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INTRODUCTION

Ascorbic acid has long been associated with the adrenal cortex.

This vitamin was first obtained (31) and identified (12, 13, 33) from

the adrenal cortex about 20 years ago. Since then, numerous studies have

probed the role of the vitamin at this site. It has been suggested

(10, 23, 2U, 27) that ascorbic acid may act as a coenzyme In the

biological oxidation which produces the oxy-type of the adrenal steroids.

Several years ago, Heard, Sobel and Venning (8, 9) applied the reduc-

tion of phosphomclybdic acid forming molybdenum blue to the quantitative

estimation of small quantities (100 gamma) of reducing steroids of the

adrensl cortical class. The degree of reduction as recorded by the spectro-

photometer due to these steroids is an inverse measure of the oxidation

state of these steroids.

The effect of varying vitamin C in the diet of the albino rat upon the

reducing capacity of the adrenal steroids was tested in our experiment by

the above procedure. Should the vitamin act as a coenzyme in the production

of the oxy-type steroids, a trend toward decreasing reduction should be

noted at higher dietary vitamin C levels.

Further, this gland is intimately involved with the general-adaptation-

syndrome (28), a series of morphological and biochemical changes governed by

the adrenal cortex rnd stimulated by non-specific stresses (29). Numerous

studies hive been made of the effects of stress upon the secretion of

various adrenal substances. These affirm a marked ascorbic acid loss by

the adrenal cortex following ACTH administration (10) . Further there is

a 700 per cent increase in the adrenocortical secretion of the il-oxysteroids

(32). These reactions would be expected if the coenzymatic role postulated

above for the vitamin were valid.
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If such a role does exist, increased vitamin C should result in increased

cortical hormone. Glroud >nd co-workers noted that cortical hormone production

was enhanced by vitamin C administration (3, U, 5). F rther, increased

ascorbic acid intake, in providing more hormone, should enable an ?nlnwT to

withstand stress better. Large doses of ascorbic acid intake in the rat

and guinea pig completely prevent the adrenal hypertrophy normally resulting

from chronic exposure to cold (2). In the second phase of this experiment

we tested the response of rats on varied dietary vitamin C levels to

etherization stress (l/.)

.

HISTORICAL BACKGROUND

About 28 individual crystalline compounds have been isolated from

extracts of the adrenal cortex. Exhaustive studies have characterized these

as steroids (17, 18, 19, 25, 26, 34, 35). Five have been character!zed

as being profoundly physiologically active, but their activities vary

widely according to the response being tested. In addition, an amorphous

residue is left from these extracts which is yet uncharacterir.ed and which

shows considerably more activity than the crystalline substances. The

formulae of these five identified active principles are shown on the

following page.

Giroud and Santa (3, A, 5) reoeatedly observed that ascorbic acid

administration favored the production of adrenal hormone in the guinea oig

as determined by the carp-scale melanophore - contraction reaction.

These workers also claim (6) ascorbic acid is necessary for the normal

secretion of cortical hormone. This secretion increases with increased

ascorbic acid content. The correct functioning of the cortical cells

demands a certain optimum level of vitaminization.
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Cortlcosterone °Desoxycorticoaten

H^e^ro,17-*ydro«ycortioo8tercoe
(Cortisane, Heichstein's Compound Fv
Kendall's CoMpoend £)

Ascorbic acid

Intermediate proposed by Lowensteln
and Zwener (16)
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A number of considerations suggest that the true nature of the cortical

hormone may be a glycoside with the steroid moiety as the aglycone. It

may be linked to either a carbohydrate or ascorbic acid. Evidence for

such a combination is threefold J

1. The isolation of such a substance from the gland. Lowenstein and

Zwemer (16) have isolated such a compound from aqueous extracts of the

adrenals. The formula of this compound is shown on the preceding page.

2. The nhy3iological activity of similar substances. The naturally

occurring cardiac glycoside, strophanthin, was suggested by Fieser as

bearing a close resemblance to the structure of the above postulated

intermediate (36) . The following similarities were nuted between cortin

and this and other cardiac glycosides:

ACTIVITY CORTIN CARDIAC GLYCOSIDES

Lowers plasma potassium yes yes
Lowers plasma snec. grav. (proteins) yes yes
Raises blood sugar yes yes
Favors polymorph increase yes yes
Protection against lethal potassium yes yes
Protection against insulin death yes yes
Protection against diphtheria toxin yes yes

3, Adrenal steroids display a more pronounced effect on the carbohydrate

metabolism of the rat (15) than in man (7). This difference may lie in

the ability of the rat to synthesize its own ascorbic acid. Since this

early work several steroid glycosides have been isolated, synthesized,

and are believed to occur naturally in this form. They are the

tetraacetyl-^-D-glucoside of desoxycorticosterone (ll) and desoxycorticosterone-

6-(S-lactosido)-D-giucoside and its derivatives (22).
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i^RD&KTAL PRGCiDUKLmm i

Laud, i'ifty young ml« albino rata, weighing UO-160 gran

were purchased Aran Sprague Davley Inc., Madison, 5, Wisconsin* Thoy ware

maintained in individual rat cages with wire bottoms* They were watered

daily and fed every two jays, 29 grass at each feeding, enough to insure

normal growth with no excess left in the dishes after 48 hours*

JftJiljgU,* 'Ihe basal ration was ground lab chow pellets (PURIXA) *

The various levels were supplemented with ascorbic acid amounting to

C, 15, 30, 45, and 60 ag*/duy/rut* Those ration mixtures were prepared

at ten day intervals*

;>aftrtfioe o£ Ani^a. After 20 days on such rations, the animals

were sacrificed by injection of 1 cc. of a pentobarbital sodium solution

in alcohol (KjJIHUTaL) * This manner of sacrifice was adopted as one which could

be uniformly administered to all animals, and which is not an adrenal stress

(14) causing alarm reaction secretions (19, 25)*

taOOKUiim s£ 2l&sm» The adrenals were removed within 30

zolnutes following the injection* After being weighed, they were placed

in 1 oc. ethor-chlorofora U»l) solution in individual 3" glass test tube,

stoppered, end stored in a freeser until all the adrenals had bean removed*

They were subsequently ground in the ether-chloroform mixture in the same

tubes by an eleotrioally powered revolving glass rod. The samples were

replaced in the freeser and allowed to stand for cne week by which tins

the undissolved material had settled out, mostly clinging to the sides

of the tube. Under these conditions, des^nnjsortioosterone and other

steroids remain stable for many months (8) . The ether-chloroform solution

was then decanted for fractionation*
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Finntfl ^-ypp. The ether-ohlorofonn solution wi decanted into a

10 oe. graduated cylinder and diluted to 3*0 cc. with ether-chloroform

solution. This was then shaken with 2.5 cc. of cold 0.1 N Sodium hydroxide

solution (aqueous). Two layers formed. One cc. of the clear lipid fraction

(top) was pipetted into a clean 3" glass test tube where it was permitted

to evaporate. The residue was dissolved in 3 cc. glacial acetic acid.

The water soluble fraction required 10-15 minutes to clear. One cc. of

the clear solution was removed by pipette and placed in a test tube. Just

prior to analysis 2 oc. of glacial acetic acid were added.

Iflyy^ryiifi oX Sfroifl Redupjiu? Cfpfeltv - Theory. The reduction of

phosphomolybdio acid in an acetic acid medium by adrenal steroids is not

appreciably influenced by atmospheric oxygen. The development of the

molybdenum blue color proceeds rapidly (within a half hour) at 100° C.

After this, the intensity gradient falls off sufficiently to permit ob-

taining reproducible results at any arbitrarily chosen time thereafter.

Beard and uobel (8) chose 1 hour as the heating time and the same period

was adapted in our studies. Under these conditions, optical density read-

ings at the same concentrations agree within j£2$. Further, Beer's Law

has been verified for the analysis by this method of a large number of

steroids, including cortisone end deoxycorticosterone. German workers

have used the same analysis (30).

The strongest reducing capacity of the ketosteroids was exhibited by

the primary oc-ketol group which is attached to the 17 position of all

these compounds.

a tertiary hydroxy1 group at C17 as in cortisone is non-reducing.

Actuallyf its presence diminshes somewhat the reducing power of the

« -ketol group (8) • Acetylaticm of the primary alcohol also slows reduction.



7

Oxidation, forming a ketonic oxygen at C^j or adversely influences the

reducing capacity.

In view of these effects, if vitamin C contributes to the oxidation of

positions 11 or 17, reduced reduction is expected.

No work has been reported on the effect of the glycoside linkage on

the reduction by steroids.

Preparation q£ Ke

a

gent . 100 g. of sodium molybdate were dissolved

in 200 cc. distilled water, and 110 cc. of 85$ H-,P0^, 60 cc. distilled

water, 20 cc. concentrated H
?
S0^ and 4.0 cc. glacial acetic acid were added

with stirring.

Method o£ Co}or Development £fl.tsnPlnaUor,» Xt was found advisable

to perform the following prooedure on all the water fraction samples and

blank as a group and proceed similarly with the lipid fractions. This

procedure avoided the ^reparation of an excessive number of blanks and

frequent alterations of zero ridings on the colorimeter.

Three cc. of the sample fraction to be analyzed were introduced into the

bottom of a 6" test tube, iwo cc. of the reagent were then added and, after

admixture by shaking, the tube was placed in a boiling water bath for exactly

60 minutes. On removal it was immediately cooled (30 seconds in a stream

of cold tap water), and the contents were quantitatively transferred with

8 cc. of the reagent to one of a paid of matched colorimeter tubes. The

air bubbles which form when the reagent is added required about 90 seconds

to rise to the surface because of the viscosity of the solution. The

optical density was then read within the next four minutes at 655 millimicrons.

A blank determination with 3 cc. of the glacial acetic acid (or 2 cc.

glacial acetic acid plus 1 cc. of 0.1 N Na0H solution for the aqueous blank)

and 2 cc. of the reagent was run in the same manner, serving as controls
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for the adjustment of the colorimeter to zero optical density. The blank

solution absorbed very slightly in the range measured, but the optical

density remained constant regardless of the period of heating.

LXPERIMLKTAL PRCCiDUKE
PHASE II

i. Jgaeji. 24 albino rats of both sexes from our own laboratory

stock weighing 150-200 g. were used. Six groups of U different dietary

ascorbic acid levels each vers Maintained. The four animals in each group

were, as far as possible, litter mates of the seme sex. They were main-

tained in individual rat cages with wire bottoms* They were watered daily

and fed every two days, 29 grams of feed at each feeding - em amount

sufficient to insure normal growth with no excess feed left in the dishes

at the end of the £8 hour period.

&dUL0Bft* Tbe basal ration warn ground lab chow pellets (PURINA). The

various levels were silpplementoil with ascorbic acid amounting to 0, 5, 10,

•»d 15 mg./day/rat during the second portion of this phase. These ration

mixtures were prepared at 10 day intervals.

Trnntatnli SL Aw<M

1

* No supplementary ascorbic acid was fed to any of

the rata for 25 days. After this period they were etherised three times

and their recovery times noted. Afterwards the animals were placed on

different levels of the nutrient for 25 days and were etherised three times

as before. About 90 minutes elapsed between subsequent other!zings on

the same animal.

The animals were etherised in 6 groups of 4 animals each. The rats,

one from each dietary level, were placed in an etherizing dessicater

together, in this way subjected to equal concentrations of ether. Fifty
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cc. of ether were placed in the bottom of the dessicator and the lid

closed. The aninal3 were left in the ether atmosphere for 2 minutes,

removed and placed in a liberal supply of fresh air. The "recovery time"

was MUlWd as the time elapsed between removal of the animal from the

dessicator and the first bodily movements which persisted for 5 seconds.

(Reflex twitches generally last less than 5 seconds.) Choosing an

indication of consciousness is quite arbitrary.

STATISTICAL METHODS EMPLOYiD
PHASE II

For various reasons, such as the difference in age of rats between

the first ,and second treatments of ether, ether atmosphere differences in

the dessicator, etc., there resulted ft longer recovery period the second time

the rats were etherized. One rat in each of the six groups received no

supplementary vitamin C at any time. Since it was subject to the same con-

ditions as the other three of its group, it was assumed that the difference

in its recovery time would have been the same as the other three members

if they had received no vitamin C. Therefore it was used as a control.

For example, if under one set of etherizing conditions, a control

rat took 110 seconds and under the second took 94 seconds, 16 seconds

would be added to the second readings of all rats in tliat same group. This

16 seconds would be our "correction factor" for that entire group.

EXPERIMENTAL RESULTS - PHASE I

For the aqueous fraction, as the dietary vitamin C increased, the

optical density of the molybdenum blue solution formed (degree of reduction)

per 100 mg. adrenal tissue decreased (Fig. l) . There was no apparent

difference resulting from ascorbic acid dietary level differences in the

lipid fraction (Fig. 2). (Also see tables 1 and 2)

.







According to Dr. H. C. Fryer, Kansas State College statistician, it

can be said that the variation between individual results on the saw

levels do not permit quantitative estimation of the differences in reduc-

tion for the levels. Hov-ver, the results do warrant the conclusion

of a definite trend in the aqueous fraction that is, as dietary vitamin C

increased, reducing power of the extract decreased. If the individual

results furthest from the medium on each level had not occurred, the trend

would not be altered.

EXPERIMENTAL RESULTS - PHASE II

The individual results are too widely spaced to permit quantitative

estimation of the differences in recovery time at the 5, 10, and 15 mg.

/day/rat levels. How^vsr, 12 of 18 rats receiving vitamin C supplement

benefit+ed in recovery time when compared to control animals. Those

receiving no vitamin C required an average of 79 seconds acre recovery

time under the second set of conditions. Those receiving the supplement

of the vitamin required only 42 seconds more (Tables 3 and A) .
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DISCUSSICfl

PHASE I

That* is a question of the identity of the substance (s) in the

aqueous fraction which oausos the redxction of phoephomolybdio acid.

It appears tiiat increased vitamin C Intake results in lowered levels

of thia substances (s).

lhe aubstance(s) is othor-chlcrofona soluble but more soluble in

dilute aquooua alkali. "The solubility of the adrenal hormones in these

solvents is very swell, if at all* However, desoxyeorticosterone is

uelieved to occur in the glycoside form. Iheee glycosides are freely

soluble in water and are soaevhat soluble in ether-ohlorofona solution.

It is probable that traces of the steroids are soluble in the water.

However, aost of then are more soluble in the lipid fraction than in the

aqueous portion. Cortisone is a possible exception. It is slightly

aore soluble in water. It nay be noted that some of these steroids are

present in urine, and are in aoino form, at least, water soluble.

DISCUSSION
PHASE II

Differences in response between individual animals do not permit

distinguishing between the effects on the three supplemented levels of

the vitamin. However, two-thirds of the animals with supplementary vitamin

C intake benefitted in recovery time following etherization compared to

control animals. These results are in accord with work showing



vitnain C Is beneficial to animals under various stresses (1, 2) and

with other findings indicating sobs connection between ascorbic odd

and the biosynthesis of oortical hormone (10).
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SUMMARY - PHASE I

The reduction of phosphomolybdic acid to molybdenum blue by steroids

of the adrenocortical class was used to test the effect of increased

dietary ascorbic acid upon the ojty-steroid content of this gland.

Increased ascorbic acid intake resulted in a lowered reducing capacity

of the aqueous fraction formed by washing an ethor-chloroform layer with

dilute alkali. The ether-chloroform extract showed no significant difference

at varied levels of the vitamin.

SUMMARY - PHASL II

Rats were fed no dietary supplement of ascorbic acid for 25 days,

etherized and their recovery times noted. Afterwards , they were placed

on different levels of the vitamin and again etherized. Two-thirds of

the rats on vitamin C supplemented diets seem to benefit in recovery as

measured by control animals.

CONCLUSIONS

Increased dietary ascorbic acid results in a lowered reducing capacity

by the aqueous extract of adrenal tissue, indicating an increase in the

oxy-type steroid. This is in accord with a postulated coenzyme role for

vitamin C in the production of these steroids.

Increased dietary vitamin C seems to aid rats in recovering from the

stress of etherization.
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TAHLi. I

OPTICAL DEHSITX READINGS - WATLR FRACTIOH

Mg. Vit. C/day t t O.D./lOO mg. adrenal

J tiaauc

Adrenal Weight t Optical

t Penalty

o
o
o
o

15
15
15
15
15
15
15
15

30
30
30
30
30
30

45
45
45
45
45
45

60
60
60
60
60
60
6C

44.0
39.4
40.8
44.6
43.5
42.3
37.8
41.7

44.6
35.2
37.2
40.3
40.3
41.1
36.1
49.0

45.3
tt.l
41.1
4C.1
43.3
41.2

39.6
48.0
40.4
38.1
43.3
41.2

44.7
41.1
47.2
40.7
40.0
37.3
48.0

.164

.162

.167

.159

.152

.172

.132

•109

.120

.136

.142
•114
.133
.163
•122
.152

.136

.130

.112

.112

.085

.103

.082

.126

.108

.119

.108

•091

•Oil
.( 98
.128

.099

.101
•096
.142

.373

.411

.409

.356

.350

.407

.349
•262

Median - .36^5

.269

.386

.382
•283

.330

.396

.338
•310

Median - .13AP

•300

.335

.272

.279
•196
.250

Median - .2755

•207
.263
.267
.312
.249
•238

Median - .^ffi

.199

.219

.271

.243

.252

.241

.330

Median - .2130
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TAi&E II
CPHCAL DENSITY READINGS - LIPID FRACTION

Hg. Vit. C/day i Adrenal Weight

1 , i»Ci)

i Optical

- ,! Penalty.,,

t 0.D./100 Bg. adrenal

_J ttMUB

42.0 .466 1.109
42.3 .392 .927

43.5 .508 1.169
42.3 .321 .758

44.6 .450 1.009
39.4 .309 .784

41.7 .510 1.223
Median - l.OQQ

15 36,1 .352 .975
15 49.0 •382 .779

15 41.1 .441 1.073
15 40.3 •343 •850
15 40.3 .550 1.365
15 39.6 •418 1.056
15 35.2 •299 •649

Median - .075

30 41.2 •373 •905
30 34.6 •440 1.272
30 40.6 •446 1.099
30 43.3 •343 .792
30 40.1 •389 .972
30 38.8 •490 1.263
30 41.1 •310 .754

Median - .<372

45 44.4 .462 1.041
45 38.1 .450 1.181
45 36.7 .410 1.118
45 46.1 .409 •887
45 39.9 .536 1.344
45 48.C .570 1.188
45 43.3 .324 .748

Median - 1.118

60 37.3 .366 •981
60 36.9 .357 .967
60 35.0 .352 1.001
60 42.1 •488 1.159
60 40.0 .330 .825
60 47.2 •468 .992
60 44.7 .4*5 1.087
60 35.6 •440 1.236
60 41.0 .480 1.171

Median - 1.001



23

4» «

'£$8 °$£S °$r$S

i m&$ sm m§ $m

li am m$ m% nm

IT> VA IA W\ Nf ->t ^ Sf IAIAIAIA IA VMA IA IA IA IA IA IA IA IA IA
C-^^f- 2222 Id 2222 HHHH
-V*k>kH. I I I I I I I I

t IA IA IA O t^JOg Q CO IA Q «J3 «A O CM *tf CM >sf IA »A Q «A >A

f &$c§8 £$5$ SS^S 8§$8 $8$$ assa

0m%Sh OIA
SJQ ° ^ S h ow>Sh ° ^ S *J

o «a o ja

HHHH CM CM CM CM C\O C"\<FN IA IA IA IA \0<fivfi^



TA31£ IV

(--)

Dietary Vitaadn C

per day prior to
—oond etherizing

Average recovery
time - first
etherising
ttetftoJ

(c)

Average recovery
time • second
etherizing

(d)

difference

(seconds)

223 296 73

5 283 322 39

10 315 390 75

15 320 333 13

5, 10 & 15 combined 306 348 42
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A number of studies have indicated that vitamin C, ascorbic acid, may

play an important role in the biosynthesis of the oxy-type cortical steroids.

Further, since these steroids are intimately involved in the general adapt-

ation of an animal to stress, it might be expecteu that increased dietary ascor-

bic acid would result in increased ability to survive stress. To teat the

validity of these hypotheses, we performed two phases of experimentation!

PHASE I - The effect of dietary vitamin C on the level of the oxy-steroids

in the adrenal tissue of the albino rat w&s tested by the reduction of phospho-

molybdic acid to molybdenum blue by these steroids. The intensity of the color

produced was measured with • colorimeter.

A chloroform extract was made of freshly ground adrenal tissue. This

extract was shaken with 0.1 N NaOH (aqueous) and both layers which formed on

stanaing were analyzed by the above method. Although the lipid fraction showed

no ^significant difference;, at the various dietary levels of the vitamin, the

alkaline aqueous solution indicated that as dietary ascorbic aciu increased,

cortical steroidal reducing power in this fraction, at least, decreased.

PHASE II - Rats were maintained for 25 days with no supplementary vitamin

C. They were tnen etherized and their recovery times noted. After this, the

animals were placed on various d.etary levels, namely, 0, 5, 10 and 15 mg./day.

Again they were etherized and their recovery times noted. Those receiving no

vitamin C requirea an average of 79 seconds more recovery time under the second

set of conditions. Those receiving the supplement of tne vitamin requirea only

42 seconds more. Variation was too wide to cite any difference in improvement

among the top three levels of vitaminization.


