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INTRODUCTION 

The existence of a principle in extracts of the adre

nal cortex, active in pro'longing the lives of adrenalecto

mized animals, was firmly established in 1929 by the work 

of Steward,.!!•!.!• Many laboratories set out to isolate 

the pure crystalline substance from the adrenal cortex; 

however, it was not until 1936 that W1ntersteiner and his 

co-workers isolated several diff erent crystalline sub

stances, most of which were shown to have twenty-one car

bon atoms (23). 

In 1937, Reichstein provided experimental proof that 

these compounds were adreno-steroids. By the end of 1937 

the name "Cortin" was given to the four different but close

ly related compounds: corticosterone, 11-dehydrocortico

sterone, 17-hydroxy-ll-dehydr ocorticosterone and 17-hydroxy

corticosterone. Within the next few years, two more com

pounds were added to the list as possessing "cortin activ

ity"; these were 11-desoxycorticosterone and ll-desoxy-

17-hydroxy-corticosterone. The main credit for the iso

lation of the adrenosteroids must be given to Reichstein 

and his colleagues for their brilliant research which pro

vided the world with a extensive knowledge of the cortical 

steroids and with elegant methods for separation of the 

pure steroids and for the commerica l preparation of these 

active substances (14, 15, 23). 
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Two of the most active steroids obtained from the adre

nal gland are corticosterone which seems to be directly re

lated to carbohydrate metabolism (l, 3, 11, 15, 24), and 

desoxycorticosterone which has been prepared s ynthetically 

and is widely used therapeutically. Although desoxyeort1co

sterone does not have a favorable effect on carbohydrate 

metabolism, it is more powerful than cort1costerone in its 

effect upon the electrolytic balance of sodium and potas

sium (1, 3, 5, 8, 11, 16, 24). 

In 1885, Thomas Addison, an English physician, observed 

that patients with the following symptoms: (l) general lan

guor and debility, (2) remarkable feebleness of the heart 

action, (3) irritability of the stomach, (4) peculiar changes 

of skin color, (5) low blood pressure, (6) lowered basal 

metabolic rate, (7) subnormal temperature, and (8) a distur

bance in t he water and electrolytic balance, had an atro

phied adrenal. At the time of his discovery, very li t tle 

was known of the adreno-stero1ds; however, since that time 

it has been found that Addison's disease results from an 

insufficency of the adreno-steroids. It has also been found 

since his time that the disturbance includes a loss of Nl 
and Cl-, and an increase in K+ ions, thereby affecting the 

kidney and resulting in urea retention (8, 16, 24, 32). 

In order to correct the disturbance of the water and 

electrolytic imbalance, Loeb, et•tl· (27) found that NaCl 

alone was of immense value to the sufferers of Addison's 
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disease; however, today the usual treatment consists of 

combining the salt with desoxycorticosterone. This treat

ment corrects the electrolytic and water imbalance by 

causing a retention of sodium and returning the blood 

serum level to normal (8, 24, 27, 32). 

The adrenal cortex has a high concentration of both 

cholesterol and ascorbic acid. It is believed by a number 

of investigators (4, 18, 19, 24, 33, 35, 36) that choles

terol is a precursor of the steroid hormones elaborated by 

the adrenal cortex. In 1946, Sayers showed that when ani

mals are injected with ACTH the adrenal cortex is stimulated• 

thereby causing a decrease of both cholesteroland ascorbic 

acid in the adrenal cortex, indicating that they are used 

up in the formation of the hormone or hormones. It is a 

well known fact that when the guinea pig has scurvy marked 

changes develop in the adrenals. The cortex of this gland 

is rich in hexuronic acid which was noted by Szent-Gyorgri 

(36); however, King (22) later showed that this substance 

was Vitamin c. This substance, now known as Vitamin c, 
ascorbic acid or cevitamic acid, was later synthesized by 

Haworth, Hist and Riechstein (14). Its absence in the body 

gives rise to a disease known as scurvy, a disease charac

terized by the following syndromes: anemia, pain in the 

joints, hemorrhages from the mucous membrane of the mouth 

and gastro-intestinal tract, skin, muscles, and a failure 
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in the formation and mainteance of intercellular material 

which in turn causes loosening of the teeth, poor wound 

healing and easy fracturability of the bone {14, 18, 25, 26). 

The biochemical function of Vitamin C is still unlmown; a 

number of investigators have shown that a large quantity of 

Vitamin C 1s found in the adrenal cortex. Further, it has 

been shown that under the stimulation of ACTH Vitamin C is 

rapidly depleted. A similar depletion of Vitamin C is noted 

when experimental animals (guinea pigs) are injected with 

large quantities of diptheria toxins. In addition, increased 

losses of Vitamin C results in infection and fever. These 

observations suggest that the vitamin may play an important 

role in the reaction of the body to stress (13, 18, 27, 25, 

26). 

Shaffenburg, et•!l• (32), have pointed out the inter

relationship between ascorbic acid and cortisone, and be

tween ascorbic acid and desoxycorticosterone in the distur

bances of collagenous tissue. They have shown that when 

Vitamin C deficient guinea pigs were treated with ascorbic 

acid plus cortisone, the severity of scurvy was reduced; 

however, when Vitamin C deficient guinea pigs were treated 

with ascorbic acid plus desoxycorticosterone the severity 

of scurvy was increased in all respects. In addition, the 

workers have reported that adrenal tissue taken from ani

mals on a cortiaone-asc·orbic acid regime contained greater 

quantities of ascorbic acid than adrenal tissue taken from 
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an1 a l s on an ascorbic acid-desoxycorticosterone regi me. 

As a result of extensive research, it is believed by Shaf

fenburg that adrenal insufficiency and Vitamin C daficency 

are similar (32) . 

It is thought well worth while and valuable to make a 

study of the adreno-steroids and ACTH as they influence the 

deposition of ascorbic acid in the adrenalectomized animal 

for the following reasons : (1) the wide interest in the use 

of the adreno- steroids in the treatment of collagenous dis

ease; (2) the belief that ascorbic acid is important in in

fluencing the metabolism of the adreno- steroids, and (3) the 

belief that ascorbic acid is important in maintaining the 

integrity of collagenous tissue . 

In recent years a great deal of work has been done in 

order to determine the effects of the adreno- steroids and 

ACTH upon the deposition of ascorbic acid in the normal ani

mal; however, very little work has been done t o determine the 

effects of the adreno- steroids and ACTH upon the deposition 

of ascorbic acid in the adrenalectomized animal. Hence, the 

author believes that such a study may contribute to a better 

understanding of the mechanism by which the adreno-steroids, 

ACTH and ascorbic acid; may be effective in the treatment of 

certain adrenal disorders and collagenous diseases . 

Experimental evidence a grees that rats are able to syn

thesize Vitamin C6 whereas human beings are not (32). The 

question then arises, "do the adrenal glands play any sign11'-
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!cant role in the production of Vitamin C in the rat, 11 if 

eo, "to what e:xtent would the deposition of ascorbic acid be 

changed in various body tissue when the glands are re

moved"? With the forestated thought in mind, this report 

is designed to describe: 

1. the physiological and morphological changes fol

lowing adrenalectomy. 

2. the physiological, morphological and biochemical 

changes following the administration of the adreno

steroids and ACTH. 

3. the deposition of ascorbic acid in various body 

tissues in the adrenalectomized rat following the 

injection of adreno-steroids and ACTH. 

4. the moat effective variation of the adreno-ateroids 

and ACTH upon ascorbic acid deposition. 



MATERIALS AND Kl!;THODS 

Weanling albino rats of the Agricultural and Mechani

cal College of Texas stra1n1, which were fed Purina Dog 

Chow, were employed 1n this study. At approximately six 

to seven weeks of age these rats were separated into groups 

and placed in metabolic cages for supplementation of 0.9% 

NaCl for three days. At the end of the three day period 

these rats were adrenalectomized bilaterally according to 

the method of D1 Amour and Blood (7). After each rat bad 

been marked for identification purposes, its weight was 

recorded. Se~en days after adrenalectomy, each rat re• 

ceived per day 10 mgs. of ascorbic ac1d2 per 100 grams of 

body weight for four days. The control group received as• 

corbio acid 9nly as a supplement, and the experimental group 

received with ascorbic acid daily intramuscular injections 

of either 5 mgs. of DCA3 , 2 mgs.of cort1sone4 ; 5 DU of ACTH5 , 

or a variation of the three for four days. During the ex

perimental period each rat was allowed food and water "ad 

lib". -
1K1ndly donated by Dr. L. R. Richardson, Biochemistry 

Department, Agricultural and Mechanical College of Texas. 

2K1ndly donated by Dr. E. E. 0 1Ban1on, Chairman, Nat
ural Science Department, Prairie View Agricultural and 
Mechanical College of Texas. 

3The source of DCA was the Houston Prescription House, 
809 Fannin st. Houston, Texas. 

4Jb1d. 

5Ib1d. 



8 

At the termination of the four day experimental period 

each rat was sacrificed by means of a cardiac puncture, 

then the blood, tissues and organs were removed and, after 

pooling each group, analyzed 'for the presence of ascorbic 

acid. The following tissues and organs were analyzed for 

ascorbic acid: blood, brain, liver, spleen, skeletal mus

cles and adipose tissue. Homogenates of the pooled tis

sues were prepared in 2% metaphosphoric acid-6% trichloro

acetic acid mixture •in a aring blender, then centrifuged. 

The supinate was titrated with 2,6-dichloro-benzenoindo

phenol dye for tissue-ascorbic acid. Ascorbic acid in 

the plasma was determined by the method of Farmer and Abt 

(16). 

This experiment, involving 96 rats was designed to 

describe the influence of the adreno-steroids, DCA, corti-
-

sone, and ACTH upon the deposition of ascorbic acid in 

the tissues of adrenalectomized rats. 



OBSERVATION AND RESULTS 

Out of a total of ninety-six rats used in this research 

problem fifteen died as a results of adrenal insufficency 

or operative technique. In the group which died the fol

lowing symptoms were observed after adrenalectomy and during 

the post ope rative period: loss of appetite, diuresis, weak

ness, muscular paralyses, convulsions and death. The cause 

of these symptoms and death were traced to adrenal insuf

ficency and open.tive technique. Post morten examinations 

of this group revealed a congestion of the gastro-intestinal 

tract, anemia, dehydration of t he skin and visceral organs, 

and enlarged kidneys. On the other hand, the surviving ani

mals showed marked variations in physiologica l and morpho

logical changes after the admini s tration of the adreno-ster

o1ds and AC TH (see Table I and .~igure 1). 

Table I presents data of the initial and final weight 

of each group before and after supplementation. Experi

mental evidence from this l aboratory revealed that the ani

mals treated with ascorbic acid only showed an average de

crease of 2.2 grams; the group receiving ascorbic acid plus 

cortisone showed an average decrease of 11.3 grams; the 

group treated with ascorbic acid plus ACTH showed an aver

age decrease of 6.5 grams over a four day injected period. 

The above supplementations seem to act antagonistically to 

a gain in body weight. However, it is of interest to note 

that the ascorbic acid plus DOA treated group showed a mark 



Table I: Showing the Physiological and ~o holo ::.cal Chune;cs a •, Influenced by Ascorbic Acid, Deso:xycor-
ticostero~e Acetnte 2 Cortisone Acetate ru.d ., CTR. 

0 
.--i 

Group Number of Experimental Average Initial Average FinaJ. Average Hair Coat 
Animals Period Weight (gms ) Wejght at Weight Weight gained 

Adrenalectom:r or lost 
1. Control-

Ascorbic 1 5 11 days 102. 6 124. 4 121. 5 -2. 9 Smooth 
Acid(only) 2 5 II " 96. 4 llf' . 2 116. 7 -1. 5 Smooth 

Average 2 " II 22 •2 121. ,2 112.1 -2. 2 &nooth 

2. Ar.cor1ic Ac. l 4 11 II 102. 4 12. 0 137. 7 15 . 7 &nooth 
+ DCA 2 !Jr. 

II II 22•.2 12. ,2 lliP-.2 1:z. 2 &looth 
Average !J: II II 22 -tt 121. 2 128. 0 16.tt &loath 

:3 . Ascorbic .Ac.I 5 ii Ii 103. 0 130. 0 120.4 -9.6 Rough 
+ Cortisone 2 

~ " II 68 I~J 8~. 6 -12.§ Rour 
Iverae;e II II S2.2 ro: .o -II! Rou h 

4. Ase .Ac., (' J. 4 II II 109. 7 134.0 139. 0 5. 0 Coarse 
Cortisone 2 2 II II 86. 2 107. 0 11 2. 6 Coarse 
Averai:re II II 7. 8 120. 1 Coarse • . Ase.Ac. , DCA,l II 114. 0 1J7. 0 Snooth • 
+Cort. 2 II II 84!0 1 ~ &nooth 

II II 0 1 h 
1 

2 II II 21. 2 116,6 122.2 
Av rage II II 100. 7 122.0 l]li:!8 

1. Ase.Ac. ,DCl 1 ti ii 97.0 lt17 .o 122.4 Co rse 
+ACTH 2 II II :Z61.2 10 J:20 . 0 Coarse 

II " 86 6 10 121. 2 Coarse 
1 • 12 121. &looth 

2 2 II II 2216 11,2 . tt l081 tt .:mooth 
Average 5 II II 103. 8 121. 2 114. 7 &tooth 
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increase of 16.4 grams; while the ascorbic acid, DCA plus 

ACTH treated animals increased an average of 15.3 grams. 

Note that the ani mals treated with ascorbic acid, DCA, 

cortisone plus ACTH increased in body weight an average 

of 5.3 grams; while the animals treated with ascorbic 

acid , DCA plus cortisone increased in body weight an av

erage of ll.8 grams, indicating that the above combinations 

of the basic supplement act synergical l y to increase body 

weight in the adrenalectomized rat. 

Tissue dist r ibution studies did not reveal any con

sistent trend regarding the influence of the adreno•ster

oids and ACTH on the deposit i on of ascorbic acid. Table II 

presents da ta on ascorbic acid deposition i n various body 

tissues as influenced by the adreno-steroida and ACTH. The 

determination of ascorbic acid in all tissues are baaed on 

the basic supplementation of ascorbic acid plus variations 

of the adreno-steroids and ACTH. These variations and the 

results there-from are herewith reported for brain-ascorbic 

acid. Note that the group treated with ascorbic acid only 

had an average concentration of 12.48 mgs. of ascorbic acid 

per 100 grams of brain tissue. When DCA plus ascorbic acid 

were administered it reduced the ascorbic acid content by 

67.5%. The above results seem to reveal that these vari

ations of the basic supplement act ant agonistically against 

ascorbic acid deposition in brain tissue. 

Not all variations of the basic supplement which were 



Table II : Showing the Infiuer..ce of the Adreno-Steroids , Desoxycorticosterone, Cortisone and ACTH on t be Deposi
tion of Ascorbic Acid in the Adrenolect.omized Rat. 

Bio-Assay Group I Group II Group III Group IV Group V Group VI Group VII Group VIII 
of Control DCA Cort. DCA, Cort . DCA,Cort. Cort, ACTH DCA, ACTH ACTH 

Tissues Ase . Ac Ase . Ac . Ase .Ac . ACTH, Ase.Ac. Ase.Ac Ase.Ac Ase . Ac 
Ase .Ac. 

1. -14:74 10.45 4o40 3. 85 17. 60 36. 85 28.05 
~-UN 2. 10. 23 4.73 2.64 4.23 10. 89 3.63 30.25 23.37 
Ave . mgs 12.48 7. 59 3. 52 4. 04 14. 24 3. 63 33 . 55 25 .71 
Ave 1 ! 100 -J2 . 2 -71.7 -67 . 2 +1~.1 -70. 2 +182 .. 6 +106 . 0 

1 . 6.60 1.65 1.10 7.70 3.30 2. 20 21.45 5. 50 
SPLEEN 2. 2. 09 1. 26 .44 6.38 1.26 l.,76 16. 50 . 88 
Ave . mgs 4. 25 1.45 .77 7. 04 2. 28 1.98 18.97 J .19 
Ave 1 ~ 100 -62 .6 -81!8 +62 . 6 - /±6 . tz. -22 -/z +J£i:6 .~ -24-2 

1. 2. 20 8.80 7.70 2. 20 J . 30 9.90 45 .10 14.30 
LIVER 2. 1.70 6.38 6. 60 2. 0.3 2.6,3 5. 39 40 .45 11.00 
Ave . mgs 1.95 7. 95 7.15 2.11 2.96 7.64 42 . 77 12. 65 
Ave~ 100 +,207 .7 +266. 6 +8 . 2 +21 . 8 +221 . 8 +2 2 088 +2£t.2 . 6 

1. 0 0 0 0 0 2.20 6.60 5. 50 
ADIPOSE 2. 0 0 0 0 . 22 .11 5.50 4.37 
Ave. mgs 0 0 0 0 . 11 1 .15 6. 05 4.95 
Ave . ~ 0 0 0 0 +11 +112 +602 +492 

1 . 4.40 2. 20 1.10 3.30 2.20 4.40 20.95 16. 50 
ICTDNEY 2. 2. 75 1.05 .88 1.70 1.70 3.30 15 . 62 14.85 
Ave . mgs 3. 57 1.62 .99 2. 00 1.95 J . 85 18.28 15 . 67 
Ave.~ 100 -2lt-6 -72.0 - 43 -2 -1±2 -1± +21 . 6 +412 . 0 +,210 . 2 

1. 6.60 4.95 1.65 0 0 1.10 5.50 2.20 
MUSCLE 2. 2.53 1.00 .44 .11 .71 • .38 1.10 .99 
Ave. mgs 4.26 2.97 1.04 . 055 .355 .74 3.30 1.59 
Ave. ~ 100 - ,20.,2 -72.6 -28.7 -<tl . 7 -82 . 6 -22 . 2 -62.7 



~ 
Table II-Continued 

Bio-Assay Group I Group II Group III Group IV Group V Group VI Group VII Group VIII 
of Control DCA Cort. DCA, Cort. DCA. Cort Cort, ACTH DCA, ACTH ACTH 

Tissues Ase. Ac. Ase. Ac. A~c. Ac. ACTH Ase. Ac. Ase. Ac. Ase. Ac Ase. Ac. 
Ase. Ac. 

1. 1.10 1.10 0 1.10 1.10 3.30 3.30 1.10 
PLASMA 2. 1.55 1.55 .60 1.10 .16 2.03 2.03 1.55 
Ave. mgs 1.32 1..32 .30 1.10 .63 2.66 2.66 1.32 
Ave.% 100 0 -'17-2 -16.7 -22-2 +101.2 +lCl..2 0 

Experiment 1 vs 2 As to total ount of vitamin C ,.,ri th eight ( 8) variables 

Formula: =.96 which is si "ficant .J22..._ .01 * 
• 707 .834 

* Thanks are given to Dr. J. l itchem, Professor of Physical Education wuo wad t 1s ca.Lcula"tion possible. 
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used in this experiment acted antagonistically against as

corbic acid storage in the brain tissue but the following 

combinations seemed to show that some of the adreno-steroids 

and ACTH act synergically to increase brain-ascorbi c acid: 

the group treated with ascorbic acid, DOA plus cortisone 

increased the ascorbic acid content by 14.1%; ascorbic acid 

plus ACTH increased by 106%; while ascorbic acid, DCA and 

ACTH caused a further increased of 185.6% of ascorbic acid 

in the brain tissue (figure 2). 

Table II and fi gure 2 presents data on the deposition 

of ascorbic acid in the spleen as influenced by the adreno

steroids and ACTH. The determination of ascorbic acid in 

the spleen revealed that the animals treated wi t h ascorbic 

acid only had an average concentration of 4.25 mgs. of as

corbic acid per 100 grams of tissue. When ascorbic acid 

plue DCA were administered the ascorbic acid content was 

reduced by an average of 65.6%; ascorbic acid plus corti

sone decreased the content by 81.8%; ascorbic acid, DCA 

plus cortisone by 46.4%; ascorbic acid, cortisone plus ACTH 

by 53.4% and ascorbic acid plus ACTH caused a 25% reduction 

of spleen-ascorbic acid. While the above variations seemed 

to act antagonistically against ascorbic storage in the 

spleen, the following combinations seem to act synergical

ly to increase the ascorbic acid content in the spleen: 

ascorbic acid, DCA, cortisone plus ACTH increased t he as

corbic acid content by 65.6%; ascorbic acid, DCA plus ACTH 

produced a marked average increase of 346.4%. 
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Table II and figure 3 presents data on the deposition 
'r. 

of ascorbic acid in the 11 ver. ·;· The biological assay of 

ascorbic acid in the liver of the animals receiving the 

basic supplement (ascorbic acid only), showed an average 

concentration of l.95 mgs. of ascorbic acid per 100 grams 

of tissue. All of the variations increased the ascorbic 

acid content i n the liver: the group of animals treated 

with ascorbic acid plus DCA increased by 307.7%, ascorbic 

acid plus cortisone by 266.7%; ascorbic acid, DCA, corti

sone plus ACTH by 8.2%; ascorbic acid, DCA plus cortisone 

by 51.8%; ascorbic acid, cortisone plus ACTH treated group 

by 291.8%; ascorbic acid plus ACTH by 543.6% and the as

corbic acid, DCA plus ACTH treated group showed a marked 

increase of 2,088 % (figure 3). 

Table II and figure 4 presents data from the biologi

cal assay of ascorbic acid in adipose tissue. Note that 

the group receiving ascorbic acid only showed no ascorbic 

storage. Only the following variations increased the as

corbic acid content in the adipose tissue: the group re

ceiving ascorbic acid, DCA plus cortisone increased the 

Vitamin C content by 11%; ascorbic acid, cortisone and ACTH 

by 115%; ascorbic acid plus ACTH increased 1be ascorbic 

acid content by 495% while the ascorbic acid DCA plus ACTH 

treated group increased the Vitamin C content by 605% in 

the adipose tissue. 

Table II and figure 4 presents data on the deposition 

of ascorbic in the kidney as influenced by the adreno-
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steroids and ACTH. The determination of ascorbic acid as 

revealed from tbe hlological assay showed that the animals 

treated with ascorbic acid only had an average concentra

tion of 3.57 mgs.per 100 grams of tissue. Tbe experimen

tal results obtained from the variations of tbe adreno

steroids and ACTH showed that the following combinations 

decreased ascorbic acid deposition in the kidney: the group 

treated with ascorbic acid plus DCA decreased the kidney 

content by 54.6%; ascorbic acid pl s cortisone by 75.0%; 

ascorbic acid, DCA, cortisone plus AC TH by 44%; and the 

group treated with ascorbic acid, DCA plus cortisone caused 

a decrease of 45.4%. Whereas, the proceeding combinations 

of the basic supplement acted antagonistically against as

corbic acid storage; the following variations seem to act 

synergically to increase the kidney-ascorbic acid content: 

the group treated with ascorbic acid, cortisone plus ACTH 

increased the kidney-ascorbic acid content by 78.4%; as

corbic acid plus ACTH by 310.9%; whi le the group treated 

with ascorbic acid, DCA plus ACTH showed the greatest as

corbic acid content with an increase of 412.0%. 

Table II and fi gure 4 present data on ascorbic acid 

in the skeletal muscles following four days administra

tion of the adreno-steroids and ACTH. It is of interest 

to note that the adreno-steroids and ACTH used separately 

or as a group decreased the ascorbic acid content in the 

muscle tissue below that of the ascorbic acid treated 
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group 1n the following order: the group treated wi th as

corbic aci d, DCA, c or ti sone plus ACTH decreased the mus

cle-ascorbic acid by 98.7%; ascorbic acid, DCA plus corti

sone treated group by 91.7%; ascorbic acid, cortisone plus 

ACTH group by 82.6%; ascorbic acid plus cortisone treated 

group by 75.6%; ascorbic acid plus DC A decreased the as

corbic acid content by 30.3%; while the ascorbic acid, 

DCA plus ACTH treated group showed an average decrease 

of 22.5%; ACTH plus ascorbic acid decreased the muscle

ascorbic acid content by 62.7%. 

The plasma-ascorbic acid content as shown in Table II 

and figure 5 reveals that the group treated with ascorbic 

acid only had an average concentration of 1.32 mgs. of 

ascorbic acid per 100 cc of plasma. Here, the ascorbic 

acid plus DCA treated group and ascorbic acid plus ACTH 

treated group showed no change in the deposition of plasma

ascorbic acid. This indicates that neither of t he above 

combinations act aynergically nor antagonistically to as

corbic acid storage in the plasma. The following varia

tions reduced the plasma-ascorbic acid content: the ascor

bic acid plus cortisone treated group showed the greatest 

decrease of 77.3%; the ascorbic acid, DCA plus cortisone 

treated group decreased by 52.3%; while ascorbic acid, DCA, 

cortisone and ACTH treated group showed the least decrease 

(16.7%). Not all combinations seemed to act antagonisti

cally against ascorbic acid deposition in the plasma. Note 
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that when ascorbic acid, cortisone plus ACTH and ascorbic 

acid, DCA plus ACTH were administered the plasma-ascorbic 

acid content was increased by 101.5% respectively. 



DISCUSSI N 

The foregoing experiments are supported by Hartman 

and Thorn (16) in showing that the growth pattern as in 

Table I and figure 1, in the adrenal 1nsufficent animals 

is due entirely to a secondary chan e, principally the re

duction of food intake. The cessation of growth observed 

in adrenal insufficent animals in this experiment showed 

that t he food and water intake were much less than the ex

perimental animals on the adreno-steroid and ACTH regime. 

In the presence of adr eno-steroids and ACTH the animals 

resumed growth, which is in accordance with Hartman,~• 

!l•, who have shown that the administration of adreno

cortical extracts caused a decrease in non-protein-nitro

gen. This, according to these wor kers caused an increase 

in the wei ght of the _rats whi ch received adr eno-cortical 

extracts whereas the adrealectomized animals which did 

not receive the hormone ~hewed an increase in non-protein

nitrogen with a loss in body weight. 

It is of interest to note that not all variations 

of the adreno-steroids and ACTH caused an increase in 

body weight. This is in accordance with Ingle ~-!l• 
(20). They have shown that the relationship of the cor

tical hormones to growth may be unspecific. Further, the 

inhibitory effect of these hormones to body growth may be 

due to an over-dosage or the adr enal cortical hormones such 

as the eleven oxygenated compounds which represent speci-



fie growth inhibitors that are normally balanced against 

the growth hormone of the anterior pituitary (20). 
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Table I and figure l present data showing the antago

nism of cortisone and ACTH when administered ith ascorbic 

acid. The influence of cortisone upon the retardation 

of body growth is in agreement with Ingle,~•!!.• (21) 1 

who found that when norma l rats are given cortisone ace

tate they develop a negative nitrogen balance which results 

in weight loss. In view of the evidence presented by these 

investigators, the decrease in body weight may be attri

buted to the following: (1) an i mbalance of ACTH and corti

sone and, (2) a negative nitrogen balance produced by cor

tisone acetate. 

The decrease in body weight of the group receiving 

the basic supplement (ascorbic acid only) is in agreement 

with Lockwood, tl•al. (27), who found that experimental 

guinea pigs on a control diet consistently lost weight 

over a twenty-eight day period after adranalectomy. Ac

cording to Grollman, ~.al. (11), the los s in body weight 

is due to an imbalance of sodium and potassium, and to 

improper carbohydrate and protein metabolism. In view 

of the established fact that adrenalectomized animals, 

when on a deficient adreno-cortical hormone regime, 

lose weight, the author believes that the loss of weight 

is due mainly to adrenal insufficiency. 

When DCA was administered with ascorbic acid there 

was an increase in body weight which is in agreement 
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with Massen, !!•!.!• (29). They have shown that DCA inhi

bits body and tail growth of no~mal rats, but it failed to 

inhibit the increase in body weight. Best and Taylor (l) 

1n a study of the effects of DCA upon salt and water metabo

lism found that DCA increases the plasma volume and concen

tration of sodium in body fluids, but that DCA reduces the 

concentration of potassium. Additional experiments re

ported by these authors stated that DCA reduces the inter

cellular concentration of pota s s _u~ and increases that of 

so ium, thus causing a shift in t he electrolytic balance. 

Further , DCA appears t o nfluence membrane permeabi lity of 

the tissues, thereby causing a retention of sodium and water 

which may be followed by edema. Gordon (11) agrees that in 

the regulation of electrolytes and water metabolism, DCA 

has been shown to be the most potent of all the adreno

steroids. On the basis of findings of Best and Taylor (l) 

and Gordon (12) the author feels that the gain in body 

weight of the group receiving DCA and various combinations 

of DCA may be attributed to a retention of sodium in the 

body tissue, thereby causing edema. In the case of DCA 

plus cortisone, the increase in weight is due to a normal 

electrolyte balance of sodium and potassium causing a nor

mal growth pattern. According to Roemmelt, et•&•, these 

animals exhibited a reduced capacity to eliminate sodium 

under high salt load, analogous to their reduced capacity 

to eliminate water under high water load. The reduction 
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in sodium and water excretion under this condition is due to 

an increase tubular reabsorption rather than a reduced glo

merular filtration (32). Further, they have stated that the 

low volume and high salt concentration of the urine and the 

very considerable osmotic work performed by the kidney of 

the adrenalectomized animal under salt load suggest an over 

production or decreased destruction of, or, hypersensitivity 

to antidiuretic hormones. Such a view is consistent with 

the known susceptibility of the adrenalectomized animal in 

water intoxication. When relatively smal l quantities of 

pitressin are injected into normal animals, a negative so

dium and chlorine balances were observed as in the untreated 

adrenalectomized animals. Roemmelt is of t he opinion that 

the retention of potassium is a manifestation of specifi

cally increased ionic reabsorption and not directly r elated 

to diminished sodium absorption (32). 

In agreement with Thorne, et.al. (38), Table I pre

sents data pe r taining to the effects of the adreno-steroids 

on the hair and skin appearance. Note that the experimen

tal animals receiving cortisone and various comb inations 

of cortisone showed a change in hair appearance from a nor

mal to a rough coat . According to Thorn, cortisone is a 

potent hormonal substance which produces definitely phy

siological effects. Further, these investigators report 

that with high or prolGnged dosage, and in some cases the 

recommended dosace, undesirable effects on skin and hair 
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appearance are produced. The experimental animals which 

did not receive cortisone acetate showed no change in hair 

appearance which is in agreement with Thorn,!!•.!!• (38) 1 

who have shown that the other adreno-cortical hormones produce 

no physiological effects on hair appearance, and that after 

cortisone administration is discontinued the effects are re

versible. 

Table II and figures II through IX show that tissue dis• 

tribution studies did not reveal any consistent trend regar

ding the influence of ad.reno-steroids and ACTH on the deposi

tion of ascorbic acid in the adrenalectomized rat. The data 

presented in these tables are in agreement with similar work 

done by Booker,!!.• al. (4). Note that when DCA, cortisone 1 

and a combination of DCA, cortisone plus ACTH were adminis• 

tered, the ascorbic acid content was reduced below the con

trol group in the following tissues: brain, kidney, plasma 

and adipose tissue. The above results reveal that these 

variations are antagonistic to ascorbic acid deposition in 

these tissues. The exact mechanism between the adreno-ste

roids and ACTH cannot be adequately stated according to 

Booker (2). In experimental studies of normal rats, it has 

been reported that when adreno-cort1cal extracts are admini

stered along with ascorbic acid, they facilitate the storage 

of ascorbic acid at the adrenal gland. The increase of as

corbic acid in the adrenal gland in the presence of exogenous 

adreno-cortical hormones is suggestive evidence that the hor-
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monea may be acting to increase the storage of ascorbic acid 

in the adrenal glands (2). The question arises as to the sig

nificance of the exogenous adreno-steroids upon ascorbic 

acid deposition in other body tissue after b~lateral adrena

lectomy. Booker (2) has reported that with an increase of 

ascorbic acid in the adrenal glands, there was a decrease in 

cholesterol indicating that cholesterol may be a precursor 

of the adreno-steroids; further, Sayers has presented evidence 

which supports this point of view. The present data suggest 

that the exogenous adreno-steroids are not enough to maintain 

normal metabolic processes in the absence of the adrenal glands 

as indicated by ascorbic acid storage in body tissues. 

Tissue distribution studies of the effect of DCA, corti

sone and ACTH plus cortisone are in accordance with Collins (6), 

who has reported that these substances decreased the ascorbic 

acid content in the brain tissue of more than 100 per cent be

low the control group receiving ascorbic acid only. It is of 

interest to note that DCA plus ACTH, and ACTH plus ascorbic 

acid increased the ascorbic acid content of the brain by 185.6 

and 106 per cent respectively, above that of the animals re

ceiving ascorbic acid only. On the other hand, Collins (6) 

reports that the above variations decreased the ascorbic acid 

content more than 100 per cent. The regulatory mechanism for 

this difference cannot be definitely stated; however, it is 

logical to assume that the adrenals are the determing factor. 
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Table I and figure 3 are partly in accordance with 

Colline (6) whose work shows that tissue distribution stu

dies did not reveal a consistent trend regarding the in

fluence of the adreno-steroids and ACTH on spleen ascorbic

acid. Note that only DCA, cortisone plus ACTH, and DCA 

plus ACTH caused an increase of 65.6 and 346.4 per cent 

respectively, above the group of adrenalectomized animals 

receiving the basic supplement. In a similar experiment 

with normal rats, Collins (6) has reported that only DCA 

plus ascorbic acid increased the spleen ascorbic acid con

tent, a fact which is an indication that the other variation 

acts antagonistically to spleen ascorbic acid storage. When 

the adreno-steroids and ACTH were administered with ascorbic 

acid in the adrenalectomized rat, all combinations decreased 
~ 

the muscle-ascorbic acid content which is in accordance with 

Collins (6) who in a similar experiment with normal rats re

ported that all variations except DCA decreased the muscle

ascorbic acid content. Consistent points of difference are 

observed when normal and adrenalectomifed animals are com

pared under similar experimental conditions. (1) In all 

tissues examined DCA plus ascorbic acid increased the as

corbic acid storage in the normal rat above the control 

group as reported by Colli ns (6), whereas, in the adrena

lectomized rat, DCA plus ascorbic acid decreased the tissue 

ascorbic acid content in the following tissues: brain, spleen, 

kidney, and muscles. The ascorbic acid content in adipose 
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tissue and plasma did not show any change. (2 ) In the liver, 

all variations of the adreno-steroids and ACTH increased the 

ascorbic acid content; however, Collins (6) reports that only 

DCA increased the liver-ascorbic acid. (3) In the adipose 

tissue of the adrenalectomized rats, DCA plus cortisone, cor

tisone plus ACTH, ACTH plus ascorbic acid, and DCA plus ACTH 

increased the ascorbic acid content by 11, 115, 493 and 605 

per cent respectively, sho ing no change when DCA plus as

corbic acid, cortisone plus ascorbic or a combination of both 

hormones and ACTH were administered with ascorbic acid. Here, 

Collins reports that only DCA plus ascorbic ac id and DCA, ACTH 

plus ascorbic acid increased the ascorbic acid cuntent of the 

adipose tissue (6). (4) The kidney ascorbic acid content of 

the adrenalectomized rat shows that only cortisone plus ACTH, 

DCA plus ACTH and ACTH plus as corbic acid caused an i ncrease 

as corbic acid con~en t by 78 . 4 , 412, and 310.9 per cent res• 

peetively; whereas, the normal rats receiving the same vari

ations showed a decrease in kidney-ascorbic acid content 

with a slight increase when DCA plus asco rbic acid was ad

ministered. (5) The plasma-ascorbic acid content as revealed 

~rom the biological assay of the adrenalectomized rats shows 

that only cortisone plus ACTH and DCA plus ACTH increased the 

plasma-ascorbic acid content by 101.5 per cent respectivel1, 

whereas, DCA plus ascorbic acid and ACTH plus ascorbic acid 

showed no significant change i n the plasma ascorbic acid con• 

tent. In the normal rat, Collins {6) reports that all com-
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binations of the adreno-steroids increased the deposition of 

plasma-ascorbic acid while DOA plus ACTH showed the greatest 

increase of all variations used in this investigation. 

In view of the above differences, it is of interest to 

note that DCA was more effective than cortisone in increas

ing ascorbic acid in all tissues analyzed which is in ac

cordance with Booker, et.al. (3) and Col l ins (6) who in their 

studies found no consistent trend in the deposition of ascor

bic acid in nor mal rats t reated with the adreno-ateroids. 

Further, they have shown that the adreno-steroids as a group 

exert roughly 60 to 70 per cent reduction of Vitamin C in 

the urine and tissues as compared with the ascorbic acid 

treated normal rats. 

In agreement with Booker, et.al. (5), DCA a nd ACTH are 

more effective in increasing plasma ascorbic acid than either 

DCA or cortisone. A number of investigators (7, 10, 28) have 

shown that the adreno-cort1cal hormones may increase the cir

cula t ion of p l asma volume in adrenal insuff1cency by (l) the 

control of renal function and (2) the transfer of water and 

electrolytes to the blood stream from the tissues. Further

more, according to Swingle (34), in adreno-cortical insuf

ficency an increase in permeability is indicated by a patho

logical disturbance of fluid exchange in favor of outward 

filtration and the production of a marked heme-concentration. 

Due to the similarity in s t ructural formulae of glucose 

and ascorbic acid, a number of investigators beleive that 
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their intermediate metabolic processes are related. Um

breit (38) has presented evidence that D-amino-acid oxidase 

1s under the control of cortisone in the liver, but not 1n 

the kidney; whereas, DCA was not effective in maintaining 

or restoring the proline system. Van Arman has presented 

evidence that amino acids are precursors of epinephrine by 

injecting large quanities of insulin followed by glucose 

and noticed that the epinephrine content was reduced by 39 

per cent. The findings that no recovery took place with 

glucose alone probable means that the body cannot utilize its 

own nitrogenous compounds to synthesize epinephrine at an ap

preciable rate. Under this condition it appears that the 

dietary precursor is an amino-acid (38). 

In the adrenalectomized rat where the adreno-cortical 

hormones and the epinephrine content is "nil", the limited 

exogenous cortical hormones must serve to maintain both in

organic and organic metabolic processes, it is logical to 

assume that the absence of the adrenal cortex and medulla 

are involved in this process. 



SUMMARY AND CONCLUSION 

This experiment has been described comparing the effects 

of adreno-corticotrophic (ACTH), desoxycorticosterone (DCA), 

cortisone and different variations of the above on the depo

sition of ascorbic acid in the adrenalectom1zed rat. The data 

shows that all variations reduced the brain-ascorbic acid con

tent except DCA plus cortisone, ACTH plus ascorbic acid and 

DCA plus ACTH, while the latter group showed the greatest 

percentage increase. 

In the spleen, DCA, cortisone plus ACTH, and DCA plus 

ACTH increased the spleen-ascorbic acid concentration while 

all other combinations seem to act antagonistically to as

corbic acid deposition in the spleen. 

All variations of the basic supplement increased ascor

bic acid storage in the liver above the control group recei

ving only ascorbic acid. Here, DCA plus ACTH was most effec

tive. 

rn tba adipose tissue where the ascorbic acid content 

was "nil" 1n the control group; DCA plus cortisone, cortisone 

plus ACTH, ACTH plus ascorbic acid, and DCA plus ACTH show

ind the greatest concentration. 

The data rurther shows that in respect to kidney-ascor

bic acid concentration; cortisone plus ACTH, DOA plus ACTH, 

and ascorbic acid plus ACTH increased the ascorbic acid con

tent. 
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The plasma-ascorbic acid concentration was increased 

only when cortisone plus ACTH, and DCA plus ACTH were ad

ministered. DCA plus ascorbic acid, and ACTH plus ascorbic 

acid had no effect in increasing or decreasing the ascorbic 

acid concentration while the remaining varables decrease the 

plasma ascorbic acid content. 

With respect to tissue ascorbic acid it has been shown 

that DCA plus ACTH is most effective in all tissues analyzed, 

and DCA is more effective than cortisone in maintaining as• 

corbic acid levels in the tissues of the adrenalectomized 

rat. The regulatory mechanism for this action is not known 

but in view of the evidence presented the absence of the ad

renal cortex and medulla seem to be the determing factor. 

This experiment also described the effects of adreno

steroids and ACTH upon the changes in body weight and hair 

appearance. DCA caused the greatest increase in body weight 

of all the steroids administered either together or separately; 

DCA plus ACTH caused the next highest gain, While DCA plus 

cortisone, ACTH plus cortisone produced weight gains propor

tionally. The animals receiving cortisone plus ascorbic 

acid showed the greatest weight loss; while ACTH plus ascor

bic acid showed the next highest loss in body weight. The 

group of animals receiving only ascorbic acid showed the 

least weight loss than either of the above combinations. 

In respect to hair appearance, all groups receiving a 

combination of cortisone showed marked changes in hair coat, 



while the groups receiving combinations of DCA showed no 

change in hair appearance. 
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The present data suggest that the gain in body weight 

of the group receiving DCA and combinations of DCA may be 

attributed to an electrolytic imbalance of sodium and po

tassium, thus causing a retention of sodium and water in 

the body tissues producing an edema effect. The groups 

receiving cortisone perhaps lost weight due to a negative 

nitrogen balance and a loss of sodium and water from the 

body tissues with a likewise increase in potassium ions. 

The changes in hair appearance of the animals receiving 

cortisone is attributed to the potency of cortisone acetate 

which produces marRed physiological appearances when ad

ministered. 



1. 

4. 

6. 

e. 

10. 

11. 

BIBLIOGRAPHY 

Best, c. H. and N. B. Taylor, The Phlsiological Basia 
of Medical Practice. 5th ed.; ~a timore, Ma., The 
Wflliams and Wilkins company, 1950. 

Booker, W. M., R. L. Hayes, M. B. Sewell and F. M. Dent, 
"Experimental Studies on Ascorbic Acid Metabolism", 
_am. I.• Physiol. 166: (1951), 374. 

Booker, W. M., F. M. Dent, R. L. Hayes, W. Harris and 
s. Green, "Influence of Adreno-Cort1cal Extract, 
Cortisone and Desoxycorticosterone on Blood Levels 
and Urinary ~xcretion of Ascorbic Ao1d". Pro. Soc. 
Exper. ~• ~ ~• '78: (1951), 170-173. -

Booker, W. M., R. L. Hayes and F. M. Dent, "Adrenal 
Stress and Metabolism of Ascorbic Acid". Fed. Proc. 
9: (1950), 14. - -

Booker, W. M., F. M. Dent, R. L. Hayes, w. Harris and 
s. Green, "Comparison of Influence of ACTH, DOA and 
Cortisone on Metabolism of Ascorbic Acid". ~• .l• 
Physiol. 163: (1950), 700. 

Collins, L. c., "The Influence of the Adreno-Stero1ds, 
DCA, Cortisone and ACTH on the Electrolytis Shift 
of Sodium and Potassium upon the 24 Hour Urinary 
Excretion". Unpublished. (1953). 

D'Amour, F. E. and F. R. Blood, Manual for Laboratory 
Work in Mammalian Physiolof.• Chicago, 111., Chi
cago 'fmiversity Press, I§s. 

Fine, J. and J. Fischmann, "A Studl of the Effect of 
DCA of Capillary Permeability. Proc. Soc. Exper. 
~ ~ ~- 49: (1942), 98. -

Friedmann, B. B., "Pathology of Adrenal Glands in Addi
son's Disease with Special Reference to Adreno
Cortical Contractionn. Endocrinology. 42: (1948). 

Glick, D. and G. R. Briskin, "Q.uani ta.ti ve Distribution 
of Vitamin C in the Adrenal Gland and Various Stages 
of Development". I•~~- 115: (1936), 551. 

Grollman, Authur, "Further Observations of Replacement 
Theraiy in Experimental Adrenal-Cortical Insuffi
cency. !!!!• J. Physiol. 125: (1939), 66. 



( 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

21. 

38 

Gordon, E. s., "The Use of DCA and Its Eaters in the 
Treatment of Addison's Disease." J. A. M.A. 114: 
(19,0), 254. - - - -

Habeeh, Bacchus, Normal Altszaler, and Mervin H. Heiffer, 
"Prologation of Effects of Adrenal Cortical Secre
tion by Ascorbic Acid: Proposed Mechanism of Action". 
~-!£!: :h;xper. Biol. and ~• 81: (1952), 32. 

Harper, H. A., A Review of Physiolofical Chemistrt. 3rd 
ed.; Palo A'Ito, Calil'7, Unlvers ty Medical Pu lishers, 
1951. 

Harrow, Benjamin, Textbook of Biochemistry. 5th ed.; 
New York, N. Y., w. B. "Saunders Company, 1951. 

Hawk1 P. B. and o. Bergein, Practical Phisiological 
vhemiatry. 12th ed.: Philadelphia, enn., The Bal
idston Company, 1951. 

Hartman, F. A., "A Substance Which Prolongs the Life of 
the Adrenalectomized Cat". Proc. Soc. Exper . Biol. 
and Med. 25: (1947), 69. - - ---

Hartman, F. A., "Retardation of Adrenal Cortex to the 
Development of Scurvy". ~- ~- Exizer. ~• 
~ ~- 30: (1933), 560. 

Hartman, F. A., "A Further Study of the Relationship 
of the Adrenal Cortex and Vitamin C". Am. J . Physiol. 
117: (1936), 553. - -

Ingle, D. J., M. C. Prestrud and c. H. Li, "Effects of 
Administering ACTH by Continuous Injections to Nor
mal Rats". !!• !_. Physiol. 166: ( 1951}, 165. 

Ingle, D. J., M. c. Prestrud and J.E. Nezom1s, "Ef
fects of Administering Prolonged Doses of Corti
sone Acetate to Normal Rats" . Am. J. Physiology 
166: ( 1951), 171. -

22. King, c. G., and w. A. Waugh, Science. 75: (1932), 75. 

23. Kleiner, I. s., Human Biochemistry. st. Louis, Mo. 
The c. v. Mosby Company, l948. 

24. Knowlton, A. J., E. N. Loeb, H. C. Stoerk and B. c. 
Seegal, "Desoxycorticosterone Acetate: The Poten
tiation of Its Activity by Sodium Chloride". l• 
Exper. ~• 851 (1947), 187. 



25. Lockwood, J.E., D. G. Hartman and F. A. Hartman, 
"Relation of Adrenal Cortex to the Development 

39 

of Scurvy". Proc. Soc. for Exper. Biol. and Med. 
81: (1952), 5W.- - - - - - -

26. Lockwood, J.E., D.R. Swan and F. A. Hartman. "A 
Further Study of the Relation of the Adrenal Cor
tex to Vitamin c". :.• ~- Physiol. ll7: (1936). 

27. Loeb, R. T., "Electrolyte Balance Studies in the Adren
alectomized Dog, With Particular Reference to the 
Excretion of Sodium". J. Exper. Med. 57: (1933), 
775. - -

28. Maassen, A. P., "The Effect of DOA on Body Growth and 
Ossification". AC f A Endocrinologica. 9: (1952), 
219. 

29. Ne sky, M. G. and M. H. Jacobs, "Some Ef f ects of Des
oxycorticosterone and Related Compounds on the Mam
malian Red Cell". ~ Bull. 81: (1941}, 295. 

30. Piranic, C. L., and s. M. Le1enson, "Effect of Vi t amin 
C Deff'ice ncy on Healed \ ounds". Soc. £2! Exper. 
Biol~~• 82: (1953), 95. 

31. Roemmelt, J. c., o. W. Sartorius and R. F. Pitts, "Ex
cretion and Reabsorption of Sodium and Water in 
the Adrenalectom1zed Dogtt. Am. J. Physiol. 159: 
(1947), 124-136. - -

32. Shs.ffenburg, C., G. W. Mason and A. C. Corcoran, "Inter
relationship of DCA, Cortisone and Vitamin C in the 
Genesis of Mesenchymal Lesions". Pro. Soc. Exper. 
~•and~• 74: (1950), 358. 

33. Sherman, H. c., ands. L. Smith,~ Vitamin. 1931. 

34. Swingle, W. W., "Water Intoxication int he Adrenalec
tomized Dog". ~• J. Physiologz. 123: (1938), 659. 

35. Swingle, w. w., W. M. Parkins and A. R. Taylor, "A 
Study of the Circulatory Failure of Adrenal In
sufficiency and Analogous Shock-like Conditions". 
~ I• Physiol. 123: (1938), 639. 

36. Szent-Gyor;n1, A., "Experimenta l Studies of the · Adrenal 
Cortex • !!-r. Bio chem. 22: { 1937), 138'7 • 



40 

37. Thorn. G. W., et .al • ., "Medical Progress: The Clinical 
UaefullnessoTACTH and Cortisonerr. ~ England 
J. Med. 241: (1949), 529-537. - -

38. Umchiet, W.W., "The Influence of Adrenalectomy and 
Cortisone Treatment on Enzymatic Reactions in Rat 
Tissue". !!!!· :!.• Physiol. 124: (1939). 

39. Woodbury, et.al., "Antagonism of' Adreno-Cortical Ex
tractaandCortisone to DCA Brain Rxo1tability of 
Adrenalectomizad Rats". Soc. of Exper. Bio. and 
Med. 78: (1952), 550. - - - -


	The Influence of the Adreno-Steroids, Desoxycorticosterone, Cortisone and Acth on the Deposition of Ascorbic Acid in the Adrenalectomized Rat
	Recommended Citation


