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Effects of Testis Hyaluronidase and Seminal Fluids on the Fertilizing
Capacity of Rabbit Spermatozoa.

M. C. CHANG. (Introduced by D. Rapport.)
From the Worcester Foundation. for Experimental Biology, Shrewsbury, and the Department

of Physiology, TUfts Medical College, Boston.

An enzyme, extracted from mammalian
testis, which increases the permeability of
skin and other tissues containing hyaluronic
acid is known as hyaluronidase.l" The cu­
mulus cells surrounding the tubal ova of the
rabbit were shown to be dispersed in the
presence of fairly large numbers of sperms
by a heat labile enzyme.t-" now identified as
hyaluronidase.i"? On the basis of these ob­
servations, the participation of hyaluronidase
in fertilization.i?" the capacity of hyaluron­
idase to increase the fertilizing power of
sperms;'! and the clinical use of hyaluronidase
for sterility'" have been reported. Rowlands'
report.'! .on increased fertilizing capacity in
rabbits was based on the use of heated seminal
fluid which contains hyaluronidase. In the fol­
lowing experiments we have examined the
effects of purified testis hyaluronidase on
fertilization in vivo.

Methods. Adult non-pregnant doe rabbits
were superovulated according to Pincus.13
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They were inseminated with a minimal effec­
tive number of spermatozoa (number of
sperms needed to fertilize only a small num­
ber of ova) suspended in different fluids just
before the intravenous injection for the in­
duction of ovulation. The rabbits were sacri­
ficed 25 to 30 hours later and the ova were
flushed out from the oviducts. The fertilized
and unfertilized ova were counted.

The semen of a single male rabbit was col­
lected with an artificial vaginal" for insemina­
tion in order to control the variation of sperm
quality between different individuals. The
interval between each collection of sperm was
3 to 4 days in order to keep the sperm quality
constant. The general method of insemination
was carried out according to Walton.15,16 The
semen just after collection was diluted with
saline (0.9% NaCl) about 1 part to 1,000.
Then the sperm concentration was immediate­
ly counted by means of the hemocytometer
technique. Saline or sperm was added if the
concentration of sperms was too high or too
low. Then 0.5 ml of this suspension was added
to one of the following: (1) 0.5 ml of saline
containing a known amount of hyaluronidase,
(2) 0.5 ml of supernatant fluid of normal
semen after heating, (3) 0.5 ml of semen from
a vasectomized male, (4) 0.5 ml of saline
serving as a parallel control. These mixtures
(all 1 ml in volume) were introduced into
the vagina of each rabbit. Usually, 6 rabbits
were inseminated at a time. The time interval
between collection of semen and the first
insemination was about 10 minutes, and that
between the first and last insemination was
about 20-30 minutes.

14 Macirone, C., and Walton, A., J. Agri. Sci.,
1938, 28, 122.
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16 Walton, A., J. Exp. Biol., 1930, 7, 201.
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The testis hyaluronidase used was obtained
from bull testicles (Schering Cornoration).
The seminal hyaluronidase was prepared ac­
cording to Rowlands: 11 i.e., normal semen
was heated at SOD C for 8 to 11 minutes to
kill sperms, and then kept on ice for 5 minutes
and centrifuged. The supernatant fluid was
used. After insemination. the heated seminal
supernatant fluid and the vasectomized male
semen were assayed by the viscosimetric
method!" and expressed as mg of testis hy­
aluronidase. The number of spermatozoa in
the suspension was counted again 4 to 6 times
and the average number of sperms inseminated
was calculated.

Results. The complete data of these ex­
periments are presented in Table 1. It is
evident that the fertilizing capacity of sper­
matozoa was not affected when testis hy­
aluronidase (1 to 0.65 mg per ml) was added.
The average percentage of fertilized ova for
10 experimental does was 30 and that of 10
parallel control does was 27. The total number
of fertilized ova in the experimental group
was 70 out of 203 (340/0)., while that in the
control group was 48 out of 198 (240/0).

The average percentage of fertilized ova
(60%) in the 13 experimental does insem­
inated with supernatant fluid of normal semen
which contained hyaluronidase (1.05 to 0.2
mg per ml) was higher than that of 13 parallel
control does (38%). But there is no statistical
significance of the difference (t= 1.56,
P<0.2 >0.1). However, the total number of
ova fertilized in the experimental group
(62 %) is higher than that of the parallel
control group (39%).

The average percentage of fertilized ova
in those 10 does inseminated with sperms
suspended in saline and the semen of vasecto­
mized bucks which contains no hyaluronidase
was 63, while that of 9 parallel control does
was only 1S. The difference is statistically sig­
nificant (t=4.66, P<O.Ol). The total num­
ber of ova fertilized in the experimental group
(650/0) is higher as compared with that in
the parallel control group (21 %).

It is quite clear from these data that the

17 Hadidian, Z., and Pirie, N. ",V., Biochem. J.,
in press.

extra hyaluronidase added to the suerrn sus­
pension does not influence the fertilizing ca­
pacity of spermatozoa. On the other hand,
seminal fluid with or without hyaluronidase
does increase the fertilizing capacity of rabbit
spermatozoa.

Discussion. It is a common thought that
seminal fluid is not important for the fertiliz­
ing capacity of spermatozoa because the epi­
didymal spermatozoa,1G,Hi,18 spermatozoa sep­
arated from seminal fluid by centrifugation.l?
and semen in a very diluted form~20,21 are able
to insure fertilization. The present investiga­
tion, however. reveals clearly that the import­
ance of seminal fluid shows up when the num­
ber of spermatozoa is decreased to a minimum.
Thus. any disturbances of accessory glands
may affect the fertility of a male though
clinical data on this point are still scarce.v'

The great variation in the percentage of
fertilized ova per doe (Table I) under strictly
controlled experimental conditions leads one
to reject those positive conclusions based upon
only a few clinical cases or based on some
experimental studies without strict control of
variations of sperm quality in different in­
dividuals and in different time intervals of
collection in the study of such an intrinsic
process as fertilization.

Although the dispersal of cumulus cells
surrounding the ovum by sperms or by hy­
aluronidase in vitro is unquestionable, the
role of hyaluronidase in the complicated proc­
ess of fertilization in vivo is still uncertain.
Even if hyaluronidase per se plays an im­
portant role in fertilization, the hyaluronidase
of spermatozoa is quite adequate to perform
its function without further addition of hy­
aluronidase.

Summary. Thirty-three doe rabbits were
inseminated with a minimal effective number
of spermatozoa suspended in saline containing

18 Young, W. C., J. Exp. m«; 1931, 8, 151.
1'!) Walton, A., P1·OC. Am,. Soc. Ani. Prod., 31st

~J[eeting, 1938, 238.
20 Chang, M. C., .J. Exp. Biol., 1946, 22, 95.
21 Salisbury, G. W., Elliott, I., and Van De­

mark, N. L., J. Dairy Sci., 1945, 28, 233.
22 Huggins, C., The Role of the Accessory Glands

in Fertility. Diagnosis in Sterility. 1946. Edited
by E. T. Engle. Charles Thomas, Publisher, Ill.
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purified testis hyaluronidase, or saline and
supernatant fluid of heated normal semen con­
taining hyaluronidase, or in saline and semen
of vasectomized buck containing no hyaluron­
idase. Thirty-two does were inseminated at the
same time with the same number of sperms
collected from the same rabbit but suspended
in saline, serving as parallel controls. It was
found that it was the seminal fluid, not

hyaluronidase, which really increased the
fertilizing capacity of spermatozoa.

The writer is very gateful to Dr. G. Pincus for
constant encouragement and reading the manu­
script and to Dr. Z. Hadidian for the analysis of
hyaluronidase. Thanks are due to the Foundation
for Applied Research, 'San Antonio, Texas, for a
grant and to Mr. Raymond A. Gunnerson for
assistance.
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Range of Antibiotic Activity of Protoanemonin.*t

MARGARET HOLDEN, BEATRICE CARRIER SEEGAL, AND HAROLD BAER.

From the Department of Bacteriology, College of Physicians and Surgeons, Columbia Univer­
sity, New Y01'7c City.

Extracts of buttercups and Anemone pulsa­
tilla exert an inhibitory action on the growth
of a number of pathogenic bacteria.l-' The
active principle extracted from A. pulsatilla
proved to be protoanemonin," The present
studies deal with the titration of the anti­
biotic activity of protoanemonin when tested
against a variety of bacteria and fungi, as
well as a few representatives among the viruses
and protozoa.

Methods of testing the bacteria. The proto­
anemonin used in these experiments was ex­
tracted from dried ground A. pulsatilla or was

* Aided by a grant from the John and Mary R.
Markle Foundation and from the Squibb Institute
for Medical Research.

t Weare greatly indebted to Drs. M. M. Stein­
bach and C. J. Duca for the tests with the Myco­
bacteria, to Dr. Rhoda Benham for the cultures
of the fungi, to Drs. J. A. Dawson and G. W.
Kidder for the cultures of the tetrahymena, and
to Prof. Paul Brutsaert of the Prince Leopold
Institute of Tropical Medicine, Antwerp, Belgium,
for first making the observations on the sensitivity
of the protozoa to protoanemonin.

1 Seegal, B. C., and Holden, M., Science, 1945,
101, 413.

i2 Carlson, H. J., Bissell, H. D., and Mueller,
M. G., J. Bact., 1946, 52, 155.

3 Baer, H., Holden, M., and Seegal, B. C.,
r. Biol. Ohem., 1946, 162, 65.

prepared synthetically, as described previous­
ly." The stock was a 1-100 dilution by volume
in sterile distilled water from which further
dilutions in the test media were prepared.

The in vitro susceptibility of the bacteria,
with the exception of the Mycobacteria, was
determined by inoculating 0.5 cc of a 10-3

dilution of a 24- or 48-hour culture of the
test organisms into 4.5 cc of media containing
decreasing concentrations of the antibiotic.
The media chosen, as indicated in the tables,
were those which provided favorable growth
conditions for the bacteria under investiga­
tion. In some cases the organisms were tested
when grown in each of 2 media. After a
period of incubation at 37°C, sufficient for
optimum growth of the control tubes, contain­
ing no protoanemonin, the cultures were ex­
amined for the presence of visible turbidity
or other evidence of growth, such as the pro­
duction of a pellicle, pigment or gas. The max­
imum dilution of protoanemonin capable of
preventing the appearance of growth in the
period of time specified is recorded in the
tables.

Testing of the Mycobacteria required mod­
ifications in technique. A loopful of pellicle
1 cm in diameter from a 25-day-old culture
was used to inoculate 100 cc volumes of




