ence on sexual reflexes of recovery
from spinal shock, the most revealing
effect of withdrawal and administration
of testosterone is seen in the reversal
of mean number of responses for the
two groups, after the eighth test, when
group A was placed on testosterone
and group B was taken off testosterone.
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Fig. 2. Influence of withdrawal and ad-
ministration of testosterone on number of
erections, quick flips, long flips, and re-
sponse clusters per test. Tests were con-
ducted at 2-day intervals, and all animals
were tested at 2-day intervals throughout
the experiment. There were six rats with
transected spinal cords in each group.
When hormone withdrawal is indicated
there was no injection given on the day
of the last test which was conducted while
the animals were on testosterone (TP).
When readministration of hormone is in-
dicated, the first injection was given 48
hours before the first test -which was
conducted while the animals were on test-
osterone. When it was withdrawn from rats
in group B, the number of long flips per
test fell to approximately two per test (in-
dividual range of zero to nine) on tests
10 through 14.
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All animals showed the change char-
acteristic of their respective groups, and
the probability is less than .01 of this
reversal occurring by chance. There
was no appreciable effect on the num-
ber of response clusters per test (Fig.
2). Nor was there any detectable change
in the latency to the first response
cluster or in the intervals between re-
sponse clusters which could be attrib-
uted to withdrawal or administration of
testosterone. Thus there was a decline
in the number of genital responses per
cluster (and hence a decline in the du-
ration of the cluster), but not in the
timing mechanism controlling the onset
of a response cluster. :

It could be argued that the decline
in sexual reflexes in the spinal animals
following withdrawal of androgen is a
reflection of a decreased sensitivity of
genital sensory receptors, since it has
been reported that genital papillae on
the glans penis of the male rat decrease
in size and number subsequent to cas-
tration (6). Two facts argue against
this contention: (i) there is an occa-
sional male rat which shows a complete
ejaculatory pattern several months after
castration (2); (ii) a complete mating
response can be evoked in castrated
male rats with hypothalamic implanta-
tion of testosterone in amounts too
small to affect genital morpholegy (7).

The role that the sexual reflexes,
which can be evoked from spinal rats,
play in mating behavior of the intact
male rat is uncertain. Assuming they
have some function in copulation, it
appears as though the decline of ejacu-
fatory and, possibly, intromission be-
havior in the male rat following castra-
tion may be due to the influence of
withdrawal of gonadal androgens on
spinal neurons mediating the sexual re-
flexes. The more gradual decline in ap-
petitive responses, such as investigation
of the female genitalia, mounting, and
pelvic thrusting, is probably a reflection
of the effect of withdrawal of gonadal

. androgens on hypothalamic or other

forebrain structures. This is suggested
by studies which show an abolishment
of mating behavior in male rats (which
could not be attributed to impairment
of gonadal androgen output) following
hypothalamic lesions (8) and by a study
by Davidson showing a resumption of
mating activity in castrated male rats
caused by the implantation of testos-
terone into the hypothalamus (7).

BENJAMIN L. HART
Departments of Psychology and
Anatomy, University of California,
Davis 95616
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Prevention of Induced

Atherosclerosis by Peroxidase

Abstract. Hepatocatalase peroxidase,
an active peroxidase-oxidase subunit iso-
lated from beef-liver catalase, prevents
cholesterol deposition and aortic athero-
sclerosis in cholesterol-fed rabbits and
hias no apparent toxicity or undesirable
side effects. No allergic or immunologi-
cal reactions have been observed. The
participation of this enzymatic subunit
in homeostatic control mechanisms and
its potential pharmacological value in
the control of human atherosclerosis
are suggested.

The peroxidatic properties of catalase
were recognized as early as 1936 by
Keilin and Hartree (). These authors
postulated that “the physiological func-
tion of catalase would be mainly per-
oxidatic and only in exceptional cases a
catalatic one” (2). However, in spite of
the early recognition of its possible
metabolic significance, little information
on the peroxidatic activity of catalase
has been gained over the years, owing
to technical difficulties arising from the
interfering action of its catalatic ac-
tivity which is approximately 1000
times higher than its peroxidatic ac-
tivity.

We have recently isolated a molecu-
lar subunit of beef hepatocatalase which
exhibits high enzymatic activity as a
peroxidase-oxidase and is essentially
free of catalatic action (3). The hep-
atocatalase peroxidase subunit (HCP)
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is a depolymerization product of hep- <48 -

atocatalase with an estimated molecular 25 8 2 8 3 2 3 = B
weight of 80,000 == 12,000 and was Ep " . A beor i
obtained in the form of a stable, lyophi- g8 5 208 35 &, °,5.38, ~.
lized, water-soluble powder after alka- é g 57 IVEERY; 3 o v ; v S
line hydrolysis, dialysis, and lyophiliza- 4 g G 9o o AR o N o R A g :\:..,
tion. The peroxidatic activity of the - z o N W A 3
subunit was approximately 500 times R 2 qa g w© P w = w® ]
higher than that of the intact catalase 5‘0.8 3 - N - © «
molecule. The availability of this prepa- §§ 2

ration has made it possible to obtain 2% | & 2 I g " 8 9 2 8
basic biochemical information on the 9] 8 ) H + 4 H 4 H 4 :{

. . Od = © © © ® ~ e ~
]ong-r.ecogmzed but little-understood TE wa “gra-g 8§ 2guglg a 2
peroxidatic function of catalase. E-' 3 2¢ v VvV v v v Vv v v

The subunit HCP inhibits cholesterol Sg © Mo N ? ", g™ e e & @ &
biosynthesis from acetate and mevalonic 52 0 4 H 4 H 444 H
acid by homogenates of rat liver (3). 55 2 -2 g = s - 2 2
It also catalyzes aerobic oxidation of a g 3
number of hydrogen donors including OEg
reduced pyridine nucleotides, ascorbic U= 8
acid, and reduced glutathione, all of %;;“ . a A
which play a significant role in lipid e 529 =8
metabolism. These oxidations are stimu- - = S v
lated by thyroxine and phenolic estro- i 5 & @ R
gens (3, 4). In view of the well- S g o .14
documented hypocholesterolemic action gE o
of thyroxine and estrogens (5), these %g
findings provided an interesting model =8 T 2 = ”
for a homeostatic control mechanism of g8 - RN 1
cholesterol metabolism mediated by an ;% 5 5 =g 9
enzyme-hormone system, and suggested é)g 8g 8 § s 8
the desirability of investigating the ef- 5 g g 2 vV Vv v v
fects of HCP in vivo. &5 S fa~8%~g™ §~ 8

Parenteral administration of HCP to =g oS A H 4 A=
normal rabbits and to rabbits with in- =8 CE ]
duced hypercholesterolemia and athero- %2 )
sclerosis causes a significant decrease of 3 g@ " %0
tissue cholesterol and of serum triglyc- ‘g 29 8§ 2 5 S g ; g g
erides, cholesterol, phospholipids, and “5% = B B H #0044 I
B-lipoproteins with no evidence of tox- 55 = E §g8ga3 § ¥ g Basgtg .
icity or immunological reactions (6, 7). w8 %3 ~V vV v v VoV oy v

We now describe the gross and histo- Eg% > g~g -~ § *oan EE b § h 2 ~ogs
pathological evaluation of the aortas of 2gE 0 #He H A “ #ooH4 A 3
cI:_;lcolesterol-fed rabbits with and without £5C 2 & § g & § 8 g

P treatment. 2383

The HCP used in these studies was g5 g « P o0
isolated from twice-crystallized beef- E% 8 5 % R = & & 8 =
liver catalase prepared by the procedure f 4 E Ss - :\1 ;.H ! :j j i 4 A

v o8 = 8 ) “ “ - 3 < ~
of Tauber and Petit (8) and from S50 | §:9 87”878 g 83”8 "3
commercial crystalline hepatocatalase - 9o 55 v.ov.ov.v v.ov v v
(Sigma C-100). The procedure for its g%% A g, 2x g g™ gn
isolation, standard assay conditions, and £< 8 © i" j - # a4 H
definition of enzyme unit have been de- _5 g8 A = 20202 =
scribed (3). The peroxidase activity of 8=
these preparations was 40 unit/mg. §'§€ o o = L © o a
Treatment with HCP was administered .SDE = H T; : Q - : : :; "
daily by intramuscular injection. ggg - I R T R =) < NH

Twelve male white rabbits of com- a;g '§$ 87878 J: T8 878" é t T3
parable body weights were housed in .‘% = g oy .T. M oy v :T. v
individual cages and fed a cholesterol- - ifﬁ S - a B < g~ - e T S < k) -
supplemented diet (0.8 g of cholesterol § §:=: © i{ j ;j 3 j i f i 30
added to the usual daily ration) for 15 283 §od & g o S %
weeks. The animals were fed a slightly C's
decreased amount of food compared to ‘;‘;'g‘s g = 8 o 0 o8 &
their own norm, and all of the daily ':'.%S?g) & ¥ < g @ 2
ration was therefore consumed. =838
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Throughout this period, six rabbits
(treated group) received 80 units (2 mg
per kilogram of body weight) of HCP
dissolved in 1 ml of isotonic saline, and
the remaining six (control group) re-
ceived 2 mg of heat-inactivated per-
oxidase (30 minutes at 70°C) per kilo-
gram of body weight. The rabbits were
killed at the end of 15 weeks and two
aortas from each group were chosen at
random and removed for quantitative
assay of cholesterol. The remaining
eight aortas (four control and four
treated) were evaluated independently
by each of two pathologists (S.C.S. and
R.W.), who had no information con-
cerning the previous medication of the
animal.

Each aorta was sampled in three
places: arch (A,), abdominal aorta
(A;), and low abdominal (A;). Each
specimen was analyzed grossly for ac-
cumulation of sudanophilic lipid in the
intima and histopathologically for (i)
proliferation of fibroelastic tissue and
accumulation of mucopolysaccharides
in the intima, and (ii) fraying or frag-
mentation of the elastica, mucopoly-
saccharide content, fibrosis, and thin-
ning of the media.

These processes were separated by
staining the paraffin sections differen-
tially for collagen with the Masson
trichrome method (9), for elastic tissue
with the Verhoeff van Gieson technique
(10), for acid mucopolysaccarides with
colloidal iron (1), for neutral muco-
polysaccharides with the periodic acid-
Schiff technique (/2), and the degree
of changes were estimated.

Direct micrometric measurements

Table 2. Toxicological studies on serum sam-
ples obtained from control and HCP treated
rabbits at the end of 15-week experimental
period. Average values from six control and
six HCP treated rabbits and standard devia-
tions of the mean are expressed.

Test

HCP-

( ggrs:ro:m r)nl Control treated
SGOT (units) 34442 3153
Alkaline phos-

phatase (units) 92+13 6512
Urea N (mg) 18+3.1 152*16
Creatinine (mg) 1.5+03 12402
Glucose (mg) 99 8.5 92 +178

were made of the thickness of the aortic
intima and media. The percentage of
aortic intima with plaques was esti-
mated after the whole aortas were
stained with Sudan IV, by comparing
the red-stained areas in the original
gross specimens and in color photo-
graphs of them. The relative degrees of
histologic fibrosis, elastica degeneration,
and mucopolysaccharide content were
graded on a scale of 0 to 3+.

The four aortas randomly selected
for quantitative cholesterol assay were
homogenized in water, and the homoge-
nates were dried to constant weight at
reduced pressure. The dry powder was
saponified with alcoholic KOH and ex-
tracted with petroleum ether; the ether
extract was evaporated to dryness and
taken up in a mixture of acetone and
ethanol, and cholesterol was isolated as
the digitonide and assayed colorimetri-
cally (13).

Evaluation of the pathologic changes

i tﬁ?{ﬂ%ﬁ#ﬂg

R ﬂ?

Fig. 1. Aortas from four control (Nos. 1, 2, 4, and 5) and four HCP-treated (Nos. 7,
9, 11, 12) cholesterol-fed rabbits. No. 20: Aorta from normal, untreated rabbit main-
tained on standard diet without added cholesterol (Sudan IV stain). Control animals
show massive atheromatous lesions in contrast to moderate or minimum lesions in
HCP-treated rabbits. The average serum cholesterol (mg per 100 ml of serum) when
the animals were killed was 1637 == 239 for the control group, and 398 == 118 for the
HCP-treated rabbits. Serum cholesterol in the normal, untreated rabbit (No. 20) was

41 mg per 100 ml of serum.
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of the aortic intima and media of both
control and HCP-treated cholesterol-fed
rabbits is shown in Table 1. The gen-
erally accepted microscopic features of
atherosclerosis, comprising proliferation
of fibroelastic tissue and accumulation
of lipids in the intima and fraying and
fragmentation of the elastica with fibro-
sis and thinning in the media were
significantly less pronounced in the
aortas of treated rabbits.

Biochemical analyses of the choles-
terol present in randomly selected aortas
from two control rabbits and from two
rabbits treated with HCP showed that
the cholesterol content was considerably
lower in the treated rabbits. Values for
aortic cholesterol (mg per g of dry
tissue) were: control rabbits, 75 and
64.3; HCP-treated rabbits, 23.5 and
16.5 (Fig. 1). These results agree with
those from previous studies in which
aortic cholesterol was significantly low-
er in HCP-treated rabbits (7).

No signs of toxicity or allergic re-
actions were apparent throughout the
experimental period. The peroxidase
subunit of catalase was well tolerated
by rabbits, rats, and guinea pigs re-
ceiving as much as 1000 unit/kg daily
over a 2-month period.

No significant differences have been
observed when serum samples from
control and experimental rabbits were
analyzed for transaminase (SGOT)
(14), alkaline phosphatase (I5), urea
nitrogen (I6), creatinine (I/7), and
glucose (18). All values were within
normal limits (Table 2). Immunological
studies, made at various stages of treat-
ment, with the gel-diffusion autoradio-
graphic technique (19) disclosed no
evidence of HCP-reacting antibodies in
the serums of treated rabbits.

As mentioned, previous studies had
shown a significant decrease of tissue
cholesterol and of triglycerides, phos-
pholipids, cholesterol, and g-lipoproteins
in the serums of rabbits treated with
HCP (6, 7). Our pathology studies
demonstrate that HCP is also quite ef-
fective in reducing aortic atherosclerosis
in cholesterol-fed rabbits.

Excessive circulating cholesterol has
a natural tendency, as it penetrates the
aortic wall, to initiate biochemical and
later ultrastructural and histopathologi-
cal alterations. The morphological end
results are degeneration of the aortic
elastic fibers and smooth muscle, with
an increased deposition of collagen.
Thickened fibrotic areas mingled with
sudanophilic fat form gross, intimal
plaques. The exact relations between
these processes are unknown, but, in
general, increased aortic acid mucopoly-
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saccharides are observed in reactions to
injury, and neutral mucopolysaccharides
predominate in stabilized situations as
observed in the repaired state.

Viewed in this way, the HCP treat-
ment of cholesterol-fed rabbits pro-
tected them from aortic intimal and
medial injury and its consequences to
a significant degree, although under the
experimental conditions of massive and
prolonged cholesterol feeding it did not
completely prevent cholesterol damage.

Although the biological mechanisms
of this protective effect evidently in-
volved are not yet clear, our studies,
when considered with results from bio-
chemical and toxicological studies (6,
7), indicate the participation of a molec~
ular subunit of hepatocatalase in the
homeostatic control of lipid matabolism
and suggest the potential pharmacologi-
cal value of the isolated peroxidase sub-
unit in the control of atherosclerosis.
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Prevention of Protein
Denaturation during Exposure to
Sterilization Temperatures

Abstract. Firefly luciferase exposed to
a temperature of 135°C for 36 hours re-
tained up to 40 percent of its original
activity. Prerequisites for heat stability
were the use of a molecular sieve (Seph-
adex G-25 or Biogel P-300) and a high
vacuum (5 X 10—*% mm-Hg). These
studies present a possible solution to the
problem of sterilization for exobiologi-
cal experiments.

The necessity of sterilizing compo-
nents of planetary experiments by dry
heat (135°C) presents a problem of
some magnitude to experimenters con-

. cerned with systems, in which enzymes

are involved, for the detection of life.
The problem derives from the phenom-
enon of protein denaturation at elevated
temperatures. Preliminary experiments
which indicate a possible solution to
this problem are described here,
Although denaturation of protein is
still a phenomenon that has not yet
been rigorously elucidated, there has
emerged over the years a general con-
cept. This denaturation involves changes
in the secondary and tertiary configura-
tion which are manifested by changes in
solubility, chemical accessibility of cer-
tain functional groups, and in activity,
if the protein is an enzyme. There are
indications that denaturation proceeds
in two stages, the first being an unfold-
ing or swelling of peptide chains and
the second consisting of a rupture of
intramolecular bonds, that is, hydrogen
and sulfur bonds, followed by a random
re-formation of bonds both intra- and
intermolecularly (). This concept has
led us to the hypothesis that the pres-
ence of a physical barrier between indi-
vidual protein molecules may prevent
random re-formation of secondary and
tertiary bonding; thus, an isolated pro-
tein molecule, when exposed to stress
that does not rupture primary structure
(peptide linkage), would return to its
original state after removal of stress.
The probability of a return to the origi-
nal molecular configuration is supported
by the observation of Epstein et al. (2)

that the most stable energy state of a
protein is that corresponding to the
original configuration. The validity of
our hypothesis is possibly indicated by
the experiments described below.

The model enzyme selected for these
studies was firefly luciferase, which has
a molecular weight of 100,000. Ac-
tivity of this enzyme may be measured
by the intensity of light emitted as the
result of the addition of luciferin, aden-
osine triphosphate (ATP), and MgSO,
3.

The materials selected for their abil-
ity to provide intermolecular barriers
were Sephadex G-25 and Biogel P-300.
These compounds are molecular sieves
that have the property of segregating
individual molecules in their matrix
structure. This matrix contains pores
of controlled dimensions. Sephadex
G-25 (Pharmacia Fine Chemicals, Inc.)
is a cross-linked dextran gel with a
pore size that corresponds to a protein
with a molecular weight of approxi-
mately 5000; Biogel P-300 (Bio-Rad
Laboratories), a polyacrylamide gel with

pore size corresponding to a protein

with a molecular weight of approxi-
mately 400,000. Both of these gels are
chemically inert.

The experimental procedure was as
follows: 2 ml of luciferase solution [con-
taining partially purified luciferase, 1
mg of protein per milliliter; luciferin,
0.5 mg/ml; MgSO,, 0.01M; and tris
buffer (pH 7.4), 0.05M] was added to
separate tubes of Sephadex G-25, Bio-
gel P-300, dextran, bovine serum al-
bumin, and diethylaminoethyl (DEAE)
cellulose. These five mixtures were
quick-frozen in liquid nitrogen and
lyophilized for 24 hours. Then, in repli-
cates of three, the following treatments
were imposed: (i) storage at —80°C for
36 hours, (ii) exposure in air at 135°C
for 36 hours, and (iii) exposure to
135°C for 36 hours with an initial
chamber pressure of 5 X 10—¢ mm-Hg
which rose to 4 X 10—3 mm-Hg during
heating. After these treatments samples
were prepared for assay by the addi-
tion of 5 ml of distilled water. Activi-

Table 1. Retention of activity by firefly luci-
ferase after heating.

Retention of activity (%)

Compound Heat  Heat
added hg::' q DPlus  with
¢ air  vacuum
Sephadex G-25 100 0 10
Biogel P-300 100 0 40
Dextran 100 0 0
Serum albumin 100 "0 0
DEAE 100 0 0
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