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IOTHGDUCTION

The disoovery that ll-dehydro-17-hydroxy-cortloosterone

will relieve the symptoms of rheumatoid arthritis (1), to-

gftfctV Itfe tho til . no.n fact tb t ;
.oorlic ill [JJ 1) i.i

intimately involved in the functional activity of the adrenal

cortex suggested that the arthritic-liiie lesions in the joints

of scorbutic guinea pigs may be due to the failure of the

adrenal cortex to produce ll-dehydro-17-hydroxy-cortioosterone

which is commonly called cortisone*

The synthesis of cortisone in sufficient quantities for

research work made it ibis to study its effects on joint

lesions of soorbutio guinea pigs*

The objective of title experiment was to test the validity

of the hypothesis that the joint lesions in the scorbutic guinea

pigs are not due directly to the lack of ascorbic acid, but due

indirectly to the inability of the adrenal cortex to synthesize

cortisone when ascorbic acid is not present.

Historical Background

The Disoovery of Gortlsona . In 1355 Thomas Addison, a

British physician, noticed and called attention to the relation-

ship of the deterioration of the adrenal gland and the human

disease now asroci ted with his name* The first positive evi-

dence that the adrenal glands produoed a hormone which would



relieve the symptom of Addison* s disease did not coae until

1927 when two Independent groups of investigators, Hartman and

Brownell (2), .single and Pfiffner (22), prepared potent ex-

tracts of the adrenal cortex* Hartman and Brownell oallod the

active principle "oortin*" This material, after being tested

on laboratory animals, showed amazing results in relieving

symptoms of Addisonians, even if moribound*

The production of this aotlve extract stimulated the work*

ers of three groups and their assoc: , . . ^ondall, J* J,

ififfner and C* intorsteiner, and T* Heichstein (3) to try to

prepare the compound responsible for this action.

Each of these groups quickly obtained several crystalline

compounds which were designated, in the order of their isola-

tion, by the letters of the alphabet. However, it was not until

1936 that Mason, Meyers, and Kendall (10) clearly established

the physiological activity and effectiveness of their Compound

3, Heichstein (3) in 1937 isolated hia pure Compound II whioh

was shown to be highly active and was named corticostcrone*

Various investigators have isolated 26 crystalline steroids from

the adrenal oortex of v/hioh 5 have this marked oortloal activ-

ity* In addition to those crystalline compounds there is an

omorphorous residue of unknown composition which shows marked

physiological activity in relieving some of the symptoms of

Addison 1 3 disease* The 5 crystalline compounds are named as

derivatives of oorticosterone. They are:
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This last compound was designated "g* by Kendall and "t » by

Reichatein and la the one having marked effect in relieving

symptoms of rheumatoid arthritis, and is now called cortisone.

The isolation of pure crystals of cortisone and establish-

ment of its structure stimulated intensive researoh by many

workers that cumulated in the synthesis of cortisone in 1946 by

L. H. Sarrett (12). By 1948 cortisone was available in suffi-

cient quantity atiu pure enough for clinical study. Dr« Hench (1)

at Kayo's Clinic tried cortisone on patients suffering from

severe rheumatoid arthritis and met with startling success with

this treatment. Thi3 compound has since been used successfully

in treating many related conditions and much research is being

carried on with it at the present time.

The Discovery of Adrenocorticotropic Hormone . Since the

first observations of smith (19) it has been well established

that the size and the function of the adrenal cortex is under



the influence of the pituitary (6, 21, 23).

In almost all animals hypophysectomy causes adrenal corti-

cal atrophy and hypophyseal implants or injections of hypophy-

seal extracts tend to enlarge the adrenal cortex. The substance

whloh has this physiologioal action was isolated by Jayers (17)

from the anterior lobe of the pituitary of swine, and by Li,

Svans and Simpson (11) from the anterior lobe of the pituitary

of sheep in 1943*

This material is a protein and has been given the name

adrenocorticotropic hormone, usually referred to as ACTH, It

has been found to be a potent anti-arthritic theraputio agent,

probably because it stimulates the adrenal cortex into produc-

ing and releasing additional cortisone* It was prepared in

sufficient quantities to be available for limited research work

in 1950.

Ascorbic Acid in the Adrenal Cortex . Before ascorbic acid

(vitamin C) had been prepared in crystalline form, Kendall and

co-workers (4) at Mayo*s Clinic, while attempting to extract the

active principle of the adrenal cortex, isolated several grama

of a white crystalline material which Mi later proven to be

ascorbic acid by ^virbely and Szent-ayorgyi (20), Waugh and Klnc

(25) in 1932* This material has the ohexnioal structural formula

as below j

H HO II HO HO
H-C- 0-G- C» C-C*0
110 n

l Q <



Much work (5, 14 , 15, 25) has been done since this time on

the relationships of ascorblo aoid to the functions of the

adrenal cortex. \ relation of ascorbic aoid to the adrenal

cortical functions is indioated by the sudden drop of the as-

corbic acid oontont when the adrenal cortex Is stimulated by

injections of ACTH (8). The vitamin C content of the normal

guinea pir: is about 400 mg per 100 3m of fresh adrenal cortical

tissue and 80 to 90 percent of this material is loot in the

first three hours after stimulating the cortex by . Thero

is also a similar drop in the cholesterol content of the cortex,

and it is thought that this oompound, which has a structure

similar to cortisone, may be its precursor, The drop in

cholesterol and ascorbic acid takes place at the seme time the

adrenal oortex is stimulated to produce cortisone and inpliea

that vitamin C may be involved in the transformation of

cholesterol to cortisone. This was the hypothesis to be tested

by these experimente«

Since this work has been started results of experiments

boarinc on this subject have been published by -chaffenbur;,

Mason and Corcoran (16)»
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&U>£RB££NTAL PROOSDUHB

haocs of the xperimonts

This experiment was divided into two phases* In the first

phase the effects of injecting cortisone on various lesions of

the scorbutic guinea pigs were studied* In the second phase the

notion of ACTH was compared with the action of cortisone in the

soorbutio guinea pigs*

Basal Ration

The same basal ration was used in both phases of this ex-

periment* It oonsisted of hulled oats, soy bean meal, and de-

hydrated alfalfa pellets, fortified with minerals, vitamins A

and D, and the water soluble vitamins, Including vitamin B^,

to meet the needs of growing guinea pigs (9), but excluding

vitamin 0.

The positive control group received the basal ration plus

adequate crystalline vitamin C*

The Animals Used

Young male guinea pigs, weighing between 225 and 350 ga

were purchased from The Gopher Jtate Cavlary, t. Paul,

Minnesota* They were kept, three in a cage, in guinea pig cages

with wire bottoms* Thoy were fed daily, but no attempt was made

to equalize food consumption*



Treatment of the Animals

Weights were taken every four or five days* Notes as to

the development of clinical symptoms of scurvy were made daily.

In most eases the experiment continued until the scorbutic

animals died. They were then posted by Dr. Herriok, In a few

oases animals from various other groups .vere sacrificed for

rison purposes. Records were made of tho macroscopic

lesions observed by Dr, HerrlcL and the author,

Sections of tissues for microscopic examination were re-

moved, and the results of this study are to be the subject of

other theses.

Description of the Phases

Phase One , Phase One was divided into two experiments, the

first storting on October 18, 1950 and the second starting on

January 11, 1951*

Experiment One* In this experiment 24 guinea pigs were

used. On arrival they were divided into three groups, 12

animals in the negative control group, 6 animals in the positive

control group, and 6 animals in the group receiving cortisone.

This distribution was made to equalize approximately the com-

parative weights of the animals in each group.

The negative controls, Group 1, received only the basal

ration. The positive controls, Group 2, received the basal

ration plus an adequate amount of ascorbic aoid. The animals

of Group 3 received the basal ration and after the fifth day



also a daily subcutaneous injection of a fine suspension of 5

mg of cortisone acetate in one ml of solution. The cortisone

acetate was produced by fcerok and Company, Inc., Rahway, Hew

Jersey and is sold under the trade name ortone*"

Experiment Two* Fifteen guinea pigs were used in this

experiment • They were divided into three groups of five each;

the negative controls, Group 4, the positive controls, Group 5,

and the group receiving cortisone, Group 6*

The animals were treated simil irly to those in the first

experiment with the exoeption that Merck provided a more con*

centrated product of the cortisone acetate suspension in which

the 5 mg dose was contained in 0*2 ml*

ghase Two * There was only one experiment in •% e Two,

and it was carried on in this manner* ix guinea pigs were

divided into two groups of three each* Both groups reoelved the

basal ration* The one group, denotod as Group 7, received 5 ag

of the cortisone acetate after the basal ration had been fed for

five days* The second group, Group 6, received the basal ration

and 2 mg of ACTH in 0*5 ml of physiological salt solution every

12 hours* The ACTH was furnished by the Lederle Laboratories,

Division of the American Cyanamid Company, New York, Nsw York*

Tho animals were fed daily and weighed approximately every

five days* k% death they were treated in the manner previously

described*
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IHISNTA1 RESULTS

Results of has© Oat * Experiment One

The dat* pertaining to weights and survival time are given

in Tables 1, 2 and 3* The average results of these data are ex-

pressed in Fig* 1, Group 1 is the negative control group, Group

2 the positive control droup and Group 3 the group receiving

cortisone*

Group 1. >11 of the animals in Group 1 developed the usual

olinioal symptoms of scurvy. The stiffnoss in the joints ap-

peared first at 7 days in animal Kumber 17, and all of the ani-

mals in this group showed this symptom of scurvy by 11 days*

It will be seen from Fig. 1 that the average weight of

these animals began to drop by the ninth day and had dropped at

the average time of death (13 days) to an average of 204 gm»

This is a loss of at least one-fifth the average initial weight*

On autopsy all of these animals showed the usual macro-

scopic lesions of scurvy, such as swollen Joints and hemorrhag-

ing around the Joints and in the viscera. There was also noted

a lack of adipose tissue in the body when compared with normal

inea pigs posted at the same tine.

Group 2_, These animals developed normally and on post mor-

tem examination shoved no abnormalities. This showed that the

basal ration was adequate for the development of young guinea

pigs when supplemented with ascorbic acid*

Group X* Tne animals receiving the injections of 5 mg of
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cortisone acetate per day did not . lop the sore jclnts

typiocl of the scurfy guinea pigs in Group 1.

It will be seen from Fig. 1 that the animals increased in

weight, at first, somewhat more rapidly than the positive control

group. This could correspond possibly to the feeling of well-

being reported by human patients when first receiving cortisone,

ut the fourth week of the experiment these animals started

if weight. Their weight drop was slower than that of Group

1, On autopsy it was observed that there was little her orrhag*

ing around the joints, but theft hemorrhaging around the

ribs and in the lungs. These animals did not lose their fat de-

posits as those in Group 1. Their average survival time was

42 days and average weight at death was 239 gm. This represents

a loss of about one-tenth of their initial body weight.

Hesults of ihase One - Experiment Two

vhen additional cortisone became available, .ixporiment One,

using five animals in eaoh group* was repeated. The same basal

ration was used and the treatment of the animals was the same.

In this experiment the negative oontrol croup was designated

Group 4, the positive control group was called Group 5 and the

animals that received cortisone were called Group 6.

The data pertaining to weights and survival time are given

in Tables 4, 5 and 6, and the average results of these data are

expressed in Fig. 2.

Grouu 1^ Unfortunately the animals in the second experiment

developed a respiratory infection shortly after the experiment
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started. The combination of the of vitamin C and the

respiratory infection say have caused tho early death of ths

animals in Group 4* The average survival time of the animals

of this group was only 13 days whereas the average survival time

in the similar group of the first experiment where no infeotion

was present was 16 days. Two of the anliaals, Amtefl 41 and 43,

did not develop the soreness of the Joints before death, but the

other three animal' exhibited clearly this clinical symptom of

seurvy. On autopsy the maorosoopie lesions usually found in

scurvy guinea pigs were not found In animal Number 43. -aver,

since he died on the ninth day of the experiment it is possible

that not enough time had elapsed for the lesions to develop*

The other four animals on autopsy did show the typical

lesions of scurvy guinea pigs and were, if anything, in a worst

condition than those of the similar group in "Experiment One.

oun £• The respiratory infection was very severe in the

positive control group and one of the animals, Number 61, died

on tho ninth day. limal Number 59 was caught in the cage wire,

broke his leg, and for this reason was removed from the experi-

ment. The other three animals seemed to recover completely, and

they appeared completely normal when posted. It will be seen

that these animals regained rapidly the wsight lost during the

time of the infection.

Group £» The animals receiving oortisone were also affected

by the respiratory infeotion. However, these animals did not die

as quiokly op, those in Group 4* BM first death ocourred on the

seme day the last animal in Group 4 died. They did not loss
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weight like the positive control gr . Two of the animals re-

covered, one living 51 days and the other 69 day .

Bono of these animals showed the soreness of the Joints ex-

hibited by scurvy guinea pj , out all of these animals showed

on post mortem examination severe internal hemorrhaging.

Results of Phase Two

•uffioient ACTH was secured to give injections of 2 mg every

12 hours to e group of three guinea pigs. The animals receiving

AOTH were compared with a group of three guinea pigs which re-

ceived the same doeage of cortisone which had been found effec-

tive in preventing joint soreness in ihase One, Groups 3 and 6*

The basal ration and treatment of the animals was the same as in

Phase One.

As the basal ration had been thoroughly tested in the nega-

tive and positive control groups of Phase One, these groups

were not repeated in this phase of the experiments

•

The data pertaining to weights and survival time are given

in Table 7, and the average results of the experiment are given

in Fig. 3.

In this experiment the animals receiving cortisone were des-

ignated as Group 7» and those receiving ACTE as Group 8.

In this experiment the animals receiving cortisone showed

striking differences from those receiving >CTH#

Group 2» These animals received 5 mg of cortisone acetate

in a 0.2 ml injection daily. The experiment was concluded at
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51 days and all three of the animals were alive at the time*

However, all three were losing weight ra. idly and wore in the

laot stages of scurvy* They were typical of scurvy guinea pigs

that reoeived cortisone. They did not exhibit sore joints, but

on post uortea examination they allowed typioal hemorrhaging in

the viscera, around the joints and especially in the lungs*

group 8* The animals receiving ACTH developed clinical

symptoms of scurvy rapidly and two of them were dead within 12

days* The other, Number 53» survived for 27 days* This animal

developed vory sore joints, and during the last 12 days he would

not move about the cage and seemed to be in severe pain when

handled* The animals all showed the clinical symptoms of joint

stiffness and on autopsy showed very severe hemorrhaging around

joints and in the viscera* These animals suffered also a nervous

disorder which resulted in trembling and led to spasms three to

four hours before death.

A possible explanation of the extremely poor condition which

developed in these animals might be due to the ACTH which depletes

the adrenal cortex of its ascorbic acid ly much aore rapidly

than the soorbutio ration alone* This depletion of ascorbic acid

would brine on the death of the animal more rapidly than if it

were merely fed the scorbutic ration*

Due to the small number of animals used in this experiment

too muoh sigaifioanoe was not placed upon this work. However,

since the conclusion of this v/orlc, another student has repeated

this phase of the experiment and obtained substantially the seme

results*
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,:on

Phase One

Combining the results of Experiments One and Tv.o, it is

found that the average survival time of the negative control

animals was 17 days, and that of the animals receiving corti-

sone v/as 37 days. It was also found that the animals receiving

cortisone did not lose as much weight before death as did the

negative controls. This weight differential is due probably to

the fact that the animals receiving cortisone continued to con-

sume some food until a day or so before death* Ocurvy guinea

pigs usually stop eating about the time 3ore Joints develop.

This alght be due to the absence of hunger, or could be due

conceivably to pain that results from the loosenl of the teeth

and pain of chawing due to sore maxillary joints. nother sig-

nificant difference between the two groups was the laofc of Joint

soreness of the animals receiving cortisone when compared v;ith

the negative control group. ;n gentle pressure was applied to

the Joints of a scurvy guinea pig, the animal would squeal and

give other indications of pain. Whan the animals that received

cortisone ware treated in this manner, they reacted In a manner

similar to normal guinea pigs*

The gait of the scorbutic animal was another indication of

Joint soreness. Instead of the normal running gait, the scor-

butic guinea pigs hopped. The hopping gait, which involves a

different motion of the hip Joints, is an indication of soreness

or stiffness of the Joints of the scurvy guinea pigs.
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b the histological . tudy of these animals was not a

part of the v/orx, it is interesting to note that there was a

distinct diffcrenoe between the scurvy tiUinea pigs and the ani-

mals receiving cortisone ( 26 )• The animal;; which received corti-

sone did not exhibit the typi Loorosoopio lesions of the

joints of sourvy Guinea pigs*

These results lead to the conclusion that the adrenal cortex

of the scorbutic guinea pig does not produce sufficient amounts

of the oortioal hormones to prevent the Joint lesions. A prob-

able explanation for this failure is that vitamin C is essential

for the production of cortisone and, since the guinea pig can

not synthesize vitamin C, there is not enough to this compound

present in the scurvy guinea pig to elaborate adequate amounts

of cortisone. This agrees v.ith the hypothesis presented at the

start of this paper*

ihase Two

fixing differences appear when the ACTH and cortisone

injected guinea pigs are oompared* Post mortem examinations of

those animals v/hich reoeived cortisone showed they were fairly

olose to death at the time the experiment was terminated* 1-

though they had been losing weight they were, from all external

appearances, still normal animals* On the other hand, the ani-

mals receiving ACTH developed scurvy symptoms more rapidly than

the negative controls of Phase One* Clinical symptoms of scurvy

appeared about the fifth day of the experiment*
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It is tao'.n that the injection of AOtB do. letas tho adrenal

oortex of asoorblo ,.oid i throe to four hours, so tho sal*

mals rocsiviii : the ind no vitamin in their diet should

show tho symptoms of scurvy mora rapidly than the animals which

did not receive .

In addition to the earlier development of scurvy, these ani-

mals also developed a nervous disorder deaaribed in tho experi-

mental results* This nervous disorder may be a symptom of whet

is known as the "Ocnei Syndroms," (17) and oould be

caused by abnormal stress, by an exoess dosage of MM or by a

dosage of ACTfl whan the body oan not respond in a normal Banner*

hen additional ACTH was made av a, this work of iftase

Two was repeated by another studon,

These results indicate that the cortex of tho sourvy guinea

pig oan not produce cortisone under the influonoa of ACTS, This

appears to be true although tho cholesterol content of the cortex

has been found to be depleted by AGTH injeotlons 111).

This mists tho question of what becomes of the cholesterol

mobilized in the cortex* It may be that the eholestorol is con-

verted to one of the cortical steroids which is in a lower state

of oxidation than oortisone*
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NMI ..:: i© conclusions

1. Fourteen scorbutics guinea pigs wer*s injected sub-

cutaneously daily v.ith 5 mg of cortisone acetate.

2« Three scorbutic guinea pigs were injected with 2 mg

of AOBI at 12 hour intervale.

3. For ooaparison purposes, 19 guinea pigs were kept on

the soorbutic basal ration.

4. Nine guinea pigs were used as a positive control and

received adequate vitamin C.

5. Records were kept on the weights of the animals and

of the appearanoe and development of the symptoms of scurvy.

Special attention was paid to the development of soreness of

the Joint •

6. The guinea pigs were all posted and records were made

of the observed macroscopic lesions.

7. Tissues were prepared for microscopic studies. The

results of these studies are not included in this paper.

8. The average survival time of the 19 negative controls

was 17 days, and their average weight at death was 206 ga.

9. The average survival time of the 14 animals receiving

oortisone was 37 days, and their average weight at death was

228 gm.

10. The average survival time of the three animals re-

ceiving; ACTA was 16 days, and their average weight at death was

211 go.
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11* The guinea pigs used as negative controls developed

the usual symptom of scurvy, soreness of the joints. This

symptom was not present in those uinou pigs which reoeioed

cortisone but was present in the three animals receiving ACTB*

12. The post mortem examination results showed somewhat

less hemorrhaging in the Joints of the guinea pigs which r

coived cortisone than in the joints of the negative controls*

There were no major differences in the other tissues*

13* The results of this experiment seem to warrant the

conclusion that the adrenal cortex of the scorbutic guinea pig

is unable to produce suffioient cortical hormones to prevent

joint lesions*

This would suggest that vitamin C, which can not be synthe-

sized by the guinea pig* Is essential to the production of these

hormones*



19

CKllO LSQQUmfSS

Inoere thanks are expressed to Dr. «T. 3,

Hughee for his generous gift of time, effort

and advice in connection with this project,

and to Dr. . . Merrick and Dr» D. B« iferrish

for asking equipment and records available.

The author xvishes to acknowledge Uerok

end Company, Inc., aln.a;;, Nm JVrsey, for

providing the cortisone used in this work,

and The Lederle Laboratories, Division of the

American Cyanamid Company, New York, New York,

for furnishing the ACTH.



20

LITERATURE CITED

( 1

)

Anonymous

•

A progress report on cortisone. Rahway: New Jersey.
Merck and Company, Inc., 1949.

(2) Hartman, F. A. and K. A» Brownell.
The hormones of the adrenal cortex. Science. 72: 76.
1930.

(3) Heard, R. D. H.
Chemistry and metabolism of the adrenal cortical hor-
mones. The Hormones, Volume 1. Edited by G. Pincus
and K. V. Thimann. New York: Academic Press, Inc.,
1948.

(4) Kendall, E. C
The consideration of some of the glands of internal
secretion from a chemical viewpoint. Endocrinology.
15: 357. 1931.

(5) King, c G.
The chemistry of vitamin C, Chapter 17 and The
physiology of vitamin C, Chapter 18. The Vitamins.
Chicago: American Medical Association. 1939.

(6) Kupperman, Herbert S., Yiilliam H. Elder and Roland K«
Meyer. Effect of desiccation and storare on the
gonadotropic activity of the pituitary gland.
Endocrinology. 29: 23. 1941.

(7) Li, Choh Hao, Herbert K. f 7ans and Miriam E. Simpson.
Adrenocorticotropic hormone. Jour. Biol. Chem.
149: 413. 1943.

(8) Long, C. N. H.
The relation of cholesterol and ascorbic acid to the
secretion of the adrenal cortex. Recent Progress in
Hormone Research, Volume 1. Edited by Gregory Pincus.
New York: Academic Press, Inc., 1947.

(9) Mannering, C J.
Vitamin requirements of the guinea pig. Vitamins and
Hormones, Volume 7. Edited by Robert 8. Harris and
Kenneth V. Thimann. New York: Academic Press, Inc.,
1949.

(10) Mason, Harold L, Charles S. Meyers and Edward C Kendall.
The identification of a substance which possesses the
qualitative action of cortin; its conversion into a
diketone closely related to androstenedrone. Jour. Biol.
Chem. 116: 267. 1936.



21

(IX) Oestorling, 13* Jane, and C. . . .

»drenal oholesterol in the scorbutic guinea pj .

Soienoe. 113: 241. 1951.

(12) Sarrett, L, .

Partial synthesis of pregaene-4~triol-17(/6), 20U9),
21-dione»3» 11 and prQcnene-4-<iiol-17^)* 21-trlone*
3, 11, 20-monoaeetate. Jour, Biol* Jhem. 162: 501.
1946.

(13) Jayer-, ., . • ayers, . r. Liang *»fl • Long*
The oholesterol and ascorbic acid oontent of the
adrenal, liver, brain and plasma following hemorrhage.
Endocrinology* 37: 96. 1945.

(14) oayers, G-*, . • -ayors, T» Y. Liang and 0« . . Long*
The effect of pituitary adrenotropio hormone on the
oholesterol and ascorbic aoid oontent of the adrenal
of the rat and the guinea pig* Sndoorinology. 37:
1. 1946.

(15) •: -ayers, C, Abraham hite and C. . • Long*
Preparation and properties of adrenotropio hormone*
Jour. lo. Cham, 149: 425. 1943.

(16) chaff enbti: , ., G* . . Wason and A* C. Corcoran*
Interrelationships of desoxy-cortioo3terone, corti-
sone, and vitamin C in the genesis of mesenchymal
lesions. oo, Expt* Biol, and led. -too. 74: 358*
1950.

(17) oelye, Hans,
The general adaptation syndrome and diseases of
adaptation. Jour. Clin. Endocrinol. 6: 117. 1946.

(18) :;elye, Hans.
Textbook of endocrinology. Kciitreai: Canada. ACTA
BPdoorinologica , Inc., 1949.

(19) imith, .hillp .

Hypophyseotomy and a replacement therapy in the rat.
Aaer* Jour* teat* 45: 205* 1930.

(20) cJvirbely, J. L« and A. izent-Gyorgyl*
Hexuroni old as the antiscorbutic faotor. Biocheft*
Jour. I 865. 1932*

(21) ^wann t H. G,
The pituitary adrenocortical relationship. Physio-
logical Heviews* 20: 493. 1940.



22

(22) Swingle, -v. ., and J. J. Ififfnor.
The revival of comatose* adrenalectomised oats with an
extract of the supcrenal cortex, cienoe. 72: 75

•

1930.

(23) Tepperman, Jay, Frank L. Sngel and C. K« II. Long»
A review of adrenal cortical hypertrophy. Endocrino-
logy. 32 J 373* 1943*

(24) Tyslov.itz, B.
Sffect of hypophyseeto&y on concentrations of ascor-
bio acid in adrenals of rat. Xndocrinoloey. 32: 79.
1943.

(25) ,'augh, . t., and c. . idng.
The vitamin C activity of hexuronic acid from supra-
renal slands. Science. 76: 630. 1932.

(26) wilson, Barbara Jane.
Some effects of cortisone on vitamin deficient
guinea pigs. Unpublished M* 3. thesis, Kansas State
College, Manhattan. 1951*





24

Appendix On©

Phase One - Experiment One

Table !• Weight rocord of Group 1, negative control group.

Animal: T»umb er o days : .survival t V. eight
nuinber: 4 8 12 16 : time : at death

IS 365 370 340 300 15 235 gra

14 285 290 350 320 277 19 225 gm

15 245 260 280 255 210 19 185 gm

16 280 305 340 310 261 19 225 gra

17 245 260 260 240 195 16 195 gm

13 225 240 260 225 •• 15 188 gm

25 275 265 270 275 233 21 190 gm

26 300 315 305 300 262 20 215 gm

27 320 340 340 340 282 20 226 gm

28 240 260 265 265 233 19 200 gm

29 265 260 265 250 187 16 187 gm

30 245 260 265 270 216 20 173 gm



Animal:

number:

Number or days

8 12 16 21 26 30 35 40 45

31

32

33

34

35

36

315 350 370 390 409 442 428 431 414 433 478

270 305 290 270 283 282 280*

305 315 330 340 334 355 363 371*

246 260 260 290 295 312 314 322 319 347 367

265 295 315 330 340 350 340 312 287 272 310

240 245 240 240 238 235 227 216 ::
"

Posted for comparison with animals from other groups



26

Table 3. y.eight record of Group 3t animals receiving cortisone.

Animal

:

Number of days
number: 8 12 16 21 26 30 35

.'s'ur- : .

.

' ^T
-—-'vival: at
40

J

time : death

19 280 310 320 330 305 340 365"

20 250 265 285 290 284*

21 245 265 280 235 282 296 306 268 236

22 325 355 365 380 375*

23 285 315 345 350 341 380 367

24 235 285 345 350 346 361 377

37 206 gm

348 327 301 43 261 gm

374 354 321 45 25C;

Posted for comparison with animals from other groups.

Phase One - Experiment Two

Table 4. v eight reoord of Group 4» negative control group.

Animal

:

Number of clays : Survival : Might
number: 4 ll 14 : time : at death

41 292 271 199 12 175 gm

42 299 273 10 182 gm

43 341 314 9 219 gm

44 254 282 263 235 15 230 gm

45 277 268 209 202 14 202 gm
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Table 5. V,e! reco rd of Group 5» positive control croup.

Animal: .iiber of days
.Sur- .' ol;;ht

at
: deathnumber; 4 11 14 22 29 36 43

" " vival
63 69: timo

59 309 270 229 225 15

. ,
i i

222 gm

SO 268 261 289 288 317 359 401 418 460 516

61 207 270 1 204 gm

62 287 263 300 202 336 370 367 371 409 450

64 252 254 285 289 269 294 311 329 359 416

Table 6. 1 eight record of Group 6, animals receiving cortisone.

Animal

:

Number of days . ;>ur- .ght
at

: death
number: 4 11 14 22 29 36 43

vival
63 69 : time

47 257 266 238 231 17 178 gm

184 gm48 276 281 236 214 15

49 341 363 366 358 299 318 355 317 51 243 gm

51 299 325 316 286 17 200 gm

52 292 265 285 306 315 341 314 325 297 281 69 281 gm
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Phase Two

Table 7« Weight record of 7, animals receiving cortisone*
and Might r :c rd of Group 8» animals receiving ACTH.

Animal: Number of days .^uryval, y eight

nuraoor: 5 12 19 26 45 51 :

time
: death

Group 7

54 203 205 215 210 230 210 173

57 240 260 295 305 310 260 255

58 380 390 420 398 380 350 280 »

Group 8

53 265 250 9 235 gm

55 300 315 350 317 230 27 208 gm

63 220 215 177 12 177 gm

Experiment terminated at 51 days*
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Appendix Two

These graphs show a comparison of the general condition

of the groups at various times during the experiment.

The graphs were prepared in tha folic manner. The

weights of the animals were averaged and plotted against

time until the first animal died. This is represented by

a solid line on the graph. Then the average weight at death

and average time of death was plotted and a curve was com-

pleted to this point as a dotted line. The range of sur-

vival time and weight at death is shown bj the horizontal

and vortical lines through the point of average woight at

death and average survival time.
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Fig. 1. Phase One, Experiment One; Comparison of
the average weight and survival time of
the various groups

.
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o— o Group 4
x—x Group 5
^—A Group 6

Negative controls
Positive controls
Animals receiving cortisone
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Pig. 2. Phase One, Experiment Two; Comparison of the
average weights and survival time of the
various groups.
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x—x Group 7 - Animals receiving cortisone
o— o Group 8 - Animals receiving ACTH

400-

§.

-p

Xi
bO
•H

300

200

100 —i 1 1
1 i t '

10 15 20 25 30 35 40
Number of days

5045

Fig. 3. Phase Two; Comparison of animals receiving
cortisone and animals receiving ACTH.
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The discovery that cortisone will relieve the symptoms of

rheumatoid arthritis along with the fact that vitamin C is in-

volved in the functional activity of the adrenal cortex suggested

that the arthritic-like lesions in the joints of scorbutic guinea

pigs might be due to the failure of the adrenal cortex to pro-

duce cortisone. The objective of this experiment was to test

the hypothesis that the joint lesions of scorbutic guinea pigs

are not due directly to. the vitamin C deficiency, but indirect-

ly due to the inability of the adrenal cortex to synthesize

cortisone when ascorbic acid is not available.

The experiments were divided into two phases. In the

first phase the effects of injecting cortisone on various lesions

of scorbutic guinea pigs were studied. In the second phase

the action of ACTH was compared with that of cortisone.

Those animals which received only the basal ration rapid-

ly developed the typical symptoms of scurvy while the animals

receiving the basal ration plus adequate vitamin C developed

normally. This showed that the basal ration was adequate ex-

cept for the lack of vitamin C. The animals receiving corti-

sone in addition to the basal ration did not develop the

typical macroscopic joint lesions of scurvy. The animals re-

ceiving ACTH developed typical symptoms and lesions of scurvy

even more rapidly than those animals merely receiving the

basal ration. This could be because the ACTH accelerates the

depletion of the vitamin C reserves.



These results led to the conclusion that the adrenal cortex

does not produce sufficient amounts of the cortical hormones to

prevent the joint lesions. A probable explanation for this is

that vitamin C is essential to the production of cortisone.

One theory is that since vitamin C is easily oxidized it act3

as a part of an enzyme system in synthesizing this compound.


