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HORMONAL INFLUENCES ON CATALASE ACTIVITY
CHAPTER I
INTRODUCTION

; ‘It ig becoming ipcreasipgly eyident that hormone§ exer
fheir régglatg:y gffects on tissues and organs by affectipg
rates”of enzymatiec processes. 'Although the effect ofﬂhormone
on the'body, even in minute quantities,_is usually marked,
the”pgecisg_ghemica} fgnctiong o? thguvariou§ hg:mopgg
remained totally obsggre.until the concept o£ hquong-epzyme
inter-relation;hi§SMWas derived. With this concept‘as a
working hypoﬁhesis such progress has been made in the last
tén years tpat it is now possible to give many_exgmple;(ofw
enzyme systems whicp_are influenced by endocrine substances.
Several recent reviews, Dorfman (1952), Lieberman (1953),
Porter (1954), Verzar (1952), serve a&mirably in this manner.
Invesfigators iﬁ thié field seem to agree tpat‘hormone
may exert their inf}uence on enzymes in“qne of four P°§§ibl9
ways: (1) by changes in enzyme concentrations in the tissues
(2) by the hormone functioning as a component of an enzyme

system, (3) by the hormone accelerating or inhibiting an

t
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{éﬁiyme system, or (4) by direct or indirect effects on

}accelerators and/or inhibitors of enzyme systems.

1

i With this concept of hormonal regulation of enzyme
| v e

activity in mind the present study was undertaken in an
%attempt to determine whether the enzyme catalase is affected

[ .
by endocrine substances. The physiological role of catalase

has not been fully clarified and it was felt that if some of
éthe ?actors that influence its activity were better known

|
iperhaps its physiological function could more readily be

understood. ‘

Until recently it was believed that the function of'
.cata;ase was only a protective one againstAthe toxic effect.
of hydrogen poroxide by promoting,the degradation of hydroger
peroxide to water and oxygen. ”Kéilin and Hartree (1954),
however, have shown that catalaée may in addipion funotion
in coupled oxioationsa Thoy observed the oxidatiop of
alcohols to aldohydes in the p;esenco of oatolase_and
hydrogen peroxide olowly generated oy ohemica1 reactions
or furnished by the action of an enoyme such as xanthiho
oxidase. Methanol; ethanol, N-p;opanol, ioobutanol,_agd
ethylene glycol were shown to undergo oxidation in“thish
system. From this study Keilin and Hartree concluded that

although catalase does promote the decomp051tlon of hydrogen

peroxide into water and molecular oxygen, thereby protectlng

%ﬁ}ls from the toxic effects of hydrogen peroxide, the
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{ééf&iysis of couéiééhbéidations by means of_hydrdgen peroxid
gformed in a primary oxidation is the most important biologic
%property of catalase. Theorell (1951) and Chance (1951) are
also of the opinion that the chief phy31ological function of
:catalase is its ability to catalyze coupled oxidations.

% The mgchanism of action of catalase can bg more readi
iunderstood if it is described in the form of equatlons. Thg
1accord1ng to the old theory of its action the enzyme (E) com
biged with the substrate (8), which is hydrogen peroxide, to
give an enzyme-substrate coﬁplex (ES)._ This complex then :
breaks down spontaneously to give the enzyme plus products

(p).

(Equation I)

ES= -5 + P

Due largely to the work of Britten Chance (1951), the gbp—

éecutive reactién théory for catalase is now the generally

|accepted mechanism for its action.

E + 5= 7ES T
(Equation II)

ES + 8= 7E + P

Here a hydrogen.peroxide molecule (S)? which is the specific
substrate for catalase, reacts witp éata1g§e (E) to‘form the
enzyme-substrate complex (ES); an additiona}_moiecui; of

hydrogen peroxide then reacté with the engyme-substratg com-

lplex togive the enzyme plus—products (P), which are water —

e

al
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ééﬁafaxygen in this case. This theory of two consecutive

bimolecular rgactions (Equation II) is in contrast to the

;older idea that the activity of catalase could be desc;ibed
iby a single bimolecular reaction followed by a spontaneous

;monomolecular reaction (Equgt;on‘I). The questibn_then arisgs
gas to how the reactiqn of Equation II‘éan account for the

fcouplgd oxidation reactions in which catalase is known.to

Eparticipate. Equation II_cgn be written in a more general
iform that will-allow explanation of both propertigs of

catalase, i.e., the coupled oxidation reaction and the simplé

decomposition of hydrogen peroxide.

E + S= --5S T ’
(Equation III)
Here AHp represents a hydrogen donor molecule which may be
an alcbhol. Using ethyl alcohol as an example to demonstrate
a coupled oxidation reaction, the equation Would'be

E + HpOp—E-H50, (Equation Iv)

B-H0p + CpH50H«——E + 2 Hp0 + CH3CH=0

In the case of the simplg decomposition of hydrogen peroxide,
é second hydrogen peroxide mplecule would serve as the hydrogen
donor and react with the catalase-hydrogen peroxide complex
in this ménner:

E + HpOpe—rE-H,0, (Equation V)

| E-Hp0p + HoOpe——E + 2 Ho0 + Oy
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?F;Sh this it is clear that the conéecuti;é reaction theory
iaccounts for both observed actions of catalase, i.e., the
- : e - T .

decomposition of hydrogen peroxide to water and oxygen and

?the function of catalase in coupled oxidations.

‘One further interesting aspect of the coupled oxidati

'actlon of catalase arises from the recent work of Tauber
'(1954) He demonstrated that dilute solutlons of crystallin
‘catalase, in the presence of hydrogen peroxlde, can ox1dlze
fa varlety of large molecule§ by goupledwox1daﬁ19n. Thusg

1

alpka-naphthol and p-phenylenediamine are oxidized to inde-

ephedrine sulfate and tyrosine are coupled With catechol by
oxidation to form éolored coﬁpounds. Pyrogallolvis oxidized
to the insoluble end product purpurpgallin and catecho; is
oxidized to solub}e products of different colors. This work
suggests.another important rple of catalase since numerous
complex cdﬁpounds found in nature can pe derived from simple
phenols and phenol derivatives by oxidative coupliﬁgs
Investigato?s in the field of cancer have for many
years héd an interést in the relaﬁionship“between‘catalase
activity and malignant growths. In.the early years‘of @h%sm
century Rosenthal (1912), working with mice, and Brahn (1916
studying cancerous-tissﬁes of man, came to the cohclusion th:

liver catalase act1v1ty is depressed by mallgnant growths.

It was not, however, until 1941 that active interest in this

phenol purple; p-aminobenzoic acid, sulfathiazole, adrenalin)

on

l'

)5
0t
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{éﬁgject was revived, largely through the work of Greenstein
Eand his co-workersf Their findings have recently been
‘summarized (Greenstein, 1947) and show the following facts:

1. The decrease of liver catalase is progressive with
the growth of the tumor and is most marked in animals
bearing rapi@ly growing tQmors.

2. The effect is reversible, iée.; the liver catalase
activity returns to normal after execision or sﬁon-
taneous regression of the tumor. This return to a
normal level is rapid; often seen within 24 to 48
hours after removal of ﬁhe tumor.

3. Of the othe? 1iv¢r enzymes §tudied in tumor-bearing
rats, only argina§e showed any decrease in;gctiyity.
The reduction in activityfofuthis enzyme was much"
less striking than that of catalase.

L. Kidney catalase activity is depressed much less than
that of liver; only in mice with spontaneous mammary
tumors is it lowered as much as; or more than, liver

catalase.

\%4

5, The depression of liver catalase is not due simp1y te
the presence of growing tissue, since pregnancy or
growing implants of embryonic tissue fail to affect

it.

L

Investigators, assuming that the nutritional state‘a

Lannernns_animals_mighi_hg_thg_impgziagi_jactor involved in
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1the 1ower1ng of catalase act1v1ty have made numerous attempts

I

;to influence the liver catalase of normal animals by diet.

EGreenstein (1941) found that a 3-day fast had no effect on

liver catalase activity of rats. Weil-Malherbe (1948)

\reported that the catalase activity of normal rat liver was
|
not significantly changed by a high (45% casein) or a low
|

1(18% casein) protein diet.

% Although it is a well established phenomenon of cancer,
‘the mechanism by_which a distant tumor affects liver catalase
Qemains unknown. Of the several hypotheseskproposed; t?e
one that seems te have the strongest experimental support»
suggesps that the effect is p?oduced by one or more substances
elaborated by @he cancer cells and.releesed into the blood
stream. Nakahara and Fukuoka (1949) have reported the
isolation of a proteose-like material from humen cancers
which; when injected intrape?itogeally intohmice, produces_a
marked diminution in liver catalase. This f;action ie water
soluble and alcohol insoluble; it could not be ieoiated from
normal tissue, even that adjacent to the tumor, and it had
no effect in g;ggg on homogenates of normal liver. Greenfield
and Meister (1951), Adams (1950), and Appleman (1950) have
confirmed these flndlngs with experlmental tumors and have
succeeded in concentraping tpe "gnti-eapalase”fractlon."

The preparation of Greenfield aﬁd Meister caused a significant
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f&f&b in liver catalase activity within 12 hours after it was

!injected intraperitoneally into mice. At 2h hogrs after

@injection of the preparation catalase activity was lowered
by more than 50% and after 72 hours the activity was back

‘within normal limits. The depression of liver catalase

%activity was not accompanied by a significant decrease in
| N - _ - ,

éliver lactic dehydrogenase, dehydropeptidase, and glutamic-

ialanine transaminase. The activity of the tumor fractions

was not affected by digestion with 6é N HCL for 48 hours.




CHAPTER II
EXPERIMENTAL PROCEDURE

Albip rate of the Holtzman strain were used as experi—

mental animals throughout this study. In order to minimize
‘the variability between groups of animgls; each expe;igent
was carefully controlled by using animals of the same agé and
sex. Determined values of catalase activity of the livers of
experimental and untreated énimals were compared. Data éo
derived; as set forth in the va:ious tables to follow; were
treated statistically and the probability established:

Catalase activity was measured by the method of
Felnsteln (l9h9) Thls_metpog cpns1sts of nhe.use of.sodium
perborate as the substrate gnd gf the detgrminatign of th§
perboratevremaining after catalase action by titration with
potassium permanganate.

The livers were removed from the animals under light
ether anesth951a and were 1mmed1ately placed 1n cold phosphate

buffer (M/15; pH 6 8) to remove the excess blood. The tissup

was then blottedvdry, placed in a glass container and immeﬁi-

ately frozen in a deep freeze unit. 1In earlier experiments
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(Troop, 1953, unpuﬁlished th651s) we found that freezing of}

lrat llver at -18 degrees C., for perlods as long as 12 days
;had no apparent effect on the catalase aetivity.'
~ After being frozen for at least one day but never

Qonger than three days, a sample was taken from each lobe of

i .
the 1iver. The samples from any one liver were combined,

i
i

welghed and finally homogenlzed in %ten tlmes their weight oi‘i

?
1ce-cold phosphate buffer (M/15; pH 6 8) for one minute in a

| "
Waring blendor with a micro-attachment. A one ml. sample of}
|

the homogenate was then diluted 1:50 with triple distilled
water giviog a final dilution ofi1:500, and the catalase
activity determined.

The substrate, as mentloned above, was 1 5% sodlum
perborane, tetrahydrated, adgusted to pH 6 8 with concen-
trated HCl. Eight ml. of substrate and 1.5 ml. of phosphate
buffer (M/lf; pH é.s) were placed in a series of four 125 ml.
Erlenmeyer flasks. The flasks were covered with watch—glasse
and immersed in a bath at 37 degrees C. for exactly 15 minute
after which 5.5 ml. of water wes added to the first flask,
6.5 ml. of the tissueAhomogenate to the next two flesks.
(giving duplicate determinations for eech animal)? and_0.5
ml. of water to the fourth flask. After exactly‘5 minutes of
1ncubatlon, 10 ml. of 2 N sulfurlc acid were added to each

flask to stop the enzyme ac¢tion. The contents of the flasks

S
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‘were then titrated witnrnéandard potassium permanganate. The

ititres of the first and fourth flasks, containing perborate
|7 . o

land buffer as in the test flasks, but with water replacing
| )
fthe hpmogenate, were used as base points from which to cal-

gculate the perborate destroyed by the enzyme. At various

étimes throcughout this study the permanganate reducing capacity

Eof liver tissue itself was determined. For this purpose an

éadditional flask was usad containing ﬁissue (1:500 dilution)|
gnd buffer but with water replacing perborate. At no time §
was thg liver tissue factor alone great enough to register og
the micro-pipette used for t;nration.

The enzyme acpivity was expressed as millieéuivalents
of sodinm perborate destroyed per gram; wet weight; of tissue
under the conditions specified above.

Cortisone was thg first synthetic steroid studied for
its effect on liver catalase in the intact rat. Tab;e I
presents the data obtained from 24 rats. Theugnimals were
divided into four groups; eacn containing 6 rats. Group 1l
was maintained as cgn?rols, reneiying no treatment. The.
animals in group 2 were injectgd with 2 mgm. of cortisone
acetate subcutaneously each day for 15'days before being
sacrificed and their livers removgd and assaygd for natalase
activity. Those invgrouP 3vreceiveq 5 mgm. of cort?sqne»

acetate each day for 17 days and the ones in group L, were

Tiveor YO0 mgm: daily for-15-dayss




TABLE I
LIVER CATALASE ACTIVITY AFTER VARIOUS DOSES OF CORTISONE

’ , _'_ _ Number of Adrenal Change in o o
Group Treatment _Animals Weight  Body Wt. Activity® Range
1 CONTROLS 6 21.6 mg - 798 (760-874)
2 CORTISONE - o
(iggdday3 6 18.8 ~42 gm 588 (500-678)
ays - . )
3 CORTISONE : : - o L
( iggé dayi 6 1he5 ~100 468 (431-509)
, ays : ,
A CORTISONE : o o
(1omg/day; = 6 16.1 -121 397 (364-434)

15 days)

# milliequivalents of sodium perborate destroyed per gram of tissue.
## gignificant at .1% level of probability.

This table was reproduced from Masters Thesis: The Effect of Cbrfiéohé on Rat Live:

_Catalase Actlv x. R. C. Troop, Unlver31ty of Oklahoma, School of Medlclne, 1953.

[
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{ - The catalase activity of the liver was found to
| ,

gdecrease progressively as the dosage of cortisone was iﬁcreasmL
iDoses of 2 mgm. gave a 26% depression, 5 mgm. a 41% depression,
génd finally the»lO mgm. dosage gave a 50% depression. The |
Eincrease in dpsage also caused a decrease in both adrenal
'weight and body weight.

! After observing this marked response to cortisone, it
:was decided to study the effeét of édrenocofticotropic hormone
(ACTH) on this enzyme system. Two experimental groups of
animals were used (Table II). One group was given 2 mgm. of
AGTHl per day, sgbcgtaneousiy; for 12 days and_the other
grbup was injected W;th 5 mgm. of ACTH daily fqr 1h‘§ays.
The rgsults weremnegative.in.that neithgr of tpe treﬁted
groups showed a ﬁignificant differepce ﬁrom.the conﬁrol group.
It must be pointed out, however; that data derived from the
group receiving 5 mgm. of ACTH each day were on“the bor@erline
of statistical signifigance;‘indicating that a se:igs pf'
animals receivinguhigher doses of ACTH might yield data w?ichl,
would be significantly di:ierent. As will bg shown later,“
this experiment has now been repeatgg yith»larger groups of

animals and higher doses of ACTH, but at no time have we

observed a depression of cataléée activity with ACTH. This

larmour's ACTH, lyophilized, Standard LA-1-A. This
preparation was used throughout this work except where
otherwise indicated.




TABLE II

LIVER CATALASE ACTIVITY FOLLOWING ACTH TREATMENT

B Nﬁmber of Adrenal Change in
Treatment Animals Weight Body Wt. Activity Range
CONTROLS 6 21.6 mg - - 798 (760-874)
ACTH - e N ,
(2mg/day; 6 2645 -11 gm 728 (613-844)
12 dayss
ACTH ' B ’ T
(5mg/day; k 31.0 -29 7L2%¥ (629-769)
14 days$ v

¥ not significant at 5% level of probability.
#* significance doubtful.

This table was reproduced from Masters Thésis: The Effect of Cortisone on Réf'Live{
Catalase Activitz. R. C. Troop, University of Oklahoma, School of Medicine, 1953.

7T
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fiﬁtergsting difference between the action of cortisone and

ACTH will be discussed later.

f
{

| »The'in?luence of ACTH on liver catalase activity was
'studied further in four additional groups of rats (Table III).
The animals‘in groups l”and 2 were-females; those in group
two received lyophilized AQTH_(Armour's) in saline at the
rate of 2 mg. daily for 6 days. The liver catalase activity
‘did not.differ‘significantly from that of the untreated
female cogtrqlg; The anigal§ in groupsHB and 4 were males.
Gréup three_was maintained as cpntrols and group A4-was given
ACTH in a gel prepara?ionl. Six units (1 unit gquiy&lgnt to
one mgm:) were_injected subcutaneously daily fo; six éays.
Here again there.was no aiffgrenge in cata;ase activity
between treated and control gnimg}s, indicating that AGTH
doe§_npt depress Phg 1iv§r catalase'gctivity in“the rat. The
enlargement of the adrenals in the treated animals in groups
2 and 4 indicated that a systemic response was elicited from
the ACTH. )
Comparison of groups 1 (female controlg) and 3 (malé_
controls) of Table III gives a'definite ipdicaﬁion”of é sex
différenée in liver catalase activity; the males having.mgch
thé higher value. Because of the pqssib}e impo:?ance of a

sex difference in the hormonal control of catalase activity,

lgourtesy of Dr. S. L. Steelman, Armour Laboratories,

luﬁuuuuule@a:imsn$+_ﬂhinagn+_lll¢_ihgggzécting HP ACTHAR Gel).




Grotg
1

Treatment

CONTROLS
(females)

ACTH
(fémales,
2 mg/day;
6 days)

CONTRQLS
(males)

ACTH-gel
(males,
6 units/ °
day; 10

days)

Number of

‘Animals

6

 TABLE III

Adrenai

Ghange in
Weight Body Wt.
26,9 mg -
32'6 Lot
18.7 +50 gm
22.5 +29

* not significant at 5% level of probability.

Activity
L4l

L65%

. 957*

LIVER CATALASE ACTIVITY IN MALE ANQéFEMALE RATS FOLLOWING ACTH TREATMENT

Range

(339-497)
(418-499)
(850-1077)

(818-1076)

9T
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this point wasrinvestigated further. Fifteen untreated rats

of the same age were used. ZEight of the animals were males

and seven'of them were females. Table IV shows that the liver

?atalasg activity of the male rat is approximately 25% greater
%han the corresponding activity of the female.

i
t

TABLE IV
SEX DIFFERENCE IN LIVER CATALASE ACTIVITY

Number of R N
Sex Animals. Activity Range

MALES 8 967 (850-1077)

FEMALES 7 752 (644-83L)

A sex difference in catalggg actiyity of thg livers of
animals has been noted by other investigators. Adams (1956)
foupd the liver catalase activity in the male mouse to.be |
frqm 20 to 30 percent higher than in’the’fepale mouse. Schiﬁme
and Kuiken_(}?hl) noted a greater liver catalase activity in
male'rats than ih female rats but their experiments were not
controlled in.a manner that will allow a quantitative value
to be given fqr the dif;ere?ce. |

With this sex difference in Yiew,_it was of immediate
interest to determine whethgr catalése activity could be
éuantitatively affected by appropriate sex pgrmone admin;-
stration. To this end a ngmbgr of femals rats were given

+estosterone as shown in Table V. The animals in groups 1

Eﬁa‘z—WEfé—mature-famaiesf—the—vnes—in—group—Q—Teceivedr—————

UNIVERSITY OF OKLAHOMA
LIBRARY.
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TABLE ¥ |
LIVER,CATALASE ACTIVITY IN FEMALE RATS AFTER TESTOSTERONE TREATMENT
T L Number Adrenél Change in T o
Group Age Treatment Animals Weight Body Wt, Activity Range
1 mature CONTROLS 5 - +15 gm 490 (449-518)
2  mature TESTOSTERONE .
(5mg/day;10 6 - =7 580 (511-630)
days, subcu=. . |
taneously) !
166 d. CONTROLS 7 27.2 mg +7 636 (516=742)
L 166 d. TESTOSTERONE - .
(2 ca. 20mg 8 22.1 +11 727%%  (683-826)
pellets sub- : ,
cutaneously
for 12 days) - . .. ...
5 79 d.  CONTROLS 7 28.9 +36 752 (644-834)
6 79 d.  TESTOSTERONE - : '
< (5mg/day; 11 8 19.9 +27 717 (64,9-828)
days, intra- :
muscularly)
* significant at 1% level of probability.
#% gignificant at 5% level of probability.
##% not significant at 5% level of probability.




19

[Eéstosteronel, 5 mgm. daily subcutaneously for 10 days, after

which the livers were removed and assayed for catalase activ

ity, The_treated animals had a significantly higher liver

o

catalase'activity than the controls. The significance of th
Ediffe;-ence between the means of these two groups was at the
’l% level of probability.

Thg animals in groups 3 and 4 were also mature females.
The rats in group 4 received.implants of two 26 mgm. testps-
terone pellets2 sgbcutaneously 12 days before the liver was
éxqis;d for assay of its catalase activityf It was calculated
that approximately 6.6 mgm. of the implanted:haterial was
abserbeg per day. 'gereJagaén the testosterpne trgatgd anigals
had greater liver catalase activity than did their controls.

The difference is not so great as in groups 1 and 2 but it ic

i

statistically acceptable at the 5% level of probability.

| F?nally, the'immatgre female rats in groups 5 andué
were stﬁdied._ The animals in group 6 were injected infra-
muscularly wiih 5 mgm. of testosterpne3 daily for a period of
11 days. The diffgrence in thg liver éatalaée'activitydpg
these two groups was not statistically sign%ficant. ?hi;
immediately rgisgs a qgestion as to why testostgrone failed

to raise the catalase activity,in_this group (group 6) as it

%

lRepositol Testosterone, Pitman-Moore Co. -

20reton-F Pellets; Courtesy of Dr. E. Henderson, Schering
Corporatlon, Bloomfield, New Jersey. .

30reton-F, Aqueous Suspension of testosterone U.S.P.
- Courtesy of Dr. E. Henderson, Schering Corporatlon.
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?did_iﬁ“éESEsgméwéﬁdwl:” Possible reasons for this difference
will be discussed later.

Since tegtosterpﬁe promotes an increasemip_catala§e
lactivity whgn gdministered to the_mature female rat; it was
felt that castration of the male animal might reduce this
enzyme activity. chprdingly a group of 8 male_rats was

cgst;a#ed andhthe catalase activity of their livers was com-

]
i
i

pared With“tﬁat of the l§Vers of 7 contrpl égimals._ Taple VI
shows the results of this pfocedure. The'operated animals |
. DO . A . |
were castrated via phe»apgomipgl approach ten days be?qre
they and tﬁeir controls were sacrificgd"anq gpalyged fpr »
enzyme activity. Although the average catalase value for the
castrated group was slightly higher than for the centrol group

the difference did not stand when the data were statistically

analyzed.

When hydrocértisone.becaméravailablg to ﬁs, ;ts influ-

ence on‘catalase activity was»tgsted; w?his cgmpogn§, unlik9
cortisone, is considered to be a true secretory producy of the
adrenal cortex (Hechter and Pincus, 1254). Hydrpcortisopelh
was administered by stomagh»tubgvat the fgte'of 5_mgm. permday

for 10 days. The recent work of Hyde (1954) has shown that

llHydrocortOne Acetate, saline suspension, Sharp and Dohme
Courtesy Dr. Elmer Alpert, Merck and Co., Rahway, New Jersey,
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TABLE VI

EFFECT OF CASTRATION ON LIVER CATALASE ACTIVITY IN MALE RATS

Condition” Number of Change in Adrenal '

of Animals Animals Body Wt. Weight Activity
GONTROLS 7 +12 gn 20.2 mg 712
CASTRATED 8 -23 20,7 655%

¥ not significant at 5% level of probability.

Range

(602-813)

(576-755)

<
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f'hAjr'Vcii.'mbcori‘.»:n’.sc;;l'e~.“.;I.sralmc;smt '.‘<:_'<>m.pletel;y' absorbed from the gastro

ﬁintestinalbtract when given in this manner. That good absorp-

‘tion occurred in this experiment (Table VII) is indicated by
| e o - LT : :
.the sharp reduction in adrenal weight of the animals given

Ehydrocortisone. The catalase activity was depressed 32%.in

'the treated animals making it apparent that hydrocortisone
! . SOt .

Eacts similarly to cortisone with respect to catalase activity.

i

| ' TABLE VII
LIVER CATALASE ACTIVITY AFTER HYDROCORTISONE TREATMENT

‘ Number of Adrernal Change in A
Treatment Animals Keight Bodvat. Activity Range

CONTROLS 8 18.1 mg +50 gnm '967 (850-107"
HYDROCORTISONE - - S -
(5mg/day; . 8 11.6 -2 654" (L41-865

10 days)‘ | | | _ _
% significant at 1% level of probability.

Effect of Aggepa}ecpémy on L@vég Catalaég'Act;#ity‘

It might be inferrgd tpat“sigce co:tica; hof@gne;
cause_g.depressigp of catalagg'aptivity, adrenalgctomyﬂwould
promote an ingrease in tpisvggzyme. To testwﬁhis assumption
the work in Table VIII was cafried out. These animals were

males, 77 days old.-

autopsy and maintained on dry sodium chloride gg lib. Théfe

was no difference in catalase activity of the two groups.

The operated group was adrenalectomized 12 days before
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o ~ TABLE VIII

? EFFECT OF ADREN@LECTOMY'ON LIVER CATALASE ACTIVITY

Condition" Number of Chinge .in

jof Animals Animals ~ Body Wt. Activity Range
.CONTROLS 8 +50 gm 967 (850-1077)
ADRENALECTOMIZED 6 £31 948 (896-1058)

Effect gg_Hzpophxgegtbmz and_Growth Hormone

Qg Cataléselﬂctivitz

In 1951 Gaebler and Mathies studied liver catalase

activit& in hypophysectomizgd rats.‘ They found a marked
increase iﬁ‘catalase activity in female rats afte: remoyal
of the pituitary, ‘Sgall‘dosgs of growth horgopg diq_nqt
lower the high catalase activity of‘thgsg operate@ animgls
but large doses reducedAthe e}evated lgvels towa:d np:mal.
Similar large doses produced small decreases of catalase
activity ;n”ngrmal animalgf

Our work alopg these same_lineé is“essentiallyvin
agreement with the findings of Gaebler and Mathies (1951).
This study was done on three groups of mﬁle rat§~0f fhé $g?e
égé. Groﬁp 1 (Table IX) was maintgineq és cbnt?olg, grdups
2 ;nd é ﬁe;e hypophyséqfopizg@_ﬁhgp~they were 55hdays old.
Group 2 received no further trgatﬁyn#mbut g?ouP.B"??ceiV?§ 
G.L mgm. of Armour's growth hormone”begipning.BO gays a;te? 1

operation and‘continuing through the 107th day postoperatively;
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;tomy, these animals received 0.8 mgm. daily of growth hormone.

% TABLE IX

| EFFECT OF HYPOPHYSECTOMY AND GROWTH HORMONE
ON LIVER CATALASE ACTIVITY IN MALE RATS

; ‘ ' o Nunber Adrenéi T o
Grou Treatment Animals Weight Activity Range
%‘"‘*E SEmSamelt e =5 ‘ = 3 ;
1 CONTROLS 3 21.9 mg 755 (646~8L7)
2 HYPOPHYSEC~ o -
| TOMIZED 5 5,6 871 (772-971)
3  HYPOPHYSEC-
TOMIZED ’ , I
plus A 8.1 849 (707~949)
GROWTH- .
HORMONE

Although it wgs'fglt that the“grguys ip this serieg were too
small to allow stgtistica; analysis, it appears that hypo-
physectogy promoted an increasevof catalase activipy while_
replacement therapy with growth hgrmo?e, in the small doses

used, did not cause an appreciable change.

Mechanism of Catalaée»Depression

by Cortisone and gzg;chgﬁisone
Throughout this part of thebstudy anhexPlanation of
the depressing effect of cortisone and hydrocortisone on
catalase was being sought. Two lines of evidepcehpe;suaded

us that the availability of iron for the synthesis of catalas

which by the work of Sumner and Dounce (1937) has been shown

;fféﬁwéﬁén unﬁiiwéafgﬁé&; ﬁﬂich was 170 days after:hypophysec%

36,
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ftb'ééifgln iron in its molecule, might be an important cog f
i . . ) : * . R t}
‘in the mechanism. First, Fukuoka and Nakahara (1951) have |
% - . ) . 1
‘reported that the depression of catalase by the fraction that

‘they isolated from tumor tissue can be neutralized by the

-

?injection of iron salts. It appears, from this obsefvation,

gthat the tumor material might be producing its effects on liver

%catalase by combining with iron an& in some way removing it

!

Prom the circulation, thus limiting its availability for the

synthesis'of“catalase.
Secondly, Hamilton, Gublgr,'Ashgnbrucker, Cartwright |
and Wintrobe (1951) have shown that adreno-cortical extract
or cortisone (4-8 ﬁgm.) prodgce;Aacute hypoferrégia in rats.
Thg hypothesis that cdftisone may“be deﬁressing caﬁalase by
virtue of its hypoferremic action was tested by giving iron
with cortisone to determine whether any reversal or lessening
of the depression would result. Tablg z ;hows the fipdings
of this prpcedure. ”The group oi énipa;s rgggiving“both
cortisone and irpn were given‘ferroué sulfatel iptramnsculgrly
in sufficient quantity to equal,}.mgm. of'iron daily. 'This
amount of ferrous sulfate was d;ssolved in_0.2 cc. of dis;
tilled water for injeqtion. ;ihe site of injgctipn was

alternated between the two heavy thigh muscles of the rats.

lBakert!s Reagent grade ferrous sulfate. All animals
in this study were fed Purina Dog Chow which contains approxi-
mately 32 mgm. of iron per 100 grams of feed.
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EFFECT OF IRON AND CORTISONE, COMBINED, ON LIVER GA;ALASE 5

' Number of Adrenal Change in ‘ _
Treatment . Animals We;ght Body Wt. Activity Range

CONTROLS 6 20.5 mg (0] 923 (852-1014)
(CORTISONE < - - | o
(5mg/day; 6 15.0 -7 gm 501 (400-616)

10 dayss .
CORTISONE
(5mg/day;

10 days) : ‘ - | A
plus 6 18.9 -57 L35 (390-495)
JRON .
(Img/day;

10 days)

The data in Table X;confirm the marked depression of catalase
by cortisone but there is no indication that the intramuscular
admipistration of iron salts prevents or lessens this process,

rather the indication is that the iron injections produced a

small additional depression.

Prevention of Cortisone-Indﬁééd_Adrépéi Atroghx

During the attémpt to detérmipe wbether or not_plagma
iron plays a role in the reduction of liver catalase activity
caused by EOrtisone acetatei an igteresting and unexpegted
influence on the adrepal glands was‘not§d. “As indigated in
Table X; thg administration of 5‘mgm._of cortisone”acgtate:
ber day produced a very signifipant reduptibn in ﬁﬁb weight

of the adrenal glands. This reduction was expected and is

thought—tobe—due—to—suppression—of ACTHoutput-—by the ——
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anterlor pltultary gland. When a 31m11ar group of animals

;(group 3, Table X) was given the same amount of cortisone
l

and in addltlon l mgm. of 1ron intramuscularly, a striking

i
i
!
|
I

reductlon of the atrophy occurred. This observation was
Efolloyed»up wlth a number of expe;lmepts designed té-Eiarify
the mechapism through which_the ?rop was act;ng_to prevent
!the cortisone-induced adrenal atrophy. The data 1n Table XI
conflrm the original observation, in that cortisone (group 29
rgduced the adrenal”weight and‘tbehaddit;on 9f iron to the
fegimen (groﬁpHB) prevented the cortisbne-%nduced adrenal
atrpphy. In fact; it is seen that/when the gdrena} weight
is expresééd oﬁ a body weight basis, to off-set the greater
loss of weight in the animals receiving both cortisone and
iron; the iron actually caused an adrenal hypertrophy even
during cortisone administration._ It i; fu?ther”ngted ﬁgroup
A) that when iron was given alone, a mérked increase.in
adrenal weight resultéd.‘ |

Further; it was of interest to gstablish wpether.qr
not iroﬁ given orally would produge'Fhe same effgct”on the
adrenal glaﬁds as when given ?ntrgmuscularly. Tablg XiI
;how; the results éf this expgrimgnt. In this instgnce t§e
iroﬁ was given by stomach tube apd it_iéwgeeh that‘the resglts
ére; in gener#l; the same as whep iron was given intrgmuscu-

Thus cortisone caused phewusual at?ophy;'irpn‘g;vgn

larly.
concurrently with the cortisone prevenmted the atrophy;—and—




‘  TABLE XI

INFLUENCE OF IRON SALTS ON;CORTISOKEfINDUCED ADRENAL ATROPHY _ E

e N : g
- Number' S . .Body Weight’ _ Adrénal Weight |
Grou Animals Treatment . Initial Final Absolute Relative™ !
———E -——'—_ D S S BRI STt G e e i

1 6 DISTILLED Hy0

(.25 cc/day; 301 gm 305 gm 20.9 mg 13.7 mg
10 days I.M.) E

2 3 CORTISONE - . . .
(3 mg/day; 308 261 13.9 10.8
10 days)
3 7 CORTISONE" ) i
(3 mg/day; |
10 days) - S . L
plus - 305 239 1946 16.5
IRON (FesS0,)
(1 mg/day;
10 days I.M.)

b 7 IRON (F&s0L) . .. .
(1 mg/day; . 311 286 ' 27.0 19.3
10 days I.M.) .

¥ mgm of adrenal tissue per 100 gms of body weight.

=14



TABLE XII

INFLUENCE OF IRON SALTS ADMINISTERED BY STOMACH INTUBATION
ON CORTISONE-INDUCED ADRENAL ATROPHY

Number : - Body Weight | Adrenal Weight

Group Animals Treatment © Initial  Final Absolute Relativg*‘
1 6 CONTROLS 327 gm 320 gm 24.9 mg  15.6 mg
2 5 CORTISONE . - - : 1
(5 mg/day; 337 2175 16.1 12,0
10 days) :
3 6 CORTISONE
(5 mg/day; |
10 days) . | . o
pius = - 340 262 _ 20.5 15.9

IRON (FeSOy)
(2 mg/day;
10 days in
stomach)

4 4 IRON (F&S0,) = - . .
(2'mg/day; 361 331 - 28.5 17.5
10 days in
stomach)

# mgm of adrenal tissue per 100 gms of body weight.

62



30

lron ‘given by itself produced adrenal hypertrophy. It must
'be ment ioned here that the values were more erratlc in thls

P

%experlmentvthan when the iron was given in the muscle, that

Eis, the adrenal wgights in.groups 3 and 4 wére_spread ovef a
Iwider range. This may bg a reflection_of theMVariability in
iron absorptipn py the gut of the individualranimals.

Up to th?s»point, the i;on_coppound»used was ferrous

sulfate but because this substance often produced a tissue

reaction at the site of injection a milder iron salt was

éought. On the basi$ of thg work of Reznikoff anq Goebel
(1937); ferrous gluconatelwwas chosen gnd gsed throughogt thev
jemaiﬁde? of this ?nvestigation. It wasﬁfgupd to_prédgcg very
1little or no irritatiég ét”the site”of injéctiop and no appar-
ent digcomfort to the animals following‘injectiop. _Thg ef?ects
of this compound were studied in four groups of apimals, as
indicated in_Tgb;thII;._ Hgge the same patte;n ;s seen, i.e.,
ferrous gluconate_tends t9 maintaip the adrenal weight du;ing
cortisone administration and when ferrous~gluconate is given
alone adrenal hypertrophy results.

In view of the fact that 1ron causes adrenal enlarge-
ment to about the same extent as ACTH,Mlt was_of 1n§erest to
determine whether igon would potentiate the action of ACTH.

In Tabie XIV it is seen that iron given concurrently with

-

1Courtesy of Dr. A. Scribner, Winthrop-Stearns Inc.,
New York City, New York.




TABLE XIII
INFLUENCE OF IRON SALTS ON CORTISONE-INDUCED ADRENAL ATROPHY

. Number® . 'Body Weight Adrenal Weight

5

Group Animals Treatment Initial Final Absolute Relatlve*;
1 L : _DISTILLED Hp0 - P ' - ?
.2 cc/day; 197 gm 203 gnm 20.1 mg 19.8 mg

10 days I.M.)

) L CORTISONE : - s
(3 mg/day; 192 162 14.6 17.9
10 days)

3 5 CORTISONE
(3 mg/day;
10 days§ N C
plus . 187 141 17.9 25,7
IRON (gluconate)
U mg/day;
10 days I.M.)

L L IRON (gluconate) : - :
(1 mg/day; 192 180 23.4 26.2
10 days I.M.) |

* mgm of adrenal tissue per 100 gms of body weight.

1€



Group

1

Number

Animals

TABLE XIV

AUGMENTATION OF ACTH WITH IRON SALTS

'Body Weight

Treatment Initial Final
CONTRQLS 288 gm 304 gm
ACTH :

(2 mg/day; 289 298
10 days)
ACTH
(2 mg/day;
10 days) |
plus ' : 288 257

IRON (gluconate

(1 mg/day;

10 days, I.HM.)

¥ mgm of adrenal tissue per 100 gm of body weight.

T
i

“Adrenal Weight' !

Absolute  Relative¥ |

19.3 mg " 12.8 mg

21.6 14.5

2Ll 19.0

(43
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-FACTH (group 3) prgdu;esié greater enlargement of the gland

Fhan ACTHugivep alone (grpup 2). This difference is seen
when”?he adrenal weights are e#pressed either as absolute
ivalues? i:e., mean weight for a single adrenal gland or as
relative weights, i.e., mgm; of adrenal tissue per 166 grams
pf body weight. The increase»in the relative ﬁeight in group
3 is somewhat out of proportion to the increase in absblute
‘adrenal ﬁeight of this gfoup. This is due to the loss of
‘body weight suffered by the animals in group 3. }These data
then show that ferrous gluconate given intramuscularly in
sufficigntfquantity to §up§ly the egquivalent of 1 mgm. of
iron (?.3 mgm. éf fgrrous gluconate) will potentiate the

"adrenal enlarging action® of ACTH.‘

Influence of Cortlsone on Catalase Act1v1tx In Vltro

Hav1ng establlshed that cortlsone will 1nh1b1t catalase

19

¥ivo, it was decided to determine whether orAnot thls

inhibition would also occur in a homogenous ;g‘iitro system.
This procedure should give some insight into the mechanism
bf inhibition in that if inhibition could be demonstrated-

in vitro it could be assumed that the steroid was probably

combining in some fashion with the catalase‘molecule_and thus
1nh1b1t1ng its normal activity. The blndlng of certaln

..steroids to protelns has been demonstrated (Samuels, l95h)

This problem was approached in the following way: crystall:ne




3L

"Eétalasei was obtained and preliminary experiments were
carried out to determine what concentration of the enzyme
would be the most conygnient fpr the agsay“procedure. The
c:ystalline catalase was placed in cold buffer; 1l mgm. per
cc., and the solut;on was centrifuged to remove insoluble
material. A sample of the supernatant was then further
diluted to give a final concen?;ation of 6.5'mgm. of catalase
per ml. of solutign. One c?. samples of this solution were
placed in twowtubes, one of which contained 1 mgm. of cor-

' £isoﬁe acetatg in 0.4 cc. of saline. The other tube contain.

MR

ur

ing 0.4 cc. saline alone served as control. This mixture wa
-|incubated at 37 degrees C. for 30 minutes. Samples pf_§?5
cc. were then taken from each tube and gﬁsayedAin the usual
manner for catalase activity. This procedure was repeated

with quantities of cortisone acetate ranging up to 25 mgm.

W

In no case was.ﬁhere a difference between the activity of the
cortiséne-catalase mixture and the copt;pl cata;age so;ption
indicating that in a homogenous cell free system such as this,
cortisone does not“inhibit catalase as it does in the intact
animal. This is taken to mean that cgrtispne does not combine
directly with the cata;asgvmolecule, at least in the gbsence
of the intact cell. ngever; this observation in no way rules
out the possibility that cortisone could be shown to inhibit

catalase activity in surviving tissue in vitro.

lpelta Chemical Company, New York, N.Y.




CHAPTER III
DISCUSSION

Ihis study and siﬁilar stgdies o? other investigators
indicate that the_hormonal‘rggu;ation of catalase activity
is an ext?emely complex mechani§m and that our knowledge of
ihe sub ject is probgbly still insufficient to a;low a precise
description to be mgde. Honetheless; it is interesting to
speculate whethgr or not the various hormonal factors studied
have a common basis for their ef;ect on liver catalase activ-
ity. One might assume Fhat the-adrenal corticqids are ?he
primary hormonal entities influqncing the action of this
enzyme; since the corticoids produce the greatest effect seen
to date. On this assumption it follows that the increased
activity seen after hypophyééctqmy mightwbe due to a rgducticn
of endogenous corticoid production. Another line‘of evidgnce
that fits this hypothesis is the work of Begg,‘Dickipsqn and
Whité (léfé). They demonstra?ed”a_ZO% ;eductioﬁ of liierl
catélase acﬁivity in male rats treated with @he synthetic
estrogen diethy@spilbestrol. It ig known that‘estrogen causes

stimulation of the adrenal cortex wvia an increased release

of corticotropin by’the'anteriorrpituitarym(Ingle,~1953)mﬁﬂm-
~ 35
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In this indirect way the corticoids may also be causing the
catalase depression seen in the estroggn t:eated animal. The
lower catalase activity in females as compared to that of
males might be explained in a similar manner and here it is
well to note that the adrenal glands of the female rat are
always larger than those of the male. dJust as it is known
that estrogens promote adrenal function; it is eéually well
known that testosterpne causes a pronounced_decrease in
‘adrenal weight and presumably in adrenal function (Selye and
Stone,”1950). One might interpret this to be part of the
mechanisp_rgsponsible_for a higher catalase activity in males
than in fgmales.

The observation, in our studies; that testosterone
administered to mature female“rats gives an }ndiqation gf
inpreased catalase activity can likewise be explaingdrgn tbis
basis. Thus; when testosterone; whichmcauses a decregse in
adrenal function; is given to thq mature female rat the out-
put of adrenocorticgl hormones is depressed resulting in an
elevation of catgiase acﬁivity. Ihg fact that our data |
indicate only a slight increase of acﬁiv??y takes on £ql}ar

meaning when it is considered that the maturgrfemale animals

a1

receiving testosterone were simnltaneously_prodpcing est;qge
which tends to increase adrenal function and thereby lower

catalase activity.

I
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Whi}e the above discussion holds for the mature femalé

rat, it was observed in Table V (p. 18) that»althéugh testos-
terone promotgd an increase inhcgtalasé activity in the mature
fgmale (groups 2 and h),Asimilar treatmgntkgf immatureAanima;s
(group 6) produzed no éhange in enzyméfééfivity.  It therefore
éppears that ﬁhe immature_femal? (prodgdingvno e;tfogen)
:equnds to testosterbne administratiop with rega:d to éatalase
activity in a different manner than does the mature”animal.
Pu;suing the hyppth;sis that the corticoids are the
primary factor in catalase regulation, it might be -supposed
that castration in.the male would decregse the catalgse
activity. There was some inqication that this did occur.
It is interesting to note; in cogjunction with the slight
difference between the catalase activity of these groups
(Table VI, p. 21) that the adrenal weights were unchanged.
If the above hypothe31s of hormonal control of catalace
activity is to hold it must also gxplalg the apparent”paradox
that whereas exogenous cortisone and.hydrocortisoné cguse a
marked depression of liver_patalase_aqtivity in the rat,»
administration of ACTH or.adrenalectomy produce no qbservable
change. This apparent inconsistency,might be resolved by a
consiaeration of the,biochemical processes in adrenocortical
secretion and the rolq that ACTH is thought to play in

corticosteroidogenesis.
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| Tho well-es?ablished view that adrenal cholesterol is
a potential precursor of corticosteroid hormones plus the |
!recognition that acetate is.synthesizoo to cholesterol in
the adrenal gland (Srere, Chaikoff and Douben; l9h8) have led
to the extensivo_study of these two_substancos as corticos-
teroid precursors. For a time it was thought that acetate
was oonverted to choiesterol as an obligatory intermediary
(Hechter, Solomon; Zaffaroni and Pincus;‘l953), which in turn
was converted through a serios of intormodiatéo to hydpooorti-
oono and corticosterone. The recent studies of Stone and
Hechter (lé5h) now make it seem more likeiy that acetate is
cbnverted.through’alternate pathways, only one of which

involves cholesterol.

/////aéholestefol
acetate
. \\\\\*corticosteroid

With the knowledge that cholesterol is a major precursor and
that hydrocortisone and corticosterone are the major end
products of corticosteroid biosynthesis, Hechter, Pinous and

their co-workers (see Hechter and Pincus,»l95h) were able to

Uy

formulate a reaction sequence for corticosteroid biosynthesia
and to substantiate it by perfusion studies of tho_odrona}
cortex. Figure 1 illustrates their scheme. The available

evidence strongly indicates that ACTH 9nters“into_this‘

lsequence between cholesterol and pregnenolone; that -is, ACTH]
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action stimulates the degradation of the cholesterol side

chain.

PREGNENOLON 17-0H PROGESTERONE-—+17—0H DOC —»17-0OH-CORTI-
COSTERONE €

CHOLESTEROL PROGESEERONE *D0C *CORTICOSTERONE ¢—

ACETATE *X

FIGURE 1
REACTION SEQUENCE OF CORTICOSTEROID'BIOSYNTHESIS
(after Hechter and.Pincus)
The pqstulated alternative pathway of acetate conversion to
corticoid, which does not involve acetate conversion to
choiesterol, ié not significaptly incregsed by ACTH. The
suggestion from phese experiments is that corticoidhsynﬁhesi
in the absence of ACTH, may prpqged primarily from acetate
through the_nonchpleétero} pathway. MWhen ACTH is present,
the cholesterol pathway ig utiliged as_wel}(

As already mentioned? in all species studied_one or
two corticosteroids arg regularly found in highest cbpcgn-
tration in the adrenocortical secretiqn: hydrogortisone and
corticosterone. However;"the :elativg proportions-of these

compounds are markedly different in wvarious species but the
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ratio is fairly "c'oh‘ét'aht%i’%,hir{.a'épedies <'Bush"; 1’9"53"). o

The characteristic ratios of‘fhe two major components
;of the adrenaléortical secretion (hyﬁrocortisone: corticos-
}terone) are apparently influenced by a number of factofs.
fThus, while acute ACTH treatment does not appreciably alter
ithe characteristic ratio, ghronic treatment profoundly modi-%
fies the corticosteroid pattern (Kass, 1954). Kass feels thja*b
?in addition to its acute direct action in cérticosteroido-
jgenesis, ACTH alters the pattern of corticosteroid formed b;y"3
iinfluencing the synthesis of enzymes involved in corticos-
Eteroidogenesis;

|
: Although cortisone and hydrocortisone depress catalase

factivity, neither ACTH nor adrenalectomy influence this enzype.

?This apparent inconsistency may, perhaps, be resolved in the

flight of the foregoing discussion. It is clear that the
fgenesis of the adrenocortical secretion is a very complex anﬁ
‘ . ‘ . ) }

1abile mechanism and that the ratio of the active corticoids!
may well play a significant role in the biochemical responsé
‘ | : ‘ \ |
'to this secretion. It is felt then that the best explanatioh

at the present time for the lack of an effect with ACTH on

0

%catalase activity lies in the concept of relative proportion

iof the corticoids. This explanation is adnittedly spgcula—

tive, and other theories will have to be considered as new

evidence is found. This concept of hormopal balance as an

— 15—

important Faotor in the influerice of hormoneson—enzymes
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not wiﬁhdﬁt'prééédéhée.' ﬁhéuﬂéfmoﬁéi regﬁiatidh'of‘thé

- enzyme hexokinase is a classical example. Insulin on the

ione hand and growth hormone and ll-oxycorticosteroids on the
gother have a competitive action on this enzyme; the latter
finhibiting the reaction catalyzed by hexokinase and the
former overcoming this inhibition. Evidence is accumulatiné
ito indicate that the control of hexokinase activity is pri—é
?marily dependent on the ratio of pituitary-adrenal to insulih
factivity, rather than on ‘the absolute amounts of either é
ihormone; In the absence of all three, carbohydrate utilizaﬁ
ltlon (as an 1ndex of hexoklnase activity) may be almost
%normal (Engel, l95h) This normalcy of enzyme function in

;the absence of the competitive forces may be the reason our

iexperiments failed to show any change in catalase activity

after adrenalectomy. i

| One other point that fits the concept that the adreno r
{cortical secretion may be‘the pr;nclpal hormonal factor_ln i
catalase regulation is the observation by'Begg (1951).that i
;together with the decreased liver catalasg ;gvel in cagceroug
jénimals there is an enlargement of the adrenal glands with
1oss of ascorbic 301d and cholesterol.

Other investigators have studled hormonal 1nf1uences

on catalase activity. Begg (1953) using the rat as experi-

mental animal showed that while cortlsone in doses of 1- 3 mgm.

OSSR —

per day—will—depress—the-liver-catalase- actmvxty,~adrenalectomy
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‘has no effect on this liver_enzyme. These observations are
in agreement with our earlier findings. There appears t§ be
a species difference in catalase activity between the rat
and mouse. Adrenalgctomy in the mouse results in a depres-
sion-in liver catalase activity, (Adams; l§52). Cortisone
willArestore the pormal lgvel. Adams further reports that
the catalase activity in females is lower than in males and
that the‘level in females can be elevated po that of the male
by testqsterone administration. Castration of adult male
mice also produces a depression of enzyme activity that can
be normalized by testosterone injections. There is precedent

for opposite effects in enzyme concentration in different

species after the administration of the same hormone., Testos-

;terone causes quite dlfferent effects on kldney alkaline 1

-

phosphatase in the rat and mouse, (Kochaklan, 1947).

Prevention of Cortisone-Induced Adrenal Atroghz

It is felt that two possible explanations can be givep

V
i

for thevprevention of cortisone-induced adrenalbatrophy by
iron salts. First, it is known that any type of stress pro{

duces an increase in weight of the adrenals, and it is i

1
belleved that the weight response in such candltlons 1s an

;aspect of the adaptatlon of the adrenals to the 1ncreased

;requlrement for cortical hormones by the body (Se;yg, ;937)

i(Ingle, 1938, 1939); in other words, the gain in adrenal
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weight, under conditions of stress; 1s conSidered to be due
to an hypertrophy of the cortex With a corresponding 1ncreas
in-adrepal cortical hormene production, and consequently an
inereased resistance towards the damaging agent. In view of
this concept it might be argued thatuthe intramuscular
administration of iron exerts the observed effect on adrenal
'weight simply by ecting as a nonfspecific stress because this

procedure does evoke some discomfort in the animals. We do
. ) : |

not feel, however, that this accounts for the total degree

of adrenel hypertrophy that is seen. It has been shown by
many authors that the enlargement of the adrenal cortex in
animals under stress can be prevented (Ingle, 1938) (Selye,

1940). It may even become atrophied (Selye and Doene, 1942)

whenlthe animais under strese.are treated with sﬁffieiently
high doses of adrenal cortical hqrmones. Since the animals
in this study were receiving relatively high doses of_co;-
tisone (3-5 mgm.) it is very unlikely that the mild stress
associated with ihe injection of the iron wes responsible
for the adrenal’hypertrophy:

Second; it may be that iron plays a heretofore unsus-
pected role in the function of the adrenal cortex; perhaps
as an integral part of some enzyme eystem of tpis.gland.

There is no direct evidence that this is the case, but two

studies'peint indirectly to this possibility:
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adrenal cortex plays an essential role in the main-
tenance of the normal homeostasis of the plasma iron
level. Adrenalectgmy resulted in a decrease in the
level of the plasma iron of réts. This decrease was
prevented by administration of small doses of adreno-
cortical extract or cortisone but not desoxycorti-
costerone. Larger doses of.adrenocortical extract;
cortisone or ACTH produced acute hypoferremia in
intact rats.

2. Keston, (195@) using an in vitro system containing
ascorbic acid; férrqus sulfate, and stergid in an
atmosphere of oxygen have shown that this system will
promote the introduction of hydroxyl groups into
adrenal ste:oids. The possibi;ity therefore exists
that ferrous_ions are a necessary componen£ of the
enzyme systems that bring about the physiological

production of the hydroxyccriticoids.

It is felt that the indications from these morphologi
| cal studies of the adrenal glands are sufficiently suggeétive

of an important role of iron in adrenal metabolism that testls

should now be conducted to assess the_funct;bnal capacity of

the adrenals of animals treated withvironf

Although cortisone has proven to be useful in a varie%y

of clinical conditions, it exerts certainvho;mbnal effects

which do not contribute to its therapeutic value and which,
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indeed,.it-would be desirable to avoid if possible. Among
these is adrenal atrophy. Much work has been done recently
to determine whether one or more of these unwanted effeéts
could be counteracted without diminishing the desired action
of the hormone; the usefulness of cortisone would then be
enhanced. The growth-inhibition and other toxic manifesta-
tions of cortisone or ACIH have been in part an;agonized by
a variety of means such as 1i§er'therapy'(Ershpff, 1951),
aureomycin (Meites, 1952), potassium (Whitney and Bennéﬁt,
1952) and fat (Kinsell, dlson, Boling, Partridge and Margen,
19515. The adrenal atrophy which occurs when cortisone is
given haévbeen.preyented by steroids such as methylandrps-
tenediol and testosterone propionateA(Wintgr, Hollipgs and
stebbins; 1é53) @aunt; Tuthi}l;4Antoﬁqhgk and Leathem, 1953)
In thé face of these studies, a questioh o£ paramount
interest concerns the functional capacity of the adrenal gla
maintained witﬁ iron compounds in the presence of t?eatment
with cortisone. If the functional cépacity of the adrenal
glané, in this condition; does remgin_normal thg therapeutic
applicébility of this finding w?uid;be overshadowed only
by the possibility that iron plays a regulating role in

adrenal cortical metabolism.

s

nd




CHAPTER IV
- SUMMARY

1. The influence of numerous hormonal factors on the
liver catalase activity of the rat has beenAstudied. This
was accomplished elther by administering the active material
“ﬁo the animals or by surgical removal of certain endocrine
glands. The hormonal control of catalase activity is regarded
aé one faceﬁ of the larger concept that hormones may be exert-
ing.thsir influence in the living organism by regulating the
activity of enzymes.

2. Cortisone acetaﬁe, administered in amounts ranging
frqm 2 to 16 mgm. daily, was found to produce a marked reduc-
tion of liver cgtalasg activity.

3. Contrary to expectations, a?renocorticotropic
hormone did ﬁot alter the liver catalase activity, even in
doses of 6 mgm. per day.

L. A sex difference in liygr patalaselactivity was
noted. The activity in.the'male was appro%imately 25% greater

than the corresponding activity of the fema;g. This finding

confirms the work of Schultze and Kuikgn (19&1) which a1so

Lde-mon-st»rafbed-»-a»-hig-her~cafbala.se,.,a,c,tivifbywinmfc,h.eﬂmal..a._nailz_'!‘e.h__a;n

L6
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in the female rat.

5. Testosterone promoted an increase of catalase
activity in mature female rats but not in immature females.
Possible reasons’ for this difference in response to testos-
terone were discussed. |

6. Castration of ma;e rats didnot alter the catalasse
activity to a degree that was statistically significgnt.
However, a slight depression of the enzyme activity was
indicated.

7. TYoung adrenaleptomized male rats, maintgined for
12kdays on sédium chloride, did not show a liver catalase

activity different from the activity of normal gontrol animals.

8. Hydrocortisone, admin;stered by intragastrig intu
bation; in quantities of 5 mgm. daily produced a degreasé’in
liyervcata;ase activity comparable to the decrease seen after
similar quantities‘of cortisqne.

9. The hypothesig that cortisone depresses‘catglase
activity by virtue of its hypofer:emic action could not be
supported by experimental fin@ings:

10. Cortisone did not suppress catalase éctivity in
an in z;gggksystem; A
11l. A tentative hypothesis of hormonal control of

catalase activity is proposed. Ihis hypothesis takes the

findings of this and similar studies into qonsideration.

_It_is based_on_the concept that the adrenocortical secretions
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are the principal hormonal factors_in catalase regulation.
The chgngés iq_enzymatic activity seen after other endocrine
changeslare, apcordinglto this'hypothesig, due to §imn1taneo
quantitative or gqualitative changes in adrenocortical éecre-
tion. ‘ ' - ‘ ‘
12. It has been demonstrated in this study that the
adrenal gtrophy that ocecurs in rats'ﬁrgated.with cortisone
can be prevented by the simultaneous administratign of iron
salts either intramuscularly or orally. 'It has_been farther
demqnstrated that ironvsalts will potentiate the "adrenal-

enlarging action' of adrenocorticotropic hormone.
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