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Ra-ica (1) reported that a number of foods and p h ysio log ica l /: 

factors influence liv er  storage of vitam in A in, rats when carotene is  

,|ed ©rally. Ra-ica a lso  found that cortison e  inhibits the storage of 

vitam in  A in the liv er  after the adm inistration  of caroten e, but not 

w hen vitam in  A acetate w a s  given* , . v

There are a number of exam ples which can be used  to  show  an 

antageniam: between insu lin  and co r tiso n e . It is w ell-know n that an  

exee:SS of in su lin  causes: hypoglycem ia, and Ingle (.2) dem onstrated  that 

the adm in istration  of la rg e  amounts of co rtiso n e  to exp erim en ta l a n i­

m als cau ses h yp erg lyeem ia . • There is  ev id en ce from  c lin ic a l ■studies 

by. Boland et a l .  (3) that in dia bet es m e Hit us the therapeutic u se o f  c o r - 

tison e in crea ses  con siderab ly  the amount of insulin  required  to m ain ­

tain  norm al bipod sugar le v e ls  , A 1 good exam ple of in su iin -cp rtls  one 

antagonism  is  shown.by M ir sky (4) in stud ies on congenital d eform ities  

in r a ts . M other rats, w e re ; given 60,00 0 units o f  vitam in A aceta te  and 

2.0 m g. o f co rtis  one' d a ily  from  the ninth through the tw elfth  days of 

gestation . This caused  brain d eform ities to  be in crea sed  by 36 per cent 

in the offspring?. When 1. 5 units o f  insu lin  w ere given along with the
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yitam in A and cortison e  during the sam e period of gestation , the 

incM ence of d eform ities was reduced to  1. 2  p e t  cent. Another exam ple  

of . in stilin -cd rt antagdnisra is found |n  the w ork  of tie  FratifGis and

Landauer (5) on ch ick  em'bryos. Insulin injected  into chick  em bryos 

cansed  a shortening of the long bones of the legs and m alform ations of 

• the beak. When cortison e yms giyeh  cdhcurrently  w ith insu lin , a d w arf­

ing of the em bryos occurred , but sk e le ta l m alform ations w ere pre - 

'Yented; :-f: ;; ’'■■k'’' ' " ... : 1 . . , ■ /  : , :

Clark and Golburn (6) ..showed that the adm in istration  of c o r t i­

sone to ra ts dn a vitam in A -fr e e  diet greatly  in c r e a se s  the rate of 

depletion of vitam in A n to r e s  from  the fiv er , B a u ere isen  (7) found that 

the adm inistration  of 0, § unit in su lin  daily  to guinea p ig s  can ses rapid  

depletion of liv e r  y itam in  A f and les  s of the fed vitam in was u tilised  

for storage in  the liy er . In v iew  p i the fihdings cited , it w as of in terest  

to  study the ittterreiatiohsh ip  of ihsxilin and cprtis one in rats with . 

resp ec t tottiver: Storage of vitam in A,,- •



EXPEmMmHTA.L;

' Preparation  of Carotene Supplement

A co m m erc ia l preparation of 90%. b e ta -a n d  10% alpha-carotene  

was purified  by recry sta lliza tio n  from  a ch loroform  -m ethanol s olution. 

The purified  carotehe c ry sta is  w ere red is solved  in a m inim um  volum e  

of ch loroform  and cottonseed  o il was added to give a  final con cen tra­

tio n  Of 3. d d m g* . carotene per gram of cottonseed  o il. The concentraf 

tion of carotene was checked co lo r im etr ica lly  with an E velyn co lo r i-  V 

m eter.. ■  ̂ , ; k -  : / ■

C rysta llin e  vitamin.'A,:aeetate^y w hs u sed  d s  the so u rce  of y ita - '1 

m ih A. The purity of the vitam in preparation was d eterm ined  by means: 

of a Beckmann DU spectrop h otom eter , using  isopropanol as a  so lvent.
; 1%. ' , " - A-;': -  u  { ' ; : ■ ■ /  ' : ' -

The E ^ ^  waiue w a s 1188 for the preparation us ed, a s  com par ed with

N utritional B iochem icals Corp. , C leveland, Ohio.

■ . Wesson Oil: Co; New* Orleans ,.:Ea. , ' . '

N utritional B iochem icals Corp. , C leveland, Ohio. ;

. : '' . : . ", ■ i - v / ■ y ■ - ", ' V. ■
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1520 for pur© vitam in  A acetate in isopropanoL This showed a purity  

of "78.%. Cornpensation for the im purity was m ade in preparing the 

vitam in A acetate solution . The so lu tio n w a s prepared by d isso lv in g  

a w eighed amount of cry sta llin e  vitam in A acetate in a m inim um  volum e  

of ch loroform . This solution was added to a volum e o f cotton seed  o il 

to  giye a fin a l c oncentration of T 53 m g. v itam in A a ceta te  per/gram

o il. The o il solution was checked co lo r im etr ica lly  by the antim ony '

tr ich lo r id e  reaction  t8)V '' , /': /

- : E xperim ental A nim als . . - ' ■

/  A The an im als u sed  in th ese  s tu d ie sw e r e  albino rats of the \

Sprague -D aw ley stra in . At the tim e of w eaning, the young r a ts  w ere •.

put on the U. SVP. vitam in A -fre e  d ie t, and m aintained on th is diet 

throughout th e  cou rse of the exp erim en ts. The exp erim en ts w ere begun 

when a m ajority  o f  the rats •exhibited Sym ptom s of hypovitam inosis A. •

The ■symptoms used  for referen ce  w ere retardation  of growth, m u scu ­

la r  w eakness in the hind -qua f t e f  s  >- and c orn lficatioh  of th e  conj unctival 

t is s u e s .  : 'V a ' • / : ' ; '  : , :



Feeciing aiid 0Tipplemeiitation of A nim als '

The anim als w ere supplied food and w ater ad libitum  and tota l 

feed consum ption was m easu red  during the 14-day te s t  period . In the 

carotene s tu d ie s , one drop of carotene oil solution from  a ca re fu lly : 

.calibrated dropper was given to each rat daily  by m outh, s-p that each  

rat rece iv ed  64 m icrogram s of carotene daily s ix  days of the w eek for 

two w eek s. The rats w ere divided into four groups w ith equal numbers 

of m a les  and fem ales in each group. Group 1, the control group, 

receiv ed  only carotene as a supplem ent. Group 2 rece iv ed  carotene  

orally  and 1 m-g. of cortison e daily. Group 3 was given carotene and 

2 units , of .insulin^ daily. Group 4 w as given carotene and 1 m g. of co r  - . 

tison e and 2 units of in su lin  daily . In each c a se , the horm ones w ere  

given by in tram uscular injection . .

The carotene supplem ents and injections of co rtiso n e  and insu lin  

w ere  given at approxim ately the sam e tim e each m orning, s ix  days of 

the w eek  for two w eek s. At the end of the th irteenth  day the rats w ere  

fasted  for tw enty-four hours and s a c r if ic e d  by ether a n esth esia  at the  

beginning of the 15th day, •Livers and kidneys w ere  rem oved , blotted

C oftohe aceta te , M erck, Sharp and Dohm e, Philadelphia, Pa.

 ̂ h etin  (insulin),. E ll/L illy  & 0 6 . , Indiana, Ind. •



on filter  paper to rem ove blood, then frozen  with dry ice  and stored  in 

a  d eep freeze  at 15®G. until they could be analyzed for vitam in A co n ­

tent. A s im ilar  study w as conducted using a daily supplem ent of 32 

m icrogram s of v itam in  A acetate in p lace of carotene.

' V, A n a ly sis ; of Vitam in A  '

The frozen  liy er s  w ere allow ed to  thaw and w ere then sapon i­

fied by refluxing with 30 m l. o f l2% a lcoh olic  pptassium  hydroxide for  

25 to 30 m iu u tes. The saponified  liv er  was extracted  th ree tim es w ith  

30 m l. of peroxide -fre e  d iethyi eth er. The ether ex tracts  w ere  co m ­

bined and w ashed repeated ly  w ith d istilled  water until free  of a lk a li, 

dried  over anhydr ous sodium  su lfate, and diluted, to  a volum e of 56 m l. 

with dry , per oxide - fre  e ether. A lit|uois w e r e  pipetted  into cb lorim eter  

tu bes, evaporated to dryness under reduced p ressu re  and the residue  

d isso lv ed  in 1 m l. of dry ch ioroform . Two drops of a ce tic  anhydride 

w e r e  added to  take up any tr a c e s  of m oistu re  p resen t. Each tube was . 

placed'in  an •Evelyn co lo r im eter  (filter N o, 620} and nine m l. of C arr- 

E rice  reagent (22% antim ony tr ich lo r id e  in  dry ch ioroform } w ere added. 

.ltitarKin >d. concentration  was m ea su red  a s  a function of co lor  density  

and ca lcu lated  from  a standard curve obtained with crystalline: v itam in  

A a ceta te . A n alysis of kidneys for v itam in  A content was ca rr ied  out 

in  a m anner s im ila r  to  that em ployed for liv e r s . • '



RESULTS

Values for liv er  vitam in A when, rats w ere fed  caroten e w ere  

low er than expected , on the basis of previous work done in this lab ora­

to ry  (1). H ow ever, the d ifferen ces betw een the controls and the various' 

te s t  groups w ere highly sign ificant, as dem onstrated  by Student's 1 't 

te s t . Table 1 show s that although the th ree te st  groups differed  srgn if- 

icantly from  the co n tro ls, no  s ig n ifica n t d ifference was found among 

the te s t  groups th e m se lv e s , H ow ever, it is  evident that both insulin  

and cortison e have a defin ite d ep ressih g  effect upon the liv e r  storage  

of vitam in  A when carotene is  the food source of the vitam in .

; . Table 2 gives the resp o n ses  of rats to treatm ent with insulin  

and cortison e  when vitam in A acetate was used Us a Supplem ent. L arge  

d ifferen ces w ere found in liver, storage of vitam in A betw een fem ales of 

the control group and fem ales of a ll  th ree  te st  groups. In m a le s , how ­

e v er , very  little  d ifference w as noted in the grou p -receiv in g  co rtiso n e , 

but large d ifferen ces appeared in the group rece iv in g  in su lin , and in the 

group treated  with a  com bination of in su lin  and co rtiso n e .



T able 1

The E ffects of .Insulin and C ortisone on the Storage of Vitamin A. in  the L iver s and Kidneys of Rats 
- ;■ . When. Caroten'e Was Fed. ' . .

Group
: Number ' 

of 1 v Sex vV' '
■ ! ' : ' f : ; ' f ■ 
/r . 1 Mean W eights

■ )' : : • ■ . 
, • • . Vitamin A

1 Anim als ' 1 L ivers 1 . Kidne ys 1 L ivers 1 Kidneys
7 gm. gm ug m

Controls V 8 : ■ M - y - 7, 6 6 .• . ; 1. 63 . 11. 46 4 . 29* ' 9. 08,4 .1 0

' ' ' . /  ^y::; : -  :y 575S;-:: V. 1.30 17. 18 ^  . # 7 7- 5 .0 1  + . 16

C ortisone M 6. 70 1. 52 7. 07 4 . 07 6. 94 4 ,  1.4.

9 ' ■; . F .5,59-7'7- 1 .44 . 1 4 .37  4 . 8 0 3 . 7 1 4 . 1 6

Insulin :  . M ' ; 7 i'S477 ■ >, 1 .60 5,'75 4 . 07 6. 90 4 .16.

- : F ' ' y : 6>Al ; : ' ' yy i i . 4 3 : : ' i 2 v i 4  * v s a ; : 7 4.'6371 . 07

C ortisone y. m 7 7 ' -7 g ^ y y ;y , : l ,  .57": ■ , 6. 62 4  :. lo  : :7 3 ,4 1 .4  . 06 y
and • 

Insulin - f '' 9 .":5>S*y7v 1.36 ,12.17 4 . 3 8  ' I 4s 534 ■.-07 '7 "

Standard err'dr of the m ean.



T kble 2

Tl$e Effect's of Insulin and C ortisone on the Storage of Vitamin A in the L ivers and Kidneys of
. ^ \  - W a s - E e d / ' '

Group •
■ Number 1 

X - of \  ' ■Sex. ■ ' ' f Mean W"eights
1 - ; " . ;■■■• ' ' . ’ . ■ ' ■ 
, ' Vitamin A

. ' A nim als ' ; i. L ivers 1 Kidneys , 1 . L ivers ■ 1 Kidneys
gm \  ' Ftt : ag ug

Controls ■ M ; 8, 3.4 

. .6, 36

. 1. 64 '

■' ' -VViLAZ

60. 83 + ' , 7fi* . 

f  106. 38 L L  40:

6; 23 4 . 07 

2. 53 + . 03 ,

C ortisone ■ /M  > : 

• e  : 5. 00

: : ■L'2@:'  ̂

1, 31

' S5?:77':A: . 50 

•75. 97 4  , 97

3 ,  04 4 , 0 3 

2 . 3 9  4 . 0 2

• Insulin .6 -  - 4 . " M 7. 01 ; 1. 61 ; 169. 24 + 4 , 01 5 ,8 3  4 .2 2

6
F ' 7, 13 . ; 1. 72 222. 83 + 4. 2.7 ■ 4, 35 A; ,1 2

C ortisone ' ' 4 M ' a, 69 1. 82 L 153, 64 > 4, 4,7 ,7. 22 4  . 49
and

.Insulin F ' 6.20 L 6 6 151, 91 ±  1, 04- 4. 35 4 » 04

Standard error of the m ean.



DiSGESSieH

Bauereisen (7) reported that the daily administration of 0. 5 

unit insulinto guinea pigs stim'ulated the conversion of carotene to 

yitamin A . However, studies on liver storage of vitamin A in this, 

laboratory do not confirm this report, when rats were used as experi­

mental animals. Insulin decreased the amount oi liver vitamin. A stor- . 

age in rats given carotene, while insulin-treated rats given vitamin A 

acetate showed a lar ge IncreaSe in. Storage of the vitamin.- ■ This'Sug - 

geSts that insulin, inhibits the adtivity of the enzymes involved in the 

conversion of carotene to vitamin A.»

A p o ssib le  explanation of the d ep ression  of v itam in  A storage  

by cortison e is  that the horm one reduces t is su e  p erm eab ility  and thus 

d ecrea ses  the amount of absorption through the in testin a l w a ll. Studies 

on lip id  absorption by A dlers b erg (9), which show ed that cortison e  

defin itely  d ecrea sed  t is su e  p erm eab ility  to  lipids and lip id  -'Soluble 

m a te r ia ls , stron gly  .support th is v iew .

In the caro ten e-fed  rats (Table 1) no sign ificant d ifference w as ; 

found between the group r e c e ivihg a com bination ° i  in su iiu  and cortis  one



and tlie groups rece iv in g  only in su lin  or cortison e. This was .su rp ris­

ing because it was reasoned  that in su lin  should counteract the effect 

of co rtiso n e . T herefore it is d ifficult to  speculate what m echan ism s  

are involved in the effects  of th ese  horm ones on the con version  of 

carotene to vitam in A. As stated  in the "RESULTS", l iv e r  vitam in A 

was low er than expected  in the rats which w ere given caroten e. Had 

th ese  va lu es been h igher l  a la rg er  d ifferen ce m ight have been found 

bet we en the group given a com bination of cortison e and insu lin  and the 

' ;grpups ''Which w ere given only In su lin  br; certiaon e 1 ’ ; '

It is  well-knOWn that fem a les  sto re  greater am ounts of vitam in  

A.,in the liv e r  than do m a le s . In the vitam in A -fed  rats th is was found 

to be true in a ll c a se s  except 'when co rtiso n e  and in su lin  w ere given  

togeth er, fn th is ca se  no sign ificant d ifferen ce was found between  

m ales and fem a les . In the group- of m a les  treated  w ith cortison e a 

sligh t but sign ificant low ering of l iv e r  vitam in  A  was noted, while m a le s  

of the in su lin -trea ted  group show ed a great in crea se  in  the amounts of 

the vitam in stored , hi m a les treated  with insu lin  and cortison e  togeth er, 

the amount of liv er  v itam iu  A  was. found to be m uch g rea ter  thdn in co n ­

tr o ls , yet sign ifican tly  low er than in the insu lin  group. S im ilar /

- resp on ses w ere noted in the fem a les . The fem ales responded to tr e a t­

m ent w ith  co rtiso n e  m ore m arkedly than did the m a le s , With a large  

d ecrea se  in the amount of the vitam in s to re d  in the liv e r s ,, com pared to
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the control a n im a ls„ F em ales of the group treated  w ith both insulin  

and cortison e a lso  showed a greater d ecrea se  in the am ount of vitam in  

A  sto red  in the liTer s than did the m a le s  .

Table 2 shows that the d ifferen ces  in vitamin: A storage betw een  

m a les  and fem ales of the co rtiso n e  group are m uch le s s  than the d iffer ­

ences between the m a les and fem ales of the control, or insu lin  groups. ' 

The amounts of vitam in A stored  by m a les and fem a les  of the group 

receiv in g  com bined horm one treatm ent a r e  h early  eQual. T hese facts  

suggest that cortison e exerts. an effect upon the horm one balance of the 

fem a les . That is  to  say . Cortisone m ay  inhibit or antagonize the 

estrogen ic  horm ones and cause the fem a les  to u tilize  vitam in  A in a  

m anner s im ila r  to the maied* .. : v , .

Table 2 a lso  shows that insu lin  caused  an in cr ea se  in the amount., 

of liv e r  vitam in A in both m ales and fem a les . T h ese findings are not 

in agreem ent with the work of Dane re is  en (7)’, who found that in guinea 

pigs the daily ad m in istration  of 0. 5 unit insu lin  cau sed  le s s  of the fed  

vitam in to be s to red  in  th e  liv er . The d ifference in  sp e c ie s  m ay  

account for th is d ifferen ce . The in crea se  in liv er  s to res  of vitam in A 

in both m a les  and fem ales of the group which rece iv ed  in su lin  suggests  

that in su lin  in c r e a se s  th e pefm eaibility of the in testin a l w a ll, perm itting  

a greater amount of the vitam in to  be absdrbed and stored . Park et a l.



(.10) have shown, in studies an the uptake of sugars by rat d iaphragm s, 

that insu lin  in crea ses  the transport o f su gars a c r o s s 'the c e l l  m e m ­

brane s „ T hese findings lend support to the view  that in su lin  in crea ses  

the p ern ieab llity  of the in testin a l w all to  vitam in A. : • , ' -

Kidney Storage of Vitam in A

> Although the studies .show that sign ificant am ounts of vitam in A  

are p resen t in the kidney's of both carotene and vitam in A supplem ented  

r a ts , d ifferenoes between te s t  .g '̂bhp  ̂ hnd CQntrdls Were not great 

enough to- be of any rea l s ign ifican ce. It is  in terestin g  to  note, how­

ever , that in  both carotene and vitam in A supplem ented r a ts , th e m a le s  

con sisten tly  Stored m ore v itam in  A  in the kidneys and le s s  in the liv ers  

than did the fe m a le s . Kaica (1) reported  sim ila r  find ings. The un i­

form ity of resp on se in th ese  experim ents suggests that it is  a ch arac-  

ten istio  Sex d ifferen ce. .. .



: V,:" ' ‘ ; ;; GOMCMJSiPNS ;' ‘ :

Insulin cSluses a d ecrea se  in the amount of v itam in  A  stored  in 

the liv er s  of rats receiv in g  carotene as a source of the vitam in. When 

vitam in A acetate is  given, insu lin  nans es a great in crea s  e in liv er  

vitamiri: A, C ortisone d ecrea ses  liv e r  storage of the vitamin: when  

either carotene or vitam in A acetate is fedt When in su lin  and cortison e  

are given in com bination, liv er  vitamin. A in carotene - le d  rats is. not 

Significantly different from  rats trea ted  with only co rtiso n e  or insu lin . 

Vitamin A -fed  rats receiv in g  a com bination of the two horm ones s to re  

m ore o f  the vlt^^iR  than rats given only cortison e , and le s s  of the v ita ­

m in  than rats given only insu lin , show ing that co rtiso n e  counteracts to  

som e degree the effect of in su lin  upon vitam in  A storage in the liv er .

14
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