and that the declinc in activity of
normal winter milk fat was due to an absence from the diet

of foods rich in carotenes

This relationship under New “eaiand dairying conditions
is somevhat Qiffarent since cows are continucualy at pasture
and the camplicating effoots of stallefesiing are thus
aeldminated, Even during periods of relative pasture shortage,
crops such as green maize, chou mocllier, lucerne and gress
allege, ali of which exre rich in carotene, are normlly fed,
ider such ocanditicne the production of fat of unifurmly
hich potangy aight be expecteds That this was not the
capo was firet reportec Ly Bagnicoat (1947), who found marked
seasanal variatians in ttter represcntative of two lorth
Iolond dalrying districte (iaikato and Manawatu) during
the 1935~36 season. Both corotenc and vitamin A were
shown to be affected but wriations were in the opposite
direction fyar those reparted for owrumans butters, maximm
potancics (A2=53 1.u/p fut) being roamda: in late winter
and spring and miniman potencies (33=37 1.us/g fat) 4n late
SRINET. Subsequently, these trends wore confirmed Ly
Mabowell & McDowall (1953) in a more extensive investigation
covering other New Lealand dairxrying districts anxi oxteniing
over severnl seasons, and by Farrer, Balding, .arren & Miller
(1949) for a mmber of districts in ;ustrslian where dairydng
sonditions caxe oom wrable with thoso existing in lew Lealands

Severel aspects of the problem have already been investigateds
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The possible influence of the high vitamin /. potency of
coloatrunm on the potengy of llew Zealand foctory-made
batter has been discussed at some length by ‘avowall &
Mosowedl (1953) who conaluded thats
"ihon acumnt is taken of thc possibls proportion
of carly poate-parturition fat in the butterececee
it 15 obvious that the carvtanaid contents of New
Zoeulami butterfat in the early snring; months cammot
be due to the inciusion of jost=coloatral fut; the
values ahoula fall as the mumber of ncvdy calved
ooe to the total mmber of cows doarvascs during
July ami August, whereas, on tie cantrary, the valucs
continue tuv rise durin: /ugust, Murthermore, it is
clear.... (@) that the rises in carotenc and vitandn A
contents ocammnce in the late autumn amd cantinue
throggwout the winter period, ani that, thercfore,
the high veluca for July and August butterfato are
a cantinuntion of a tre.u alreaqy in pzogress befare
the gpring, 1.6, tho calving scasony and (b) that
in some yoars the hi h carotens valucs pcraist far
cuach a long period that they ocould not posaibly
be attributeu to the ;rescnue of post=colostral
fat in the butteroo.oo."

The production of butterfat in low ‘ealond is highly
seasoncl, the majority of cows being calved dovn in late
winter and cardy spring (July, August, Septamber), with the
result that the maximum production of fat is obteined in tho
late spring and early sumncr (liovember, December, January)e
It ic poeoaiblo, thercfure, that the sumer cecline in
potancy is a "luctational” effect apsocdatod with the high
production of butterfat over this pariod, LdGillivmmy
(1949, 1996) has shown, however, that totol vitamin A
sccrotion (1,8, totul potency x weight of fut pruducai)
fallowe the aome gancyal eeasanul tronu as totul potency.
Purther, darmdocat (1947) and McDowall (1956), uairn: springe
and autumnecalvers, found that there waes no rciationship
betwoen vitamin A potency and stage of lactation and

concluded that wadiations with season vere associateu mainly



with factors of nutritional origin (sec also lcGillivrny, 1957a).

Humerous cstimates have been made of the intake of carotene
required for the prouxstion of fat of mxiocm vitamin A potonewa.
Fassell, Ta;lor, Chiahester & itlson (1935), itkeson, ighes,
Hunerth, Peterson & Kramer (1957) and fraps, Copelanu, Treichler
& Kamer (1937) bave reocarded intakes runging fyom an equivalent
of 400 to 600 my of carctene por day. Simdlarly, «ilbur,
4lton & Heuge (1940) concluded that cows receiving approxinotely
L60 ng of carotene per day produced fat of mexdmmm potengy cone
talning 55 1,us/2 buttorfut, aend Hange, .estfoll, silbur &
Hilton (1944) obtalnea of the aame potency with a carotene
intale of 300 mg per uay, ualngy dshyursted alfalfa hay or
corotene in oil as the source of provitamine Wieemnn,
Sheppard & Cary (1949), on the other hanu, conclixad that an
intake in the viddnity of 2500 mg wes recuired to medntuin
mecdmun potencye Lirewise, 1libba, Kruuss & llomoe (1949)
found that after the initial rise folloving the change fron
stalle to pusture=-feeding, milk carotanoiu ocantent diu not
appear to follow aclosely changes in pasture carxotenold content
cxoept whon the pasture carotenoid level wus below 260 pe/g
dry matter (le.ce a totid curotene intake in the region of 2600
ng/any), and they aonoluded that thore vas a maximm rospanse
at this level.

Cnly limited informtion is avallable oaxarning the
carotene content of typical New Zealana dairy pasturcs but
from the work of shordana (1349), Cawley (1950) end McGillivray

* Tho torn "maximum vitamin A potoncy” refers to the
mdmn potengy obtainsble on a diet containing
arvtane es the only aource of vitamin 7,
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(19:2) 1t would appoar to be fairly uniform throaghout the
winter, sprin; ani early sumacr within the runse 450=650 pe/g
dry matter, There is no evidance of any gancrul fall in
oaroteno content of pasture fram September to Jamuary which
mght account for the dealdns in the carotene and vitamin /A
omtonts of the milk fat over this period, anxxi further, the
amowrt of carotene in the pastuze at any one time is cansldamhly
in excess of even thc highest lewvels repcrted necesoary for tho
production of fat of high vitadn A potenqy (e.ge Winamn ot al.
19493 Ilibbs gt ale 1949)¢ Lven under drogght conditions in
mldsumer (February-iiarch) when pesture aarvtenc lovels may
fall to around 200 mg/g dry matter due to drying up of the
pasturo (LicGiliivimy, 1952), curotene intake shouiu still bo
suf'ficient to support a relatively high fat potency. Thus it
would appoar that the uecline in the carotene and vitamin A
contants of milk fat ower the late gpring - carly eumncr pariod
cannot boc attributed to a lack of carvtene in the diet, but
mist be assumed to be due to a lowored availability of the
carotene in the pasture at this time (licDowell & Lobowmmll,
19533 Mobowell, 19563 UcCillivruy, 1956)

Sevaral factaxs have been ashovn to affoot the aveilability
of carotene, Frape (1946), for cxample, hus rejarted the
apparent digestibility of carotene to Le reduced by diets rich
in fibre,and Edclan & Pannevis (1938) and Graves (1942) have
dananstratod large variations in the availability of carotenc
fron different sources, -hile other factore arc alsc
undoubtedly involved it is well recognised that acequate
tooopherol plays an imoortant part in sperdng carotene wwd
protecting it a;ainst destruction in the pastro=intestinal



traoct and Yloodstrean (e.ge Hickman, Raley & !iaxris, 19445, b
Harris, Kaley & IHiclaen, 1944)e

soridng on the assumption that the low summer vitamdn A
putencios of ilew Zealand butterfats were eue to low tooopherol
rather than low oarotene levels in the pasture, MoGillivruy
(19:2) investigated the effect of a towopherol supplement
on the vitamin A potengy of butterfat from cows gruring
typical llew Zaalend gumper pastures, By auprlementin. one
noiber of each of three pairs of monogygotic twins with 1 g
of X=tocopherul per day he was able to ruaisc the potangy of
their fat from a typical micsummer mnioum (34 i.u./g buttorfat)
to a normml winter maximam (50 4.u./g butterfat) in a mtter
of’ 10 unyse This maximm level remained unafiectec when the
tocopherol supplement was increased to 3 g per day or when 300 og
of readily awailahle ceorotene in oil was fod in addition to the
3 g of tocopheroi, Tooophcrol sup lements Ukewise inareased
the tocopherol content of the mdlk fut arxl a aignifiocant
corrolation was established between vitomin 4 potenqy and
tooopherul content, Wwhen tocopharol owp.lamntation ocaped
the potenqy of tho milk fat fell to that of tho untreatod twin
within 6 days. Agmdnistration of 300 mg of ourvtenc in oil
for the following 6 days, in the absence of acditional tooophorol,
was without effect on the potengy of the milk fat, thus canfiiring
the asounption that the curotene intuke was alroayy adequates

From these results lioGillivrmy concluded that the low
potencies ropartea for iew cealand butteri'ats were probably
due to inadequate ¢oappherwl or other anti-oxidant in ewamer
poasture and were presurably sagsoalateu with the urying up of

the pasture or with changes in its botunical composition, He
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further suggested that clover might be a factor complicating
the problem since its emergence as the uominant species of
narmal sumor pasture ocoincided with the production of fat
of minimw vitamin A potengy. Work by i.ecxs, Goodall &
Newboldd (1942, 1948) at the Grasslanis Division, ialmoreton
Noxrth, for example, with clover and ryegrass associations,
has shoun thot the perventage of clover in the sward increases
from 10=150 in the winter to 50: ar higher in the suumer,
Furthegsmore, it has been establiaheu that olowver ocontuins
oonsidorably less tooopherol than ryegress esampled at the
same timc and that the Waopharul content of mixed pasture
(praiominantly elover and ryegrass) dearemaes throughout the
spring to reach a minimun in late sumer (MoGillivruy, 1952).

Recently, with a view to examining this relationship
further, a series of experimnts was undertaken by worker
& UaGillivry (1957). in an endeavour to estublish a
correlation between clover intake ani milk fat vitamin A
potengy.  In preliminary experimeats in which the effect
of day=to=day wariations in the botaniocal composition of
pasture on the vitamin /i potengy of bullted hexd milk fat was
studied, it was unfortunately not posaible to establish any
relationship between alover intulxe and fat potency, due most
Ixobably to the rapidity with wilch the level of' clovor
intake veried under the system of rotational graszing prectised,

¢ The results reparted in this publication forwmed
a scotion of a theais submittou by the author
in 1955 in partial fulf{lment of the requirements
for tho dagree of M.Agreice of the University of
New Zealands
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the cffect of onc level being completely masked by the effect
of o widely differing level durdng tho follovdng greedng period,
In later expcriments, howcver, in which the offoct of focding
acparataly white clover (Ixifolium repens, leie pedigreo etrein),
red alover (T, pratense), and ryogruas (Lolius perenne) on the
carotone and vitamin A contents of milk faet fram individunl oxx7o
was studied, intcyesting results were obtaineds, In one study
oarried out during the late sumar of 1953 o amparison of the
offocts of whito clover varsuws ryegruse foeding was oarried out
using thrce palre of monogygotic twins, Fallordng a 4=day
protreatinent period to cstablish the magnitwie of within=trdn
veriation, diring which time the six animls were grezing a
mizpd pasture cantedning opjraxdmtely 3G alover, one animl
of ocach pair was placed on a hi; h clover pasture containin:
appraxmtely 70> clover and the other on a lowv clover pastuxe
containing less than 18. alover, ifter 5 days the animls
on the hirh clover pasture were brogght in and for a further
7 days uoro stall fed, ad 1ib, clover cut from a pure stand
vhille tho others remained on low clover pasture, Tho pasture
clover, lilm that usad for stall foedin;, was almost entirely
wvhite clover with a qyanide content of approsdmataly 0e03: on
a dry matter basis (Doak, 1935), and vms at a lash and repidly
goding stage. The milk fat of the clover fed twins shomwed
an avernge decrease in vitamn A potancy of 8 1.u,/g over the
£irst 24 h vhile their twin mates on the low clover pasture
showed a correspandin;; inaroasc of 4 i.us/g, these differences
beln: duc more %0 variations in the vitamin A content of the
fat than to changes in the caxvtenc cantent, Variations
in icdino waluc also occmgxTed and thesc vere shown to be
clogaly related to changes in total vitamin A potengy, Tho
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averege iodine value prior to treatment was 36,8, decreasing
to a mean walue of 3544 in the clover fod growp and increasing
to a moan value of 372 in the ryefed group within 24 h, amd
rominin; therwafter relatively constant, Other milk fat
cxrpanents, investigated for only anc act of twins, showed the
following, avarege levels for pretreatment, high alovery and low
clover periodss toaopherol, 52, Wy 50 /g3 olalo acid Sk, 30,
355 vitamin A alcohol, 0e15, 0e19, Ge17 pe/ze  In a further
study cuzrdicc out durdng the summer of 1955 a similor comparison
of the effects of red clover versus ryegmss feeding was carried
out u=in; two jairs of identical twins, In nariec contrast,
howover, to the results obtained with white olover the feeding
of red olover had no effcots on the lovels of carotene and
vitamin /i in the sdlk fat nor had it any effect on other fat
camponents,  Similarly also, blood levels were unaffected by
treatment and remained relatively constant throughout,

At the present time the mechanism by which diets hich in
wite clover dopress carotenc utiliazation from pastare esd
vitamin and provitamin secretion from the mammazy gland, and
the significance of theee findings in relntion to the summer
dcaldne in the vitamin A potenqy of iew Zealani butterfat,
are not knowne There would, however, appecr to be four
possibilities vworthy of oconaideratione In the {irst place,
McGillivray (1952) has ahown‘thot the toeopheral content of
clover is lower than that of grass samplefl at the sane time
and that the level of tocopherol in pasture declines throughout
the siring to reach a mnimm in sum~er, Theee obserwations,
togother with the fagt that ho was able to ruilse the potengy
of sumrer milk fat by twoophervl supplementation would eugrest
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that a lower level of tooopherol (or other antisoxidant) in

the pasture was at lecst partly responsible for the summar
decldno in potenqye

In the scooxl place, it wes noteworthy thet the white
alover used in the investigations of Vorker & MoGillivimy
(1957) wes a high cyanide strein, It was thought probmhlo,
thexefore, that qyanide, which is liberated fram whitoc alover
by anzymic and miorebinl hydroiyais in tho rumen, might be
a fuxther factor oantributing to the probloms Fallowing
its absorption into the bloodstrean, it may posaibly have
some direct physiologicel effeet or it may act indirectly
aftor detoxication to thloqyanate, Therc are several

8 pdori orounds on which to base the latter assumption,
First, a very large propartion of the white alovers present
in high producing lew Zealend dalry pastures are imyroved,
high qyanide etruinsy  moreover, it has been ohown that

the pervantage of clover in typical pasturos in this

coumnicy follows a regular scasonal trend with maximan

lovels being mresent in the summer (Sears gt ales 1942, 1948)e
Seoandly, Ceop & Alakely (1949e, b) have shosvm the roleasc,
tho absorption and the detaxication of qranide to thiogyanate
in the liver to be a comparatively efficient process in the
sheep, ™irdly, Barker (1936), Reben (1949) and Bourne

& Kidder (1953) havo shown thioqyanate to possess goitrogenic
properties; and fourthly, Cama & Goodwin (1949) and Chanda,
Clapham, Molaught & Omen (1952) hawe demonstrated a repld
docreasc in the absagption of cazvtene in the rabbit, goat
and oox fallowin: experimental induction of hypothyroidism
with thiouwreail, (n those gyramds it 1s poseible, thcrofore,



- 16l »

that the dearensad availability of owrotenc iron sumer pasturcs
in liow Leoland and the low levels oi' carotene and vitamin /. 4n the
buttorfat at this time arc associateu with vnd aye purtdy due to
2 lomaed thyroid function resultin: fyom higher than narml
levals of bloed thiocyanate,

In the third place, since coyotenc is a fatesoluble pigment
it is rcasonable to assume that its availability from pasture
will depend to a certain extent on thec amount and on tho nature
of the fat present in the pasture. Indeed, there is a considereble
body of indirect evidence in the litoratuwre to support this
hypothcals (ce.ge Lrummond, 19383 Dyer, Koy & Cowerd, 19343
Smith & Spoctar, 19403 Krulovaiy, 1942). For oxample,
Reusovaly (1942) has jresented evidence to show that the
sclubility of carotenc in = fat is to a large degree dopendent
on its degree of unsaturation and from this concluded that "the
ciTiciengy of abscorption of carotenc frouc a foed might be
influcnced by the degree of unsaturation of the fat present
in the feod", Thus a low prupartion of unsatwatou acids in
the foed vould result not only in a low dodinc wvaluo dut also
in a lecss efficient ebsarption of carotenc from the food and
in o lov curotens and vitamin & content of tho mdlk fat.
Unfortunately, the nature of the fat present in liew Zoaland
postures has not been extenaively investigatedy, and there is
as yet no confirmation of any seasonal change in its degree of
unsaturation.  (ihorland (1944), however, has shovm New Zealand
pastures, Mip those overmns (eeg. ililditch, 1956), to be
WMW&M@WMC16WC1GWMM
acids of which one of the commonost is cloic, At the samp
tioo 1t has been demonstruted by Hansen & Shorland (1952) and
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McDoweld (1953), woridng independently with liew Zealand butterfats,
that oleic acid, which 18 darived dirootly from the diet and is

Xnown not to be gynthesized to any eppreaiahle extent within the
marmnry cland (eege Popjak, 1952), vardies in the fat throughout the
sensan, reaching minimm levels in Noverber and Januarye If then,
as vould appear likely, this trend refleots similar changes in either
the level or availability of oleic acid in the pasture and if, as has
been suggested by Krukovsky (1942), carotenc is associatod with oleic
and othor unsaturated acids during absorption, the low awailability
of carctene from summer pestures may be cxplained in part Ly a docrems®
in the ocontent of oleic acid (or other wnsaturated acids) An the pesture
mmgmumwmwummmwwmﬁ
this time or from changeg 4n ite botanical composition, Verdatioms in
the degree of hydrogenation of the acide in the rumon prior to digestion
my also possibly be a furthor factor contributing to the problem (eege
Shorlami, Weenink & Johns, 1955) Seasonal variations in tho amounte
and nature of the fats present in New Zealand pastures arc at preeent
being studied at the Flant ChemisWry Laboratory of the Department of
Scientiffic and Industrial Rosearch, Pulmerston lNerth, and when the
results of these investipations come to hand it is to be hoped that
additional light will be shed on this particuler aspect of the problem,

Finally, although in the ex eriments of Worker & McCillivrey (1957)

4t was shown that white clover may have a marked effeot on the

vitamin 5 potengy and on other components of the milk fat, the

Durther possibility must be canaidered that the sumer dscline

in potency may not be due to the effoct of clover per se but may

bo caused by the accumilation of some specific substance (or

group of substances) aseociated with the stago of dovelopmemt

of the pasturv as a vholo at & time vhen alover heppens to be

the dominant epecies present, This is strongly sugiested by



the fact that in the twinecow experimente of lorker & McGillivray
(1957), even though the twins an low clover pesture were cFuuing
pasture amtaining approximtely the seame amount of clovor as
average winter pastures, the vitamin A potenqy of their fat

was considerably lower (eapproximately 37 1.ue/g) than that of
viater fat, axl remained so throughout the experimental period,
This would seem to indicate that some factor in sumper gress

as well as in clovar was interforing with the utilieation of
cexotene, The finding that clover has o relatively groater
effcoct on fat potenqy than gress might be maroly due to the
fact that it ocontainp & eamwhat greater canocntrution of the
factar than gress,

With a view to investigating these possibilities in greater
dstail and obtaining f\xrther genarel information on certain
othar aspects of the problem of curotene utilization fram
pasture, it was deaided in this department in August 1955 to
extend the earlier studies on carotenoid metaboldsm in the cow
and to undertake further studies also in the rat, The details
of these experiments and the results obtained are desaribed in
the following three chapters which canprise Section II of this
theais,

In Chaptar X the results of a seasonal survey are desaribed
in vhich various plasma and milk fat constituents were fullowexi
at fartnightly interwils in six pairs of monogygotic twdn cows
for the mjar paxrt of one lactationy at thc same time variocus
pasture canstituents were foliowed at sirdlar interwals in an
attamt to relate any changes oaaoting in the pasture with
thooe ocaotin: in the plamm or milk fat, In Chapter XI
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two experiments with monozygotic twins are described on the
effect of reduced carotene intake on the vitamin A potency
of thec milk fat, while in Chapter XII the results of a series
of experiments in rats on the effect of various matritional
factors on the utilization of carotene are discusseds In

Chapter XIII a short summary of the section as a whole is

presented,
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Blood samplins, Hlood samples were colloctud in 50 mie
amnlatad contrifuge tubce {y mamns of a 15 G Rypodarulo
noedle inserted into the jumlar vein, Immediately

after collection the samples were centrifuged at approdmately
2000 repems for 30 min,

Lxtrection of plasme,  After centrifugation, 20 mle of
plasme were drewn off into a syringe and tranaferred to a
150 mle separating fumncl, 20 ml, of ethanol were added
to denature the plasma and the mixture vas extracted with
50 mle of petroleum ether by ehaking in a mechaniocal ashaker
for 5 min, The bottom layer was run off and re-extracted
with a further 50 ml, of petroleum ether, The extracts
were ambinod, centrifuged, evaparated on a hotplate at 70°
and then takon up in 2=3 ml. of potyoleun ethor for
cwumtocxraphy.

Shromatoirephic separations  In order to mko 1t posaible
to measure all the substances under consideretion in the one

plaae oxtruct, a slight modif'ication of the original
chrumtographic jroaaiuge of Thampson et al, (1949) and
fon gt ale (195) wes cvolved,  /n exnination of tho
behaviour of free tooopheml‘ (prepurei by @aponification of

® The form of toogphurol in all natural scurcos
(Tosdc & Moore, 194-).
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(% ~towpheryl acctate ) on alunina during the normal
soparetion of vitamin A alochal and cater (8sce pe15)
ghowed that, after dowelopoent of the ocolum, most of
tho tocopherol had passed into the @ ethanol frection
and only a very small proportion (epproximotely 10:) was
preoent in the 2 aovtone fraction, By reduding tho
strength of the acetane eluent to ¥ (v/v) in prtralem
cthor, hovevar, it was found possible to reoover all of
the tocophicrol in tho §F ethanal fraction and at the
same time etill effect a satisfactory ocparntion of
vitamdn A elcohol and cster, An outline of the modificd
procodure is as follows,

Seoagento.

Alumines Aluminium oxide for chromtogrephy,
Jrocimann grede III,

Solvents Petrolam ether, balling runce 6o-80°
(fritish Drug Houses Ltde, oclc)e

Hluentes 1. 45 acetone (v/AVv) 4n petroleun ether,
2¢ &% othanal (v/v) in powsalem cthar.

The colums werc propared ags described nproviounly on
Pe15. The extruct in petroloum ether wes poured ento the
colum vhich adsorbed zanthophyll, vitamin A alochol and
toocophenol and allowed carotane amd vitamin 2 ester to pass
throughe Tho column was then doveloped vith 10 mle of 15
eoatone (eluent 1) which cuantitatively rowoved carotene
arxl vitmidn A ester, On further devwelopam? with 0=25 ml,
of 4. cthanol (aluont 2), manthophyll, vitamin 4 alochol and
tocophicrol were roavverad,

o Supplied by Le ldght & Co, Ltde, Payle.
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After chrom=

atogrephy the 15 acetanse frection was made to volumo and the
carotene present estimated spectrophotonetrically as desaribed
0 Do 164 The solution was then ewnporated to drynces on a
hotplate at 70°, seponified, re=chromtographod, and the
vitamin A ester originally precent ostimated as vitamin A
aloohol (see pe16)e

After chramtography the 8, ethanal frection was made to

valuxe ard the zanthophyll was sstimatod spectrophotametrianlly
as dcecridbed previcomly (p.82)s  Tho salution was then
dividod into two equal parts, One half was evaporated at
720° cn a hotplate, the reaidue taken wp in chlaraftm, and

tho vitamin A aloohol present wes estimated colarimmtrionlly
using entdmony trichlaride (see pe16), allowance dbeins mode

for the presence of aanthophyll as described on p.83, The
other half vas also evaporated and the reaidue was taken wp

in cthanol, The tooophercl present vms thon estimated
colorimetricelly by the method of Emmerie ¢ Lngel (1938)
involving tho roduction of ferric ion to furrous lon, which
with X, X =dipyridyl forms a red colouod corplax exhibiting
maximm absarption at 520 mu, The intcnaity of the red
oolour was determinou 15 sec after mixing uaing a lldlger
"Biochon" Absorptiometer (model H 840) which had been
stanicrdized agadnst free tocopharol obteined ly saponification
of pure Xetooophoryl acetato. A corroction for the amall
amount of xthophyll in the sample wws fourxi :c0e88aTYe

“ The method of saponification is described on pe 170,
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The correction applied (determinod by experiment) was
ccuivalent to 1.7 pg tocopherol/ 1.0 pg xenthophyll
rmaent*. Ne correction was found nocessary for the
presence of vitamin A alcohol in the sample,

The leval of thiogyanate in the blood plasaa was
ostimatod aplorimptrically by the standard method described
bymetﬁl‘(19ﬂ))o

Proporation of samples for analysis, After collection
mille samples were stared at 5° for 12 h,  The milk layer
was dravmn off and the crean was chwrned in a daring Blendor

running at a low speed, The butter was melted and
filtered at 60° and tho buttarfat obtaina: was then
stored at 5°%,

2 g of melted butterfat were dissolved in wbout 5 ml, of

petroleun ether and the mixture was chromatographed on

@ Under normal circumstances the level of xanthophyll
present in the finnl sample was usually sbout 48 pg
whille the lcwvel of tocopherol present wap in the
region of 80=120 i, 80 that tho actual correction
for zanthophyll was always mmall in oampoarieon with
the total level of tocopheroul present, A almilar
gituntion obtained also in the case of butterfat
(sec follovdng pogc).
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alundna as desaribed on 615, Carotenc, vitamin /i alcohol
anu ester wore eseayed as described on pe16 anu xanthophylls

ap described on peide

Chromatogroshic separation and estinution of' tocopherol.
Lppradmately 2 g of melted butterfat were saponificd for

5 min at 70° with 1 ol of 60 KO and 5 mle of ethanol,
the latter containing §. (w/v) of pyrogpllol to prevent
dostruction of the tooopherol (Toalc & Moore, 1945). The
mlxturc vos extractai with diethyl ether, vmahed with water
ani diied over anhydrous sodimm sulphate. The ether
extract was thon evaparated to dryness ana the residue
taken up in 2=3 mle of petrol ether axu chromtogrephod on
eludna as described on pe167. The tooophcrel present
vaie catimated colorimetrically using the : mmeric-ingel
recaction as outlined on p.168, the amull amount of
zanthophyld ;resoent bein. ocorrecteu for as uescribod on

13‘01690
Carotlone, mﬂm and_chioroohyile

. scarch of the relewuat literature iniicated that
vhile a number of exxxllent methods have been published
for the estimution of carotene, zanthophyll and chlorophyldl
in pasture, nanc was entirely satiafuotory t'ar the present
Parposcte Many, for examplo, were not suitable far
routine work involving lerpe numbers of samplcs. Some
involveu saponif'ication, a tedious and time=consuming step

viidch it wes wished %o avoid if possible, am others required
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the use of adsorbents which were lknovm to allow only
extrenely slow paseage af solvents, Adso speed and
aixiiicity had eamtimes been sacrificeuc to obtain an
absolutc analyticel preocision which f'or oo arntive

pusyosSes is seldom required, To owercome these difficulties
a clwomatogruzhic techinique wae devolopea on clumina winich
ellows a rapid and quantitative separation of the pigmemts

an onc coligm of adsorbent, The nethou is simple,

repid and accurate and is thus ideally suited for the

routine essay of lorge numbers of samplcse

Heagento.

/udnag Alumindum oxide for chrome »
(May & Baker, Ltd., vagenham),
Urockmenn groade Ili,

Solvents: Petruleun ether, boilin: runge 60-600,
(irditish Orug lousce Ltde, Poale).

3@0“6’ AeRe »
(sritish urug fdouses Ltde, Poolc).

tlnentss 1. 94,. acetene (V/A) in setroleum ether,
2. 1, ethanal (v/v) in petrolcum cther,
3¢ 8. cthanol (v/v) in petroleua cther,

Lxtraction procedure. 1 g of dried grass grouns to puss
thxoush o Ceb mn clrcaler :cesh sieve anu thorougiily moistenod
with water prior to extruction, or 5 g of fresh gruss, are
ocanvenient quuntities to use, The somple is extracted
unicy nitrogen in a .aring Blendor with 60 mle. of acetanc in
the ocold for Y mdn. The mdxture is filtercd through a
Duchner funnel and the residue re-extracted under nitrogen
for 5 min with an aucdtionul 60 ml. of aoctoncs The
mixture is filtcred as befure and the reoidue washed with

25H nmle of acotone, The filterod cxtracts are then
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cunhinad and rexde up to 150 ml. An aliquot of 3 ml. is
cwporated to dryness anu taken wp in 2=) mle of petrolcum

cther far duountography.

{zopeyution ano use of oolumn, The oolum is prcparad
ezactly as desaribed previously for the separution of

vitamis 4 aloohol and ester (sse pe1b)e  The solution

of pigrents in petrvlieum 1o poured onto thic calumn which
acsotds the ahlorophyll and santhophyll in 2 narrow Lami at
the top axd allows the carotene to mowe tharoughe (Uwerloading
the column will cause undue destruction of all pi;ments),

The chromatogran is then developed with 10 mle of 1. acetone
(cluent 1} which quuntitatively removes the carotenc fraction,
Purther develoiagent with 25 ml, of 1, ethunol (cluent 2)
removes chlorophyil with less than 3. loss, aanthophylls
are quantitatively recovered with 25 ml, of 4. ethanol
(cluent 5)e The sclutions are made to volume and are

then ready for s, cctrophotometrye urdin ; the separmtion
the ftops of the colums must not be allowed to become dry

but must be topped up Just as the last of the previous

batoh of elusnt is ebout to percolate through. In sddition
the secnorul precautions outlined :revicusly by vavidson (1954.)
@l also be observed,

E tion of p t. Carotene anc xanthophyll vere
estimitec spectrophotamotrically in a lieconan, model DU,
photocleetric apeotrophotancter as desaribed earlier (see 1e82)e
Be.ausc of the difficulty of choosiiy, a suitable wave length
at vhich to mcasure total chlorophyli, duc to wriation in A —
with variations in the rutio of chlurophyll-a to chlarophyll-b,

the latter were estimated sejarately an. sumed, ibsorption



curves for the pure isomers were propared {rom pure sclutions
obtuinou by chramatosruphy on sucrosc (winterstein & itoin,
1934) of the mixad chlarophyll fruction obtained by dhroo=
atogra hy on aluminae The maxdma in the cwrves ococurred
at GG m anu 645 mp for chiarophyli=a ami =b respectively,
but cach had appreciable abesorption at the -/\ ey of' the
other. Corrections (fournd by anaamxemnent) were therefore
applici to the optical densities of 1=am laycrs of solutions
(.1)a aml iy, respectively) ty deducting Us 20050} in the case
of chlorophyll=g and 0.20280, in tho case of chlarophyll=-b.
That these carrections werce waliu was shovn oy tests on
o mixtures of solutions of the tvwo chlorophylls, when
tho differcuace betwwon the avsorption fowi anu that cale=
culnted was not more than 1 ., The . wulues at the :\mx.
usad in the calaulations were 1020 for chlcrophyll-a and

568 fur cilarophyli=b (computed from thc rcoults of Lcheile

Hecovery cxperimentss The results of recovery experinents
in vhiuh lowwn amounts of the different pigcents were

blendsd with acetone, trunsferred to potruloun etier,
chromtographed on algmdna ani re=cstimatad are shown
in Yable 0, From these results it is apparent that
ovor the range of consentrations wawmily cncountoreu in
tho mothod, rocoveries were well within the 1imits of
normeld ex crimental error,
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Lgble JO,

Recovery of pigments after blending with ecetonc and
chramtogrushing an almina,

Carotene | Janthophyll | Total chlorophyll
(pg) (pe) C
Added 560 | 10,0 56,0
Rocovered 4o | 98 49.0
;o Reaovered 96,0 98.0 98,0
,xaded 1040 2040 100.0
Recovered 1060 19.8 974
,o Recovered 100,0 | 9940 9els
Added 1500 30,0 15040
Hooovared 1460 2946 145.5
,» Recovarad 99.0 98e7 97.0
Added 2040 4040 200,0
Recovered 19.7 5945 193.8
,» Rocoverod 9845 9605 96e9
Added 50,0 100,0 50060
Recoverad 4846 9649 L6840
.+ Recovered 97.2 9649 9346

* Apgoxdmate anounts of plgmonts prosent on column

during the couree of & narmel separation,
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Zocgphoral.

The most satisfactory method of estimating tooopherol
1s by the merie=inzel reaction, a ocolorimetric proamaare
involvin; the reduction of ferric chlaride by tooopherol
(sce pe163), There is the general difficulty, however,
when determining tooopherol in naturel produots of overw
camin: the effiects of other substanoces (e.ge chiorophyll,
carotenoids, unsaturated fatty acids, etc.) which interfere
with the reaction, uaife & Harris (1944) ani Cuaife
(1947), for estimting tocopharal in milk fat and blood
plasmi, have recomeriad hyurogenation but in the author's
apericnce this 1s a time=consuming stepn, especially where
largo somple mubers ave involved, nall & Kelley (1940),
for plant tissue, favour chramtography on mognesia to
acperutc chlorophyll and xanthophylls followed by treatment
with 85, (v/v) oulphuwric acid to destroy ocarotene but in
thie loboratory it was not found possible to obtain a sate
iafactary rcoovery of toacopheral after the latter treatment,
Attempto to apply e correcticn for the ocarotenc present were
also unsuccessful duc to the high ooncentration present,
Looordingly, for the present purposes, this otep has becn
modified and the caroteno and toogphorcl separetod chrame-
togrephiaally on elumina as deacribau on pe167. A brief
cutline of the comulete proomiume is as followse

Beagentse  As in the previous section (p. 171), with
the addition of msgnesium omlde (HopRins ¢ «4ll4ams Ltde,
4ydney; heavy grade, nos 536).

Ol O »®

Aluminags  As described previoualy (see pe15).
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Hagnesian: The nogneaing, without any (rior treatment .,
1o suspended in 1» ethanol (eluent 2) and poured tc form a
calumin after settling of 8«9 ame The column is then ready
for immodinte use,

30 mi, of acetune extract uare evpporuted on & hotplate
and the recsidue talen up in 2=3 mi, of 1,0 ethanol (cluent 2),
The salution is pouredd onto tho magnesla column which adaorbvs
adlorophyll and xanthophylls in & band at the top and allows
carotene and tooopherol to pass through, The latter ere
quantitatively recovered in the elunte after ueveloyment with
4O ml. of eluent 2 (a alight wcuun applied at the foot of the
colum is helpful in 890@;3 development ), The eluate is
evoporuted and taken up in 2-3 mi, of petroleun ether and
re=chromatographed on alumina to seperate the carotene and
tocopherol as described on pe167. Tooopherol 1s recovercd
qantitetively in the 8+ ethanol fructicn. The solution is
than evaporuted and talen wp in ethanol for estimation
(poc 1£4168)e

Hegovery experiments. A series of recovery experiments
wao ourried out in which aemsured amounts of tocopherol were

added to pasture samples of knovn tocophervl content, blended
with acetonc, separated chrumatographically and ro—estimatod,
The results are awown in Table 31, fyom wilch it can be scen

that, within the limits of narmal exjorimental error,

recoveries were satiefactory,
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m.
4

ilocovery of toampherul aiter adding to (ried gress, blemiing
with vcetone and chromitographing on magnesia and alumine,

H

Speales ' Tocopherol E'I‘ooo;ﬂmmlimﬁad tocopheral )
~oontent of  added | rocovered recovery
pasture sanple |
(/g DoMe)  (m8) (pg)
220 S0 97 97
Ryogreas 220 I 300 ' 06 102
20 100 | 9ao 98
. S *
370 100 96 96
Ryegmes | 370 0 | 286 95
3 1000 | 958 9%
F———— | ¥ R . ; .
520 00 | 1 1]
Ryegrass/
vhite clover 320 300 310 103
mixture
320 1000 9y, 98
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dntroduction

soapanal survgys of the vitamin A potency of llew Zealand
uttcrfat have boen publishod by a maber of workorse
Barndooat (1947), for axamplo followed the contonts of
cogotane «ndi vitumin /. 4in factory samples from the dedkato
and Menavmtu districts over the 1935=36 scason and showed the
lovals to be highest in late winter and soring end lowost in
latc eumer, Simdlsy results were obtained also by leboweldl
& Mobowall (1953) in a comprehensive survey of factory butters
fyon a nurber of lerth Island dedrying districts over the 1946=8
consano, MeGillivrey (1956) likewise, over the 1952-53 scascn,
ocanfirmed thoee findingo with butters fram the Manawmnta diotriot,
and in addition found tho lowels of zanthophyll and tocopherol
in the fat ahowed a similar scasonal trend, lore recently,
MeGillivioy (1957a) followed the levels of carotene, xanthophyll,
vitamin A alochol and ester in the blood plasme and milk fat
of six oowve ttxoychout lactation and from the results concluxad
thats

"Tho acnaonal trend in the vitamin A ani aurutanald

content of lNew Zealand milk fat is a refloction of

tho changing level of these subgtances in the hlood

plasmne.seThe docreased lovel of curoteno, zanthaphyll

and vitamn A estor in the blood plasma over the

sumner months 1s consistent with a decreased absorption

or utilization of carotenoids (fyum the asture) over
this periods”

with a view to confirming thesc results and investigoting
the relationship between blood plasme and mill fat levels of
ecarvtencids end vitamin A in greater deteil, it wes doclded
to ropcet this woric with a larpger numbor of animels,
Rgtharmare, tooopherul lovals in blood plaama and mill: fot
vore inwestigated and thiogyanato lovels in the plasm were



elso followeds In addition, a acesanal survey of the
carotems, zanthophyll, chlarophyll and tocopherol levels in
pasture was underteken in an attempt to follow the variations
in theso substances throughout the scason and to determine
any possible effects these variations mdght have on the
different plesma end milk fat constituents,

Zzpordmentod

Genereld, The matorials and methods were as described
carlicr with the following additions:

Cows, Six pairs of identical twin cows, mredamimntly
Jorsey, from the herd of The Dairy Rosearch Institute (17, Z.)
were used, The cows were greds animals of varying agess
They were fed out-of=doors on pasture as normal for the
Institute hexd, The mating of the animals had been arrengad
oo that imdividual animels within each pair celved, on the
awe,m?mkewm.

Bloode Individual blood samples were taken at
fortni;htly intarvals and assayed esparutely immedistely
after collections

dilk, Individunl milk semples woro obtained at
fartnightly interals, each sample beiny a comsoaito of

the aorning and ovening millka, Fat samples prepared STom
the milles vere stared at 5°andanuwadas aoon as possible

after collection,

¢ This had been arranged imdcpeniently by The Dairy
Roscarch Institute for purposces quite divoroed
from the presont stuiy,



Pagtyres Pasture was sampled, on an avarange, at
aprroximately J=wecldy intervalse The samples were talken
froo a plot (locatod at tho Greusalanis Jivision, Palmeretan
lorth) containing a clowver/ryegrass essociation reasonsbly
typical of an average New Zealand dairy pesture, Samples
were taken when the pasture was approximately 4" in height,
the gress being clipped back to within an inch or so of the
ground vith hand shears, After ocuttin: the samples were
froeze arded and thon ground in a C & i junlor laborutary
mill to pass thiouch a 0.5 mn mesh sieve,

Sesults

The lewels found for various milk

it constituents are shown in Fige Je Averege values only
are rocordeu, but sll samples were assayed scparately and all
animls showed similar trens, From the results obtained
it 1o agpurent that fram early spring (October) through to
nld sumner (iebruary) thore wvms a steady foll in the level
of carotenc, xmurthoyhyll ami tomphcrol in the mdlk fat of
both cariy= and late=calving cows, The levels of vitamin
cleohol and estor in the milk fat of the two groups on the
othcr hand enowed littlo seamanul change over this jeriod,
the variations cbserved being moinly of en irregular nature e
Ap might be oxpectad, the total vitamin /i potengy of tho milk
fat, dae to the dectwaaing lovel of cegotene jxesent, declined
steadily throughout the duretion of the expariment in both

® Changes in vitamin i alachal were ac small that
they were regarded as bedng of no signitilcanoce
(oe0, for cxample, MoGillivruy, 1957a)s The levels
shovm in the figuro are averege lewvels for the
sorly= and latomculving cowse )
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groups of animels,

Hlood plague oonstituonts,  Average valuce for the verious
ploam constituents followed are shown in Fige 4e From

a oongideration of these results it is clear that throughmst
the experiment there was e steady full in the levels of
cayvtene, xanthophyll, vitamin A alcohol end tocopherols
There was also a similay decrease in vitemin .. ester, The
lowels of thiogyanate found in the plasm: are not shown in
the figure, Contrary to expectation, the lewels for all
cows remained remariably constant through the exeriment
at 2,0 + 0.2 mg/10C mle plosme,

Pagture constituents. Valnes famnd for ccautane,
xanthophyll, chlorophyli ani toocopherol in the jesture
aver a S-oaith period extaxiing from August through to
May aye shown in Fige 5e The welues showed little
regular verdation throughout the yeer and no seasonal
trend in any of the constituents was apparent. The
average lovel of cuyotenc present in the pasture over
tho whole period was 500 n/g &y matter with individual
assays varying fram 430 to 790 w/ge xanthophyll
varied {rom 1170 to 1560 u:/g dry matter with a wean value
of 130U jx/p vhile total chlarophyll wuried from Gel
ny/g to 11.7 mg/g dry oetter with a coon walue of 8e7
/. Values for tocopherol varie: fram 270 to

470 i/ with & mean of 350 /g dry matters

®  n an alrwdried basie,
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Zgme J»

Changes in the lcvels of wvarious constituents
in the milk fat of early= and late=aalving,
pasture=~fed cows fxum carly spring to late

BIIOT

Soldd lines: early-calving cows,
Urokten lines: latewcalving cows,
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Ilgwe L

Changes in the levels of various constituents
in the btlood plasma of earldy= and late=calving,
pasture=fod cows fyam carly spring to late summer.

Solid linecs: ecarly-calving cows,
Sroleen linos: late=culving oows.
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Changes in the lcwels of warious
pasture constituents throughost

the acasan,
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Ziscusslon

The main aim of the present ex eriments was to investigate
4in more detail relaticnships between variocus constituente in
the mlk fat ana blocd plasma of cows, and in pasture, in an
attempt to obtain furthar information on the nature of the
summar dealine in the vitamin A potengy of lew Zealand butterfat,
The results presented in Fig, j indicate a steady decrease in
tho lowels of carotens, xanthophyll and toamphorol, and in the
total vitamin 4 potency of the milk fut from early October
through to late Junaxy/ear).y Pebrucxy in both early- and late-
calving oows, thus confirming the cbearvetions rcported
proviously by other waricors (€ege Barniocoat, 19473 licbowell
& lovoweldl, 19533 MobDowell, 19563 leGillivray, 1956)e
Vitaddn A aloahol and ester, on the other hand, did not appear
to bo appreaiably affected, tho variations obscrved bdeing,
for the most part, irregular (afs also Halowall, 1956)e

Fron a comparison of the results presented in Fige 5
vdth those in Fig, 4 it is alear that in general the gredual
decline in the levels of the various milk fat constituents
rogults primarily from a doareass in the levol of these
canstituents in the blood plasma (of. elso loGillivwy, 1957a).
In the case of carotene, xanthophyll and tocopherol it would
appear that this relationship 18 a fairly direct onc but in
tho cose of vitanmin 4 the picture is sacevhat different amxi
is complicuted by the fact that, vhilo the froe and esterifiod
forme of vitamin A are present in both milk fat and blood
plasm, 4n the formar the esteriried foam praiaminates, vhile

in the latter the rewverse is normlly truc, If, as vould
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appaar to be the case, plasma vitamin 4 ester is the main
souroe of milk fat vitamin A (soce McGillivray, 1957b), it

1s exprising that milk fat vitamin i levels should have
reminal almost canstant throughout the survey despite the
woll dafincd fall in plamme vitamin . ester lovels. It is
poosible that the aniznl is able to mnintain the lovel of
vitamin A in its mllk fet, at the expanse of liver etares,
by way of plasma vitamin A aloahol and tie dealinc in plasma
vitanin A aloohol lewels apparent in the sirvey would appear
to boar this out, Aurther there is a conaldearuhle body
of ovidenoe publishod demonstrating that in times of nced the
animl may make aonaidarable demands on liver stores for this
purpose (see Chanda & Owan, 19525 Chanda, Claphan & Owen,
1954, 1955). Against this, howower, HaGillivamy (1357b)
has aghiotn the extent to which cows can utilize plasma
vitamn A eloohol to maintain milk fat levols is fairly
limited and has suggested a level of utilization ecquiwalent
to abait 2 pg/g fat, He conaliare that utilization of
plaom vitamin . aloohol 1s, within normal limits, iruspendent
of the vitamin A status of the animnl ~ cither its imwediate
oarotene intake or its liver storage of vitamin A « ang
suggests that utilization of plaame vitamin / alcoohol depencs
on the uptaite by the mammary gland of plasma protein with which
the vitamin A alcohol is associated, %he vitanin A alachal
is then spparently tranaferred largely to the fat phase in
the milk and is fairly completely esterificd, Under thosc
circumstances the level of vitamin 4 in the milk would Le
rclatod not only to the uptekc of chylomicrons and the lcvel

of vitamin A cater in them, but also to the uptake of plasme



protein and in attempting to relate levels of vitamin A in
the blood plasma ani in the milk fat, milk and fat ylelds
would need also to be taken into acocount, Clearly,
furthar more detailed studies are required in order to
scttle this matter finally,

The finding that the level o thiogyanate in the blood
of oows remains oconstant despite ocomparutiwvely wide
finotuations in gyanide intake fyom wwhito clover, would
appear to rule out the posalbility of thioquunate being of
cny impartence in connection with the _resent problem by
virtuc of its effeot on thyroiu function, Despite this
fact, however, thc low lovel of thiogranate in the blood,
in itself, is wwost interesting and werits fathar inveatigatione
In sheep on high intakes of high qyunide whitc clover, plamm
lovols of over 17 m,/100 ml, plasma have been reported (Flux,
Butler, Johnean, Glamiay & ‘etersen, 1956). The fact that
in the oow the level remins constant at about 2,0 mg/100 mle
plasm and appears iadspendent of qyanide intake would secm
to inuicate that either urinary axcrotion of thiogyanate in
the cow is mach more officlent than in the sheep or in the cow
an ¢ltermative mechenism is present for detoxdcating ingested
gyanides

From a aconaidaretion of the results presented in Fige 5
it 1s oviuent that, widle there are sample~to-sample fluoctuations
in the levels of’ carotene, xanthophyl., dilerophyll and tocopherol
in the pasture throughout the year, no cleur-cut seasonal
variations in the lovels of these coustituents are apparent,
HoGillivruy (1952) has reported a dearease in the levels of

tooophicrol in mixed pastures in the Yanawatu over the summer
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oonths, but the findings in the jresc:t study, at least owr
this one particular seasan, would not scea to substantiate
thilse Since the lewels of curotene, xanthophyll and
tocophorol in pasture wvary between com aratively narrow
Umits, ani since in winter end eurly spring these are
sufficlent to cadntain high blood plaama and milk fat valucs
of thoso constituents, it would scem likely, in agrveccnt
vith the findings of earlier workars (e.ge cGidldvrny, 19523
Mcbowell & Mobowall, 19533 MoGillivry, 1957a), that the
lowerod blook plasma and milk fat valuss recorded over the
late spring/summer pardiod are due to a decrease in the
amilahiliiy of those constituents in the pusture resulting
in o difforent relaticnshdp between the level of intake of
thesc substances anud plaama and milk fat values in the sumer
than in the winter and springe Little is knova of the
odnine levels of zanthophyll and tooopheral in the pasture
nooosoary to maintain normal values of thoso constituents in
the milkk fut, 4 conaiderable amount of work has been
carriod cut overseas, however, on the minimm levels of
cgotane: necececary to maintain high walues of carotane and
vitazin « in the milk fat (dlecussed in the naxt chapter), on
tho basis of which it vould ssenm that, inscfar as the actual
ocarotcno content of' the pasturc is soncumed, suamer pasturcs
in jlew eulund shouki be able to support the nuroduaotion of
mlk faot of maximm vitamin A potenay,

In view of the above finlings it vas decided to umiertalo
further experimmnts with a view to inwestipgatin: in greater
dotnil the relationship between the lovel of carctene intoke

fron summey pasture and the vitamin A potengy of milk fat
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produced therefroms The results of tiose experiments will
be considered in the next chapter,

Sumaxy

1¢ The nature of the sumner dealine in the vitamin A
potangy of New Zealand milk fat hos been investipgated
uaing 6 pairs of identioanl twin cown, Calving was
arranged 80 that {nuividoel cows within cach pedr calved
epproximately 7 weeks apaxte

2¢ Shere was o steady doaldne frum early lovember to
datoc Jammnry in the lewsls of carotene, xunthophyll end
tooopherol in the milk fat, vitamin A aloohol end ester
lovels, however, raemining relatively steady. Due to
the docreasing levels of carotene present there was a
noticeables fall in vitamin A jotency of the milk fat,

Je Plasma lovols of carvtenc, zanthophyll, vitamin A
alodhwl axi ester, and toaopharvl all dealinsd ower the
period fran Noveaber to Jamiary indicating that changes
in milk fat constitucnts are the result of the changing:
lovels of these substanoes in the blood plasma,

e llo differames in the behaviour of carly= and late=
calving cows was obscrvea canfirming that the changing
leveln of tho vurious constituents in th: blood plasma
and 1k fat throughout the survey were indopenient of
lactational infliucnoes,

Se Lewels of carotene, xanthophyll, chlorophyll and
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tocophcrol in mimmd pasture shorod eample=to=eaiple
fluctuations throuyshout the suvey but no distinct
acananal trends were observed which might account for
changes in the levels of' the various milk fat and

bload plaam ocunstituents, Carotenc in the pesture
was ghorm at all times to be well abowe ‘he level
nogcsaary, on the baais of overseas woric, {or the
production of fat of maximm vitamin 4 petengye It

is concluded that the low vitamin .\ potencies and the

low levals of the various milk fat and blood plasma cuastituants
over the sumer period is due to 2 losoyou availability of
aarotene and othar fat=enluble constitucnts in the pasturc.
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Antredustion

The relationship betwoen the daily caxotene intake of
cows and the levels of aaroters and vitamin 4 in their mdlk
fat hos been invostigated by a number of worksT® (Gege Rusesll
gt al, 19355 Atkeson ot ale 19373 Frups gt al. 19373 'llbwr
gt al. 19403 Hauge gt al, 1940 iiisoman gt al. 19493 [ibbe
gt ale 199)e Clear relatianships have boen established
at lower levels of carotene intalke but it is apparent that
thare aro maximm lovels in the milk fat which cannot be
exceeded by feeding carotene as the sale sourve of vitamin 4,
Most workers find these levels equivalent to about 50-60 i.u./g
fate There is, however, less general agreement on the actual
minimum aarotene intaks necessery to attain these maximuam milic
fat lovels and figures renging from 300 mg (Heuge gt ale. 1944)
W to ZHe0=260U ny (iiseman gt als 19493 IMbbo gt al, 1949)
of aarutane per day have been suggested,

Vitamin A potencies warying between 5060 i.u./g fat have
been reported for New Zealond milk fats produced during the
tdnter and carly spring but the potenqy of sumner milk fat
has been found to be mich lower, in the rogion of 040 i.u./g
fat (ege licDowall & Mobowmdl, 19533 HoGillivrey, 1956)s On
the tnais of overseas work those lower potencica might be
axpectad to be associated with a lover ocurotene intake, but
¢this is now kro'm not to be the cane eince it hns doen shovan
that tho oarotenc ocontent of typiocal daliry prstures in liew
Zoolaml 18 relatively high throgyghout the year amd that the
daily carotene intake of cows on thoso pestures 19 in the

region of 48 g/day (MeGillivrey, 19563 scc also Chepter X).
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This is cansideyably in exceas of even the hijheot lowels
referred to abowe as being adoquute for the production of
odlk fat of mdmm vitamn A potenqy wxd is 4n the renge
vhare mlk fat carotone and vitasin . would be axected to
be indepandent of carotone intaim,

It vould appear, thorefore, that the utilization of
carotane fyan liew roulei sumer pastures is in sanc wy
Ixadved, resultou posaibly in a differeat relationahd;
botwoen ocarotene intale and mill: fat potengy from that
roportcd ovVerscase Acceordingly, it was decdded to carry
out exxximmto to deterrdne more procisely the nature of
this redaticnsihdp «nd elso to investicate the utilization
of an altarmative source of provitamin (auroteno in arechis
0il)e

Lxperimental

Genezel, The materials and methods were as described
peeviously with the following additionss
Cousy

£ 1.  TFour pairs of axmzyputic twins, precamnantly
Jarogy, frun tho hard of Tho bairy Research Institute (iigZe )
wro used in the investigation vhich was com=Enaai in Jamary
1956, vhon the lewils of curotene and vitemin & in the milk
€at wore at a alnimm, Tho animnls verc graced out=of=doars
on typical dairy pmaturcs vhich were at the timo pradaminantly
viiite clover with a «aall jxopartion of ryegruscs and acodmfaote
Lurdng the 7=day pretrestoent pariod (Perdoed 1) ell animils
ware on pastigo and were perumittod to grese to appetite each
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doy on en ayea vhich was ldmitod by moans of tho elootric
fonooe For the éuration of the experiment 4§ oows were
offurai an arca of pustare equivelont to this each daye

Their twin motes were then restricted forr 8 daye to ano-half
thie zrea L)c'x" doy (Perdod 2), for § days to aneequarter of

this arca per day (Ferdod 3), ani finally, for 8 days they
were doprivod of pasture almost campletely (ierdod ).

The eight andmals thon ran togothor en pasture for a farther

15 daye (Pexriod 5)e Duping the neriods of restricted
inosture intalke, the talanoe of the recuiremcats for meintenance
anxi lactation (aaloulated from iicodman, 1948) was provided by
poor quality hay and a psal conalsting of cquald parts ef linseod
moal and crushod barley offured in the ficld aelmultancoualy
with the pasture vhich wos rationsd throughout tho day to
aise e relatively uwndforn intale of pasture and neal,

30 2s To investigate the utilization of an elternative
sourcee of carotenc, two of the four paive of monoyygotic twins
anployed in the first expariment were used,  Two animals
raninad on pasturo throughout the experiment while thelir
tvdn mtes veore i out-of=doars on concentrates and hny for
18 days (Period 7)e  Durding the last 9 days of this period
(Feriod 7b) the mealefed animls were both drenched twice
dally, after the morning and evening mlking, with a solution
of carotene (pure gynthetic (S =carotene as supjlied by Lo Light
& Cop Ltde, Fayle) in arachis oil to give a daily intakw of
750 mg of carotens in 150 mls of odl, The four animais were
then mintained on pasture for e further 12 days (feriod 8)e

Sorplinge
Udle fat semploge All cows were milized normally twice a
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day, milk samples being collected at the evening milidng onlye
Fat samples were prepared for assay and estimated individually
for corotenoids and vitamin A as described on ppe 169, 170

Pasture and feed samples

were talen at intcrvals of approxirmtaly 7 days and assayed
for oarotene using the methed described on pe 170 gt sege

Rosults

Exps 1o Throwghout the exparimamtal pariods the lovel of
carotene in the pastwre raaminad relativaly constant at
500=550 pe/e dry matters Assuming a dry matter feed
intake of aprroximtely 25¢ body woight (Woodman, 1948),
this gave a dally carotene inteke of about 5000 mg when the
ardmls were on full pasture (Perdods 1 and 5)e AllowAng
ior the casotene amtant of the ary feed, the daily carotene
intale was apgprodoataly 2500 mg &wrdng feriod 2, 1300 g
durin; {vriod 3 and 100 mg during FPeriod &4 vhon pasture
contributed only about 1, of the totel fleed intake,

Average milk fat vitanin A and carvtenoid lewvels for the
4 palrs of animals are shown in Fig, 6, A1l animals showod
gimilar trends and similar sample-to-sample fluctuations
which in nmony cases exoxiad treatment differences except
dizing reriod 4e However, it seems aspparent that a
reduction in carotane intake to ane-half or ono-cuarte norval
hos litile effect an the lewels of vitamin A estor or alcchol,
ihen the carotene intuke wms further roduced to 100 mg (Period 4),
vitenmin A ester was depressed an the averace by about 1.5 pa/g
but vitamin A aloohol was not sppreciably affected,  During
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Perdiod 2 the avernge leval of carotene in tho milk fat was
reduced by about 1,0 pe/p fat and durdng Ferdods 3 and 4 by
about 2,0 pe/g fat, Treatment had little effoct on
xanthophyll 1cwels until fericd 4 vdhon a depresaion of
obout 1.0 pue/g fat cocurreds

41k fat vitamin A anxi aurotawid lewls returmed
alovly to narmel durdng the post=experimented period
(cexdod 5), vitamin 4 eater boing sansvhat higher far
acveral days in the dlk fat of animls whose carvtane
intaios aad previously been restrictods

LX0e 2o Tho results of the axperiment in which 2 animals
w2re dosed with carotenc in ¢il as an altermative sourve

of carotaeno are ghown alsc in Fig, Ge During Period 7

the treated animels received the same "lowecurotene™ feed

ap wes usod durdng erdod 4 (lxpe 1) and tlwir doily

arotor intalm was gzain sbout 100 mive <8 in the previous
ex erimant, the restricted caroteno intucc cuusced a decreasc
in milk fat vitamin A ester, carotene andi xanthophyll

leveloe vhen, hovever, the feed was supplenented during
Terdod 7b with 750 mg of carvtane in oil to give a total
carotone intale of approxdimately 850 m; per day, milk fut
vitomdin 4 oceter and aurotane valunes rose mplaly, tho vitamin A
cotor lovels for a short period exoeexdiin those in the milk
fot of the control cows, By the end of ieriod 7b vitamin 4
cater levels vere identical in the contral and treated ocovrs
and no significant changes ocourvard on retwn to fall pasture
during the postecapearimentald periods varoteno, on the other
hand, was still slightly lower in the milk fut of the treato.
o8 than of the oantials at the end of leriod 7b and a slight
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Eigawe 6.

Effect of roducml carvtene intake (Lxpe 1) and

of supplementing with cargtane in oil (Exp, 2)

on the levols of carotene, xanthophyll,vitamin A
aloohal and ester in mil: fat,

Soldd Jingss  oantrol cows,
Lgvien 4dnoos  treated cowse
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increase ocowrred on returm to full pasture, Aanthophyll
levels roturned repidly to nommal during the posteexperimental
neriods

-’

Milk and fat yields remained relatively constant
throughout the two experimonts and no siynificant differe
ences were found between treated and control cowse

Elscussion

mwmmtamwm'tahaninmam
to obtain further infmmaticn on the utilization of carotenc
by cows graazing summer pasture in New Zealand and %0 ocampaye
the awailability of carotene from such pasture with that from
an altcrnative source (vize, arechis oil).

From the results presented in Fig, 6 it is epparent
that 2lthough the carctenc intalee Iof the contrel animmls
wes relatively oonstant thiroughout the ex eriment at about
5000 »¢ per day, considcreble fluctuations ocamgyad in tho
lovels of aarctenc and vitamin A in the milk fat. For example,
during Exps 1 the milk fat carctenc varicd fyom a maximm of
10e4 to a mindmm of 8.0 pg/g fat, and vitamin A ester from
Ge3 to ka9 pe/z fat, giving a vurdation in total potoncsy
from appreximately 40 to 30 i.us/g fate  That these samplo=to=
sarple differences were of the same order as the differences
betwoen cantral and treated animals durdng Pertod 4 would seam
to indicate that same factar other than carctenc intule vwes
capable of producing as great a chayye in mill: fat caxrctene
ond vitandn 4 as a 50=foid change in carotenc intake, At tho

MASSEY AGRICULTURAL COLLEGR
LIBRARY PALMERSION NORTH, N2y
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present timo the nature of the factor inwolved is not al all
cloar, It is of intercst to note, howover, throughout
both experimente, the alose correlation between the sample=toe
sample fluctuations in the milk fats of contral and treated
enimels suggesting that variations posaibly in the axtarmal
anvirament of the animal may have a magkal effect on carotene
utilization, Adthough these fluctuations tended to mask
the effect of variations in oarotene intale, it appears quite
clear £Iva the results of Exp, 1 that a ralatianahip does
cxist dotween ocarotone intalow and total fat potenqy even up
to relatively high levels of carotenc intake,  For example,
thore wns some depression of milk fut vitamin . ester lewels
whon the carotonce intale was reduced to 1500 mg per dgy
(Poriod 3) end milk fat carctens lowels wore affectec to

sax extent vhen carotene intalee was reduecd to 2500 mg per
dny (Peried 2), The latter effect was slight, however, so
thet generedly spealking with intukes from pasture in cxoeps
of 2500 mg per day (equivalent to e level in the pastire of
approxdmataly 250 pe/fg ary metter), it sccme that the total
vitamin A potengy of the milk fut ney be rogarxded as virtually
finue;crwient of carotenc intale, This is in agrceme:at with
the earlier £indinge of Wieeman gt al. (1949) anc iiibbs

et als (1949), althowh in the present investigation the
exdrun total vitamin . potency of the milk fat jrouuced

at this level of carotene intake wes lower than that reported
by thooc workers,

Throughout the present experiments little relationship
could bo odserved between carvtene intake and the lswvel of
vitamin 1 aloohol in the milk fat althouzh there did eppoar



to be a very elight tonuenoy f'or the aloocholi lcvel in the milk
fot to inarease as the aurotanc intake decrcased (of. Chanda

& Omwony 19523 Chamia et ale 1954, 1955)s liowcver, the levels
MMwmmﬁw difTorences notew so consistently
amnll, that no aignificanoe can be attachcd to thom (sece also
McGilldvrny, 1957a, b)se

In compering the results obtained in Expe 2 in which
750 ng of carotene in arachis oil was used as eldiost tho oolo
source of carotene in tho diet, with those obtaiincd in fxpe 19
it is notewarthy that this lowvel of caroto:re in oil was more
cifootive than 1300 @ of' carotenc {yum pasture in maintaining
milk fat vitamin A potengy, and only alightly less effective
than 2500 mg of pasture carotane, It was also of intcrest
that on tranaferring fram the "mealeplusecsrvtenc-in=oil®
rations used in Expe 2 (Pariod 7b) to full pasture, no change
oocowTexd in mllk fat vitamdn A ester levels and mdlk fat
carotenc levels increased only slightly, Cayotene in oil
would appeer, therefore, to Lo reiatively better utilized then
carotanc in pesture grown under llew Zocaliund summer oonlitions,
In view of the fact, howover, that dosing with carotenc in
0il did not Ancreass the total potenqy of the fat above narmal
sumcr levels (fe€e 30=35 f.u/g fat), it would ap ccr that
factors lmiting the utilizatian of cerotene from cumer
pasture ezcxt a almilnr overull effoct on carotene aduinistered
in ofl.

From a aaaidarution of thc results of both experiments
it seanp apparent that unier liew Zealand conditions a relation~
ship similar to that rerortced by oversasns woricre cxists
betwoen tho onrotene intake fyom pasturc and the levels of
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carotene and vitamin A in the milk fat, During winter and
carly apring the total vitamin . potengy of the mdlk fat is
of the sane ordar as would bc predicted frum the known aarotene
intale of the animals but in midsumner certein factors prevent
theese maximum levels being attained, ‘7hdle paxrt at least
of this effect may be due to cavirommental influences (pe 200)
it would secem likely that nutritional factors also are
involved to a certain extent, It was thouht deairable,
therafare, that this latter possibility should bo further
investigateds Accordingl;, a scries of experiments wes
undertakem for this purpose in rets, The results of these
studios form the subject of the next chapters

SuEmexy

1 The results arc discussed of an investigation into the
officienqy of utildeation by dairy cows of ocarotenc from
lew Zoealand sammey posture and from arachis oil,

2 Above an intake of 2500 mg of cerotens/day from
pesture (corresponding to a level in tho pasture of
appraxiately 250 ug/g dry matter), it wouli a;pear that
milk fat vitamin A potongy is virtually indspendent of
the level of carotene in the diet,

3¢ A 50~fuld decrense in tho noymal intake of carotene
fyon suwmer pasture over a ehort perdod was showm to have
welntivedy little effect on the vitamin . potengy of tho
aillz fat, corotene content bel:ng roduced by appraximtely
20 pg/g fet and vitamin /. ester by appraxdaately 15

pe/g fote Little change was observed in vitamin A aloohol
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ocontont,

4o Samplestoseomple variations in both ocontxul and treated
animals were obsurved in many cuses to exceod the differences
duo to treatment except durdng the periou of extreme carotens
deprivaticn. Samplo=to=sample wuxiations of control and
troated animale were also obscrved to be highly ocorrelated
vhich would sugsest that perhaps variations in the extcrmal
onvircament of the animml may have same eff'ect an carotene
utilizoation, |

5e¢ Cugotenc in arachis oil was shown to be relatively
more effective in mainteining the vitamin 4 potengy of
alll: fat than summer pasture but the total potengy of the
fat obtained after doging with curotene in oll was of the
sanc orxder as that produced from sumer pasture,






Antroduction

Hutritianndl factors influmain: carotane utilization
havo been invostigated by a mmber of workers but in general
the lovel of ocarvtene intake has been relatiwely low and it
cennot be assumed that the eamo effects would be apparent
at the very omaiderebly higher relative levels of carotans
intake obtainin: with cows on posture in this coumntry (see pe 193)
Acxmadingly, using muats as experinental animals and cagpar™
atively high cazotane intalws, the effecto on carotenc
utilication, as indicated ty bload lovels amxi liver stores,
of a nunber of possible avanges in pasture coaposaition were
investigated in the hope of cbtaining information applicable
to tho gonarul jmoblem of curutene utilization (Yom pasture
by cowse In addition, ainve the eeasanal changoes noted
yrevioualy in Chapter X, particularly in plasme vitaoin A
alocghol levels, oouki perhaps be hatmonal, the efiects of
adrenaline and inauldn vhich other workers have alaimed
ocould influyence vitamin A metabollam (soe, for examplc,

Young & edd, 19403 Bauereisen, 1939) were also investigateds

Experimentel

previocusly with the following additionss

Sotse The rats usocd were albino of the .istar strain,
partially doficient in vitamin 4 and maintained on the
basai diet desaribed carlier,

Doging of ruts,  Carotens (approxi.ately 90 A3) and



X =tooopheryl agetate werc supplicd by the iastman Kodak

COe Lides New Yorks  Chlorophyll ed xanthophyll were
axtracted fyum fresh grass and esparated chrumatogrephically

ap desaribed on pe170. Unloss othexrwlse statod the carvtene
and other fate=goluhle substances verv dissolved in arachie

oil andi the animals dosed by stomach tube (soe pei1) and killed
43 h later,

Pogtors studieds A8 has boen noted cerlier, little
information is available regarding variations in the gencral
campoai tion of typioal liew Zcaland pasturos, It 18 well
knovm, however, that there aro ecaspnal changes in the
cagpoaition of the pasture, :artioularly in the proportion
of ryegress (lolium perenne) and rod and white clover
(xifolium pratense and g_‘_gg&n_a)*, and also in thc stage
of maturity. A number of wariations in known jasture
constitucats which might bo oxpected to affect aurotanc
utilization were therefore inwvestigated as fallowss

(a) effect of lovel of carotene

(b) effoct of conoantration of carvteno in oil used
as vehiole

(o) effect of aegroe of wnsaturetion of the vehicle
(d) offect of noniigestible matericl in the oil
(o) effect of tooopheral

(£) effoot of chlarophyll and xanthophyll

(g) effoct of botanical caposition of the feed

(h) effect of qyanide

* See Sears gt als (1942, 1948).
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Regults

The results presented in Table 32 4{ndicate that a
mmber of possible variations in pastuwre camposition might
bo expocted to influenoe quite marimdly carotenc utilization
degpite the relatively high level fods Thus, from Expe 4
it in clear that a fairly dircot rclationship existo between
1iver storege of vitamin 4 and the lewel of carotonc fed
over the range O.25=4 ng/mtt. The concentration of
carotene in the oil ie also important (ixpe 2), too low
cr too high a concentrution termding to reduco liver storege,
the latter Gue probahly to an overlsading of the digestive
aystem with 1ipid material,  From the results of ..xpe 3
it is apparent that the nature of the vehicle may have a
profound effect an cmrotene utilization, the level of
vitamin . in the liver decareasing sharply as the proportion
of triolein in the oil used as vehicle was decreased below
about 7Cse The incorporation of a aaall amount of
beesmx had o mah greater depressant effoot than the
equivalent amount oi' tristearin, tho mixture of 60, triolein,
25,0 tristearin and 1Y» becswax resulting in a llwver stomge
of only 8e3 pg of vitamin /\ whereas a mixture of 60
triolein and 40 tristearin alonc would have been expected
to give a liver storuge of tho arder of 40«5 ug of vitamin A,
Varying the lovel of tocopherol from O to 8 mg/ret hod no effect
on the utilization of a &4 mg dose of cuxvtenc (Lxpe &)e
Simdlardy, 40 ng of chlorophyll doeed with the curotenc haed

no effect (xpe 5), while 3 mg of xanthophyll hod a dight

® Bquivalent on a weight basis to aporoximately
500=8000 mg/oow,



but probahly inaignificent depressant effoct on liver vitamin A
storcs, In geosral liwvr curotene lovels, alihough low,
fallowved the lver vitamn 4 lovols. Flasna viiamdn A
alcohal lcvals varied from 15 to 31 pg/100 ml, piesma, and,

as vould be expecoted, bore no apparent relationship to
treatmant, Un the other haw, plasma ceter values, whidh
rangod from 1¢1 to 8e6 /100 ml., boro a foirly direct
ralatianshdp to liver vitamin .. lowels fnuicating that
absaryption of vitamin A\ was still proceeding and at a rate
propartiannl to liver stores.

From the results presented in Table 33 it would appear
that there was somo differaice in the utilization of cnrotene
by rats fyrom the 3 pastuwre spcales inwestigated but tho
addition of qranide in quantities cquiwvulent to those Ukely
to bo derived fyom & high Qranide white alover had no marised
offcot on the utilization of curotenc either from armchis
cil or fron a mdxed pasture, In ixpe. 6, the lowest liver
etaraze of viteamin A resulted from feeding high qyanide clover,
This was associated with a plaam vitamin A aloahol lcval of
34 pg/100 nle a8 comparau with 20 and 26 /100 ml. for
Iyegrans and low gyandde white clover, respectively,. The
sane cffect is apparent in bape 7 whore the eddition of
qanide to the drinldng water resulted in lower liver storsge
of vitomin A again assodiateu with elightly highar blood plasme
alochol ievels but these differeices wexe not eigniticante
Simlarly no significant treatment differencos were apparent

with the higher dosage rate of aurotono in o0il usod in . xpe B,

To investigate the offeot of adremaline and insulin on
pleam vitamin A lewols, 6 fennlc stocimoolony rats with normad



(m/womlxua/wcw (Ps) (m) (ns) (ug)

(ng) (mg)
1 6 - = = = | - 13 = Ge5 o7 142 =
3 ianchis oil 1 0425 - - 18 1e1 1.0 23 33 18
'3 1 0e5 - - 16 1.5 242 L9 Te1 19
3 1 2,0 - - 2 40 91 19 23 5e3
3 1 40 - - 2 7.0 0 38 18 87
2 3 racis oil Ce5 40 - - 2 5e2 . 2, 38 6e7
3 1.0 40 - - 2 7.0 10 38 48 8s7
B 2,0 2,0 - - 31 3e3 10 416 26 48
|
¥ (3 OF el 1 40 - - 19 2.8 21 3.7 58 Sk
5 e el 1 4e0 - - 19 307 635 19 25 B2
5 éfm Siadata 1 4eO = - 2 3.9 %8 26 36 13
3 250 triotoardin 1 4.0 - - 16 5e7 11 38 49 10
3 txriodein 1 4e0 - - 18 5e2 12 Ll 52 1
63 triolein
5 295 tristearin 1 40 - - 17 3e1 2.5 | 548 | 8.3 6e3
15 beeswax [
r
& 3 Araghis oll 1 40 A ~toanheryl - 2 7.0 10 38 48 8e7
acstate
3 1 4.0 0e5 > 42 1M 30 M 841
3 1 he© 1.0 D 50 11 38 49 8.3
3 1 4.0 2,0 21 | 846 138 3 1
'3 1 &0 W > 2.9 0 32 a2 5e6
'3 1 4.0 8.0 17 2,2 1M 3 48
I |
5 |3 Avechis oil 1 40 - - 2, 7.0 10 (38 a8 a7
| 3 1 40 Chlorephyll 40 2 23 | Ww 33 W kel
'3 1 40 Xenthophyll| 3 25 0 |12 % = i 46
| Chlorophyll | 40 |
3 1 w0 | g 3 ® [ B o» W { b7
4 | . i




Table 33, The effect of feeding separately ryegrass, low qyanide and high cyanide white clover

and of feeding qyanide on the appearunce of corotone and vitamin

plasme and liver of rats (mean weight 170 g) partielly deficient in vitamin A,
110w Treatment Hood Plasm Liver
e IS Diet Daetion Total | Vi A Vi A %
(days) Carotene | i hoter | E ;’ Carotene
intake | :
per rat | '
(mg) | (ve/100mly (ug/100miy (pe) (ng) () (ng) (ug)
6 6 liormul bamal alet (controls), = - 2, - OS5 Oel | 0.9 0 0
6 ' Sidn milk poader + 285 freese
| dried ryegrmas., 7o 20 7.6 2 82 106 2.8 S5e3
6 ' Sido w1k powasT + 3l freeme
| drioed low cyanide white clow=: 6 701 26 8e2 2 7 246 2.6
6 Slidn milk poudar + 506 frecze
aried high Quanide hite clover 6 7o 3% 8.8 P 4 60 80 302 360
7 &4 |dldn cilk posdar + X, frecze
| dried pastime (approx. SQs
| rycgzaas 50 lov gunice
clover on Usis basis) 5 6e6 27 - 15 113 128 6.2 4e3
& | = ditto = + KO equiwilent
to 005 KU in drinldng [
water. 5 6.6 33 - 20 " 1M1 6.9 '! 3¢5
. ' . -

8 3 Normel basal ddet + 4 ng | |
carvteme in 400 mg arechis | .
oil/rat/day . is 2 2 - 23 30 | 33 3 =

3 - ditto = + KONeguwlat | | | |
o 25 ng IKi/rat/day | |
| mixed with feod. 6 - " 22 - 8 334 362 34 | -

_.O La-



Zablo Jbo

The effeot of subcutaneoualy adadnisterud adremmline and insulin
on the plaama vitauin A alcobel levels of stock-calany rats,

slaggrtared ; h after injection,

tiean wedcht 300 ge

' aiiio. Liver re Dose 2lo00d plasna
5% | rats of vitanin 4 | Tature Amount Vitemin 4 | Vitamin 4
used (md.) alcohol ester
- L Sng/ro0oml) | (ug/100ml)
{
9 6 Jorml Distilled | a5 i 15.1 4.0
wter ! i,
6 Normal 151000 | Qa5 | 11.3 542
adrenaline ' |
0 6 Hgh Distilled | 0u5 | Wb | 9a2
wtar | f_
6 High 131000 | 0e5 | Wols | 8.7
6 Tigh Insulin | G5 | 13.2 9.6
‘ (8 40 units) |

-“2-
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vitamin 4 reserves were injected subocutanemualy viith 0e5 mle
of 131000 adrenaline ami killed ; h later, 6 almilar vats
but injcotod with 005 ml. of distilled water were used as
ocontrolse From the results (Table 34, ixpe 9) it can be
scen that the plasma vitamin A alochol levels found for
treated animals (11,3 ug/100 ml.) were lower than those
found for the ocantral axdmels (15¢1 11g/100 ml.), these
differencos being, however, statistically not significant,
ihen this expariment was repeateou using animals with
considerably higher liver vitamin A rescrves (Expe 10),
similar injections produced no significant changes in
plosra vitamin - aloohol, 6 treatod animals avereding 14ek
/100 mle and 6 oontrol cninals 14e6 PE/100 nls 6 simdlar
andmnls injected subcutansoualy with Ge5 mls of insulin
(cquivalont to 40 units) oni Idlied § h lator showed an
averege plasma alachal level of 13,2 /100 mle chich was
agadn not aignificantly different from the ocontrols, Treatment
with edther adrenaline or inaildn hod no effect an plasme
vitamin A ester lewels,

Lisoussion

Fagtare influencin: acrvtemm utilization at low levels
of intalso have been extansivuly revicwed elscuhere by a ambar
of workers (sse, for example, Goadwin, 1952) and will not
tharefare be dealt with further hore, The main purpose
underdying the present cxperiments was to detormine whether
similay relatianships could be cetablicghed at eenaidarebly
hgher levels of ogutenc intale as a means of explaining
ccrtain irreagularities in tho utilication of carotene from
pasture by dairy cows grazing under lew lealand sumnmer conditions,



For this purpcse rats have been used as expcrimental animals,
A1l dosage levels were adjustec, on a body weight busia, 80
an to simunlate as closely as posaible ooniitions in the field,

From the results obtained it is epparemt that ocartain
factars may have a profowx influence on the vitamin A econoxmy
of thc animal even at those relatively high lewels of oazutano
intolme, For example, it s alear frem the wescnt results,
that over a wide runge of carutene intalko there is an almost
lincor relationahdp between hepatio storage of vitamin A and
ths lovel of intalo, although those obascrvations, insofar as
they appdy to animals 4n the field, are probably enly of
fairly limitod import (see, for example, pe 196)e Purther,
there would appear to be a relationship dbetween the level of
faut in the diet and the eificienay of carotene utiliaation
providing at loast that the digestive gystam docs not beocome
wdnly overlonded vith lipid rmatarial when utilization may
becomo earicusaly impeired, In contrast to these results,
hosover, it wwuld appear that the utilization of aarvtene
when fed at high lsvels in the dict is b.t 1little affected
by addition of either tocupherovl, chlarophyll or xanthophylle
From a ocnaidsyation of the rcsults obtained in Exp. 3 (Table 32),
however, it is apparent that the degree of unsaturation of the
vehicle may be the most important sincle factor detemmining the
offiolency of utflization of carotenc at high intake lewvels,
In practioe in the fielkl the degree of unsaturetion of the
pasture fat couki affect the utilization of carotens in at
loast two waysy diredtly, due to the proportion of unsaturated
fatty acdds present in tho fut (Geg. Xrukovsiky, 1942), and
indirectly, depending on the extent to vhich tho unsaturated
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acids prosent are hydrogeaotod due to microbial activity during
thodr possage through the rumon, Shorland gt ale (1955) have
daxmatrated that unoaturated acids of poature fat are readily
hyurogenated in tho rumen, but thexe is $o datc no indieation of
any ccesnnal waristion in this function which might acocount for
posalble variations in carctenc absorption, Clefo acdd,
howover, which is the mojor unsaturated acid of milk fat, is
Imorm to wvaxy in ilew Zealanc odlk fat in aach the sane way
throughout the scasen as carotenes xanthophyll and tocopherol
(Ceze results of Hansen & Shorland, 19523 MeDowell, 19533
larlor & MoGillivray, 19573 scc also ppe 159, 161), and since
oloic acid 1o not qynthosizcd to any epprociable cxtent in the
mmoary gland (Pepdak, 1952) it might bo assumod, on the basis
of the results cbtained in Chapter X, that this trend reflects
gimllar changes in the oleic acid content of the blood plaamn,
If in turn tho level of oleic acid in the plosma reflects
hydrogonation aotivity in the rumen, as At appears very well
1t myht from the rosults of Shorland gt al. (1955), then the
lattar function may quiic well bo a fundamental contributing
foactar to the low availabllity of carotenco frun lew Zealand
amer pastures, Clearly, hovever, much further weorft will
be requirad in arder to eluocidatc these relationships in more
dotall,

Frum the resalts of the experiments, in vhich the effect
of feeding ecparately rresrauss, low qranido and high qyanide
white clover on plasmn levals and hepatic stores of vitamin A
woro studded (Tahle 33), a difference tas oboerved in the
utilization of carotcne from the three spocies in favour of
the rycmuss and lov qranide clover (/xpe 6)e This spocies
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difference was, however, probably due to some factor other
than the qyanide ocoatent, sinos inoarporation of qyanide in
the diet in amounts colculated to bo cuivalent to those
derivod from dgh qranide alover did not appear to eprredaiably
affoct tho efficlangy of utilizntion of carvtene eithcr fran
e mixed pasture (Fxpe 7) or from arachis o1l (txpe 8)e

The results presanted in Table 34 are in shary amtrast
with tho fim:ings of Young & weld (1940) and Demereisen (1939),.
Fron a aconalderetion of the results it 1s apparent that under
the prosent oaxverimmtal canditicns nedither adrcnaline aa
insulin had any approciabhle effcot on the lewvels of vitamin A
alcohol or estor in the blood plasme of xats, From this
ovddance and fran that prosented by Thompyscn & MoGillivray
(19:7) it would appoar that, under normal oanaitions in the
ficld, lormonel influences are probabl | uninyportant insofar as
blood plaam and milk fat levelo of caxrotenc awxd vitamin A are
concerneods, |

Surery
1¢ The influence of a number of factors on the utilisation
of' carotenc by rats has beon investigated, A high dosage
lovel equivalent to that derived fram pasturc by cows has been
aplgqyed and plaam lovels an; liver stogage of vitamin A has
been used as a reaswe of the afficiengy of carotene utilizations

Ze Utidization wos influcnoed by the level of carvtans intals,
by the concantration of curoteons in tho oil used as wahicle,
by the degree of unsaturation of thc vehicle and hy the prescnoe

of non=digestible wax,



Je Uarotenc was better utilised fyom ryegross and low
Qunide vhite clover than fran high qrandde clovar but added
qrudde had little or no offect on the wptukce of oarotene
iYon Qyanide={roc pastwre or fxyun a solution in odil,

4e Insafar as tho results of these investigaticns can

bo applied to cows grazing typical New Zealani ualsy pasture,
it secems that factors which may throw same licht an the poor
ubilization of carotaic from the jastumo over the suamr
omths are (a) variations in the anount, nature and composition
of thc fat present in the pasture, ant (L) veriations in the
dogreo of hydrogemation of fat dn the rumon,

S5 Advemnline and insulin a;peared to have no effect on
the lsvels of vitamin A alcochol or estar in the blood plamma
of rats, Fram theoc results and those cbtcined by other
athors it would seem unlikely thet harmamai cffocts are
irportant in ArSlumnaing carotene and vitamin 4 lewvels of
the dlood plasma or milk fat,






Gextain aspects of the problem of the decline in the
vitamin A potengy of milk fat from oows grasing summer pasture
in liew Zealand hawe been investigated, In the course of these
gtudies the following points of general interest emergeds

i¢ In a suwrvey in which the levels of carotemag xanthophyll,
vitamin A alcohol, vitanin A estar and tocophorol were followed
at furtnightly interenls in the milk fat and blood plassa of 6
pairs of monozygotic twin cowa fyom carly Octoder (opring)
through to eerdy February (midsuemer), wariations were observed
in all oconstituents (with the exveptian of vitamin A alcshol
and estor in milk fat which was relatively constant) similay
to thoso reparted YWy carlier worknss, a atoady decline in lowels
bedng recorded from early November through to late Janusyy, o
differences were observed betwean early~ and late~calving cows
vhich confirms that the trenus noted werc quito Amlepemient of
any lactational effect, From a comparisan of the blood piocture
with that obtainaed in milk fat it is clear that the wariations
obearvad in mille fat conatituents are due primrily to the
cdanging levels of those substances in the blood plasma, The
1oy plasme lovels of aarotone, xanthophyll and tocophercl over
tho summer period would scem to sugrest, in agreement with the
findings of othor warirrs, that thore is a decrcase in the
availability of thesc substunces fyran the pesture at this
time, oince pasture levels of cach were shown throghout the
sxvey to vary but little, anc the level of curotene in the
pasture was ford at ail times to bo well abovo the level suoe
octed ap adequate for the production of fat of mexximun
vitamin A potonqy,

2e [uctors likely to affcct the avallability of carotene
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fron pasture have been investigatod in some dotail.

(1) Evidence 1s presonted suggesting that, in the cow
envirenmental factors may havo quite an important
effect in influencing oorotonce utilicatione

(41) The poeeibility that a different rciationchip than
that indicated fyom cverscas work cxisted between
ocarotene intakc ond milk fat potengy ovor the summer
moaths was exaninad asing 4 pairs of monozygous Swins,
fian vhich it was shoum that above an intake of 2500 mg
of agotene per day (equivalent to a lovel of appraximatoly
250 pi/g dry oatter in the pesture) millkz fat potency
was virtually independent of oarotane intalke,

(441) In a further study using 2 pairs of twin cows, in
which the awilaobility of corutanc fyom arachis odil
was comparod with thaot fyum sumer pasture, cayotene
fyon the former souroo was shorm to bo relativaly
bettar utilized than fyom the lattor, Yrenching
viith carotene in oil, howowver, did not increase milk
fat potengy ebove normal sumicr lcvels indicating
that fuctore affocting the utilivation of carvteno
fron summer pastaace exert a ainilar overull effect
on curutene (ram other sources.

(1v) In experimonts with jartinlly deficient rets, in
vhich the influcnoco of a number of fuctare on carctenc
utilication wac investipated using Llood levels and
liver stomge of vitemin 4 as criteria cnd high dosage
lowls of carotcne ecquivadent to that dorived by cows
fran pasture, utilization was showm to be influenced
by the lewvel of cuaotone intalx, by thic carocontration

of curotene in the oil wsad as whicle, by the dogxoe
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of unsaturation of the vehiale and by the presence

of nan=digestible wax, On the othcr hand tocopherol,
adlarorhiyll and xanthophyll appeared to be without
offcot on cerotene utilisation,

quanids white alover by rats then from high qyenide
olover but inocorporution of gyanide in the diet in
anounts aalaulnteu to do ecuivalent to those derived
fran high qyanido olover did not appear to approeaiably
aftoot the utakc of carotene either from cyanide-fyee
pasture aor from oile

Adrenaline and insulin appeared to be without effeot
on blood vitamin . aloohol or ester levels in rats,

5¢ Frum the results obtained in the present series of

operiments the following cencral abnclusions may be dresmg

(a)

(v)

Tho lecwal of carotence in New Zealand jasture varies
for the most part betwoen comparatively nnrzow limits
anl throughvut the year would appear to be well abowve
the lcval romired for the production of fat of
oaxdmun vitamin A potenqye Siminrly, =manthophyll
ani tooophorol do not epeer to vary jreatly in the
mastgo and the levels present at all timcse ehould
bo sufficient to medntain continuocualy hich levels
of thesc eubstanoss in the mill: fat,

The fact that lower mllk fet vitamin 2 ctenalce and
loer dovels of' xunthophyll enxd tooopihicrol are famd
in mdlk fat produceu over the sumer jcgyiod is due

prdiogdily to lowers icvels of’ vesicus plason constite



(e)

uante over this poriod apparently associated with
their loered awilebility frum the poasture,

A number of factors mey be of impartance in
contributing to tho lowered availabildty of
fategoluble pasture omstitusnts over tho cumer,
Invironmental factors are suspected as perhaps
beiny, partly responaible, Insofar as resulte
odblaincd with rats may be applied to the problem,
however, it would apiear that by far the most
impartant factor contaibuting to tho problem is
a posaible wuriation in either the aoount, nature
or capoaitian oi' the fat pyesent in tho pasture
throaghout the year, Variations in the degree
of hydrogmation of this fat in the rumen may also
be a faotor complicating the problems
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