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ABSTRACT

Catalase activity (E. C. 1.11.1.6) was measured in rat testes from
control, hypophysectomized and irradiated rats (150 R) with standard
manometric techniques. A comparison was made in the enzyme activity from
minced testicular préparations ana teased-tubular preparations for all
groups of animals. Catalase activity was greater for all of the minced
preparations than it wa§ for‘the'teésed—tubular preparations, as has been
previously observed in'this,laboraﬁory for steroid biétransformations.'
Hypophysectomy markedly reduced total catalase activity of rat testicular
tissue when expfessed on a pef gnimal basis, but it was increased by
hypophysectomy due to a loss of germinal elemént of the
. testes. On this basis, the enzyme'was assumed to be preferentially
1ocatéd in a more stable ceil type in the seminiferous tubule which was
not as severely affected by the withdrawal of gonadotropiqs (i. e., non-
germinal cells). Irradiation increased catélase activitj from‘4-31 days,
buf decreased it from 35 through 50 déys post—treatméht, indicativé of

a physiological role .of this enzyme for the testes.



INTRODUCTION

Hydrogen peroxide (H202) is formed aé a by-product in some cells

- through specific metabolic reaétions and by ionizing radiation (Alder,
1963; P;yor, 1970). Oné such system for the formation of H;0, is the
monoamine oxidase (MAO-E. C. 1.4.3.45.system where 5-~hydroxytryptamine
(5-8T) is transformed into S—hydroxyindole acetic acid (5-HIAA) according to
the following mechanism.(Guilbault et al., 1969; and Kapeller—Alder, 1970):

RCH,CHNH, + O, - RCH,C=NH + H50,
MAO

RCH,C=NH + H,0 -+ RCH CHO + NHj
MAO

RCH,CHO + NAD + H,0 - RCH2COOH + NADHj
Aldehyde Dehnyogenase

This enzyme systembhas‘now been observed in the interstitial cells
and walls of the seminifero#s fubulés4of'rat testes (for review, see Ellis
- et al., 1972). The enzymic system is FSH dependent (Urry et al., 1972)
énd is positively related to‘sexual deveiopment and senescence and.aging
(Ellis et al., 1972). Furthé#more% tﬂe enzyme is.dep%essed by social
stress in Uinta ground squirrels (Frehn et al., 1972), indicative of its T
physiological role in the male gonad. S-HTAhas been observed to be an
inﬁibitor of androgen synthesis in vitfo (Ellis, 1972) aﬁd is important in
_determining the testostgrone/andros?enedione ratios>of the androgens with

. : ~ o

development of. the testes.
In addition, H,0, inhibits the cbnversion of androstenedione into

testosterone, but increases the conversion of testosterone into high-polar

compounds. It also increases lipid peroxidation in rat testicular




. preparations (Ellis and Baptista, 1969). The oxidation of sulfhydryl

groups (SH) to disulfur bridges (S-S) may account for this inhibitory
action since SH-containing compounds have been shown to be radioprotective
(Van de Vijver, 1969). Of significance is tﬁe fact that steroid bio-
'transforming enzymes contain SH—groups that are important for biological
éctivity (Ellis and Baptista, 1969; Inano et al., 1967). It is possible .
tﬁat hydrogen peroxide may contribute to cellular damaged induced by
irradiation (Thomson, 1963) and the émountvof cétalase.within a cell may
determine its sensitiQity to irradiation. The following investigations
were undertaken in order to ascerfain the distribution of catalase
(HZOZEHZOZ oxidoreductase, E.‘C: i.ll.1.6) in rép.téstes, if it is
diminished after hypophysectomy (génadotropin‘dependent), and if its

activity is altered by irradiationm. .

- METHODS

Male rats (Holtzman Strain) were mgintained in the small animal

colény with feed (Purina Lab Chow) and water given ad libitum until they
were sacrificed by decapiﬁation. ‘The testes were quick1y removed, trimmed
-and decapsulated. Miﬁced preparations were prepared using razor blades.
Seminiferous tubﬁleé were obtainéd by teasing the tubules from the
surrounding_interstitial tissue as descfibed elsewhere (Ellis‘and Van
'_Kampe‘n,-197l). A - o “

Catalase activity was détérﬁiﬁgd wi;h a Gilson differential

_respirometer using standard manometric techniquesA(Chapce and Maehly, 1955).
Préliminary kinetic studies wére undertaken,'varying amount of.ti;sue,

incubation time, temperature and substrate concentration to assure



linearity of the assay. The'following conditions were utilieed in the
assay: Fifty mg of'minced tissue or.semiﬁiferous tubules; 2: ml
phosphate buffer (pH 7.4); 0.1 ml hydrogen peroxide (0.15 N); 10 C,
and 2 min incubation time.

'AHypophyéectomized rats were obtainedvéommercially when three weeks
of age and were sacrificed when 18 weeks of age. Twelve-week-old male
rats were subjected to 150 R of.whole—body irradiation. Three control
and three irradiated animals‘were<sacrificed serially over a period of

50 days.

RESULTS

The kinetic data for the assay method (Figs. 1, 2, 3) indieate that
the assay is linear within the range of our experiments. A comparison
of catalase activity from Both minced and teased-tubular preparations;
'. from 6 male.rats (Fig. 4) expfessed;on a per 100 mg of~tissue basis
indicates thaﬁ the enzyme activity.was.more active in the minced prepara-
tions than for the seminiferous tubules, indicating that the-enzyme is
largely located in the intersfitial fissue.

After hypophysectomy (Fig. 5), the enzyme act1v1ty 1ncreased when
expressed on a per 100 mg of tissue ba31s. However, the total enzyme
; activity (calculated for both testes) was markedly reduced for tﬁe ﬁince
and tubﬁle tissue when expressed‘on.a pep-aniﬁai basis.

Irradiating rats with lSOiR when 12 weeks of age (Fig.'6) and
sacrificing them serieily over a period ef 50 days increased total catalese
' act1v1ty of mlnced preparations.from 4 to 31 days after -the treatment.‘

_ From 38 to 50 days post —irradiation the enzyme act1v1ty was greater for



the control animals than was observed for the treated animals. . No con-

" sistent changes were observed in catalase activity from teased-tubular

preparations (data not shown).

DISCUSSION

Catalase is an.iron—containing porphyrin enzyme that transforms
hydrogen pgroxide into water and mélecular oxygen (Sumner, 1941). The
distribution of catalasé is ubiquitous in nature,Abut is found in
abundance in mammalian and non-mammalian aerobic cells that contain a
cytochrome system (Deisseroth and Dounce, 1970). Peroxidases are similar
to catalase, but require a separate hydrogen donor for their activity,
whereas catalases utilize anofher molecule of‘H202 as the hydrogen donor.

Both enzymes are sometimes referred to as hydroperoxidases (Deisseroth

-and Dounce, 1970).

Catalase is located intracellularly (de Duve, 1960) and seems to

_be concentrated in the microbodies -or peroxisomes (Baudhuin et al., 1965).

While catalase accountsAfor_almoét_half of the prétein content 6f‘peroxisomes‘
(de Duve and Baudhuin, 1966), several other oxidative'énzymes ha§e alsd
Been'demonstrated (de Duve et al., 1960) in this body. .

- . Peroxisomes are thought to bé formed within the cell by the'sﬁooth

endoplasmic reticulum (de Duve and Baudhuin, 1966). _Thé intracellular

distribution of radioactively-labeled catalase suggests that the enzyme

U .

is syntHesized by the rough endoplasmic reticdlum and then transferred to

the peroxisome (Higashi and Peters, l963).~ Biochemicai and microscopic

Atechniques indicate that catalase is localized in the sap within the °

peroxisome and that the characteristic dense core is associated with an



insoluble urate oxidase (de Duve, 1965; denbuve, 1969).

Hydrogen peroxide is oroduced in most cells through the enzymatic
reduction of oxygen as a by-product of some metabolic reactions and is
the major stable product formed by ionizing_“radiation of water (Adler,
1963 Pryor, 1970). In addition, the testis contains endogenous 5-HT
and MAO (Ellis, 1972 and Ellis et aZ., 1972) that is capable of formlng
H,0, under physislogical or pathological conditions.

Our data (Fig. & and Ellis et al., 1972; Ellis. and Baptista, 1969;
Urry‘et al., 1972) show- that MAO, steroid biotransformation and catalase
all have the same generaildistribution in the rat testis. Thus, catalase
mey serve a functional role in the male gonad to decomposeAHéOZ that may
he'formed during normal metaboldc activity. This concept is strengthened
by the observation (Fig. 6) that catalase actdvity increases after
irradiation but retnrns'to normal activity'after 38 days. The decrease
in total act1v1ty -after hypophysectomy 1nd1cates a gonadotroplc dependence
of catalase, but substrate 1nduct10n cannot be ruled out at this _point.
The lack of correlatlon between catalase act1v1ty and the loss of testlcular
weight after irradiation,.plus the fact'that the act1v1ty-1ncrease5‘when
expressed on a per mg of tlssue ba31s (Flg..S), 1nd1cates that the enzyme
is located’ 1n a stable ceil type w1th1n the testis. ‘: |

Both the amount of. serotondn in the testis and the amount of enzyme

‘present are related to sexual developmentAof the rat testis (ElllS et al.,
’1972).' Hydrogen'peroxide is highly injuriousNto several cell components
and may cause some of the tiSSue.damage ettributed to the.irradiatiOn‘

”(Thomson 1963 Helkklla and Cohen ”1971) Moreover 'both irradiation

, and hydrogen perox1de can 1nduce the formatlon of free radlcals, compounds



with unpaired electrons which undergo reactions of hydrogen abstraction or
chemical addition.

]

Vodicka (1969) has reported that catalase activity is present in the
mouse testis and the present experiments show that catalase activity is-
present in fhe rat testis, Our data (Fig. 4) indicate that the bulk of
catalase activity is largely found in the interstitial tissue. This is of
particular interest, since a similar distribution for steroid biotransforma-
tions has previously been observed (Ellis and Berliner, 1969, and Ellis and
Baptista 1969).

The physiological role of catalase within the cell is the subject of
much speculation and deb;te (Dgiéseroth and Dounce, 1970; de Duve and
Baudhuin, 1966). A logical role for catalase would be the removal of harmfdl
peroxides generated metabolicaily and by the action of ionizing radiation on
oxygenated water. As early as 1933 it was suggested‘that catalase might Ee
able to modify the effects of ionizing radiation. 1In 1947, it was shown that
the enzyme could prevent the.de;th of sea-urchin sperm batheﬁ in irradiated
water (Thomson, 1963). Two studies in 1960 indicated a positive cdrrelation
between sensitivi;y to ionizing radiation and patalase-activity; Shefner
(1960)lwith work on E. coli and C'Brieﬁ (1960) with dafa from three genetically
related yeast strains. Several reports have since failed to confirm thesé
observations in other cells aﬁd tissues; Regenerating livef‘célls have a
greatly reduced level of catalase activity, but this reductioﬁ in activity
- -did ﬁot alter the radiosensitivity of the iiyér cells.(Myers, 1960)., Engel
and Adler (1961) failed to find any‘correlation between radiation sensitivity
and catalase acﬁivity in three strains of E. coZi;' Clayton and Howard (1962)
observed the level of‘ cé.talaseAactiv'ity in Rhodopseudomonas sphefoides

before and after x-irradiation. They reported mo changes in the level of



catalase activity after irfadiation énd concluded that intracellular catalase
offered little or no~protection against the harmful effects of ionizing‘
radiation,

A useful model for the study of catalase function in mammals has been
brovided by a strain of acataiasemic mice, The blood catalase is about
1% or 2% of the activity seen in normal mice and tissue catalase is also
reduced. Feinstein and co-workers (1968) reported that these animals are
no more sensitive to whole-body irradiation than normal animals. Tissue
catalase can be inhibited by aminotriazole and when this drug is givenxto
the acatalasemic mice, they are'essentiaily devoid of catalase activity.

When this experiment was performed, the sensitivity to irradiation in these

mice was eésentially the same as that of nofmal animals. Acatalasemia has
also been reported in humans.(Takaﬁara, 1952). If is an autosomal recessive
trait and apparently causes récurfent necrotic lesiogs of the nasal an@ oral
cavities.‘ It has been suggested tﬁat a‘small amount of residual catalase
aé;ivity is present even in the homozygoué individual and this maf be suf-
”fgcient to metabolize much of the hydrogen peroxide p;oduced'within the
body- (Aebi, 1965). “

A recent study of éatalaseﬂln three species of wild ducks indicated
that although the birds dlffered greatly in the LD50 for x-1rrad1at10n,
they did not differ significantly in tissue catalase activity (Feinstein
et qZ.,_1969. |

Feinstein et al. _(1968) provided speculation for the absence of any
différénces in radiation sénsitivity between normal and acatalaéemic mice,
Firét, even when the animals are given aminofriazole, as much as 1% of the

, total body catalase act1v1ty of normal mice may remain., Since the rate of

. decomposition of hydrogen perox1de by catalase is so rapid, this re51dual




activity may be adequété to remove the ﬁydrogen perpxide produced by the
jonizing radiation. A second factor is the possibility that the peroxide
produced by the radiation may be téo far removed from the peroxisomes to be
detoxified. Permeability barriers may exist which would prevent the peroxide
from entering the peroxisomes;

Adler (1963) pointed out two additional factors which may explain the
lack of correlation between radiation sensitivity and catalase activity. |
It is possibie‘that the diffusion of hydrogen peroxide from the site of
production to é sensitive target area may not be the major mechanism by which
x-irradiation produces harmful effects iﬁ the cell, Also, caﬁalase is not

the only cellular mechanism for the decomposition and removal of hydrogen

peroxide.
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Figure
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‘Figure

13
LEGENDS

Effect of incubation time on rat testicular catalase activity.
Effect of enzyme concentration on rat testicular catalase activity.
Effect of substrate concentration on rat testicular activity.

Comparison of catalase activity of minced and tubular pre-

parations. The activity is expressed as microliters of

oxygen involved per 100 mg of tissue during the first two
minutes of incusation. |

Catalase activity of minced and teased-tubular preparations
for control and hypophysectomized animais expressed as
microliters pf oxygen per 100 mg of tissue per two minutes.
Catalxse activity of minced and teased tubular preparations
for control and hypophysectomized animals expressed as

total activity for both testes.

Catalase activity of control and x-irradiated animals ex-
pressed as microliters of oxygen ber animal. Number of days

post-irradiation is listed on the abscissa.
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