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Summary. A simple and inexpensive apparatus for perfusing the mam-
malian testis has been developed. Glucose utilization, rate of blood flow,
and histological examination have indicated maintenance of certain
areas of the isolated organ. Successful perfusions have been carried out
over a 7-hr period. Preliminary findings suggest that nutrient require-
ments of the testis may be determined by this technique.

INTRODUCTION

Complex in-vivo interactions have hampered progress in determining factors
affecting testicular function. Successful in-vitro perfusion of the testis under
physiological conditions could enhance the precision of investigations of male
reproduction.

Petersen, Shaw & Visscher (1939) have pointed out that perfusion studies
involving the mammary gland have many advantages over in-vivo studies.
Among the advantages indicated are : (a) many factors within the body which
affect the gland in vivo are eliminated, (b) the detection of milk precursors is
facilitated, and (c) the investigators can study the effects of partial or complete
depletion of several precursors. No doubt many advantages could be obtained
by the successful perfusion of the isolated testis. However, to be most useful a

simple technique was needed, suitable for laboratory use and involving
a minimum of time and expense. Such a simple technique is described herein,
together with some preliminary results with rabbit testis.

MATERIALS AND METHODS
APPARATUS

The principal requirements to be met by a perfusion apparatus appeared to be :

(a) an organ chamber with connexions for the perfusate and a means of bathing
* The data presented in this paper were taken from a thesis submitted by the junior author to the

Graduate School of the University of Illinois in partial fulfilment of the requirements for the Master
of Science Degree, 1960.
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the exterior of the organ, (b) a means of oxygenating the perfusate, (c) a means
of replenishing the nutrients in the perfusate, and (d) a means of circulating
the perfusate. An apparatus (Text-fig. 1 ) which filled these needs for the rabbit
testis was constructed of eight principal parts plus the connecting glass and
tubing.

Text-fig. 1. Apparatus used in perfusing isolated rabbit testes.

The organ chamber was constructed by removing the bottom of a 2-litre
Erlenmeyer flask and placing a flange around this aperture to hold a rubber
glove. This hand aperture was 9 cm in diameter. An outlet, 1 cm in diameter,
for the perfusate return to the oxygénation reservoir was placed in one side
near the bottom of the flask. The inlets for the perfusate were provided by
placing two 1 ml tuberculin syringes in a Number 9 rubber stopper and fitting
this whole structure into the mouth of the Erlenmeyer flask. The outlet tube
near the bottom of the flask allowed the perfusate to return to the oxygénation
reservoir. This tube was connected to a section of a 5 ml pipette that was used
to measure the rate of flow of the perfusate through the testis. The isolated
perfused testis was either placed on an organ dish or laid on the floor of the
organ chamber.
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The oxygénation reservoir was an inverted 1-litre separatory funnel fitted

with: (a) an inlet for the perfusate returning from the organ chamber and
by-pass tube, (b) an inlet for the gas mixture entering from the oxygen humidi¬
fier, (c) an outlet for the gas mixture to the gas pressure regulator, and (d) the
perfusate outlet to the dialysis apparatus. The perfusate returned from the organ
chamber and from the by-pass tube above and flowed into the oxygénation
reservoir. The gas mixture (95 % oxygen and 5 % carbon dioxide) was bubbled
into the reservoir where a large amount of surface area for oxygénation of the
perfusate was provided. Pressure and flow of the gas within the oxygénation
reservoir was controlled by a gas regulating valve on the cylinder and a

regulating tube of mineral oil, through which the gas was bubbled as it left the
reservoir. The pressure exerted on the gaseous phase within the oxygénation
reservoir was regulated by controlling the level of the mineral oil in the tube.

The dialysis apparatus (optional) was a 2-litre Erlenmeyer flask with a

3-0 by 8 cm cellophane dialysis bag suspended in White's solution (White,
1946) within the flask. The perfusate was circulated through this apparatus,
and a magnetic stirrer was positioned beneath the flask to agitate the White's
solution. The dialysis apparatus had to be kept below the level of the perfusate
in the oxygénation reservoir in order to keep the bag fully distended. The
dialysis apparatus was not necessary in perfusion trials of short duration, but
was used to maintain glucose levels of the perfusate in the earlier runs.

A small peristaltic pump (Model PA-23, New Brunswick) was used to
circulate the perfusate through the system. An ascarite tube loosely packed with
glass wool proved to be a satisfactory filter to remove emboli from the perfusate
before entry into the spermatic artery. In order to prevent changes in the
osmotic pressure due to evaporation of the liquid portions of the perfusate, the
gas mixture was humidified before it entered the oxygénation reservoir. The
humidifier consisted of a tube with a sintered glass end immersed in sterilized
double distilled water through which the 95 % oxygen and 5 % carbon dioxide
mixture was bubbled.

EXPERIMENTAL PROCEDURES

Preparation for a perfusion experiment consisted of the sterilization and
assembly of the apparatus, the preparation of the perfusate, and the removal
of the testis and cannulation of the spermatic artery. All, except the latter, were

performed on the day preceding the perfusion trial.

Sterilization and assembly of the apparatus
All the parts of the apparatus that could be steam sterilized were autoclaved

at 16 lb pressure for 30 min. The apparatus was then assembled in the constant

temperature room (36-5° C). The Y unit which divided the perfusate into two

portions just before entry into the spermatic artery was placed in a vertical
plane so that the arm that carried the portion bathing the organ was above
the arm that carried the perfusate to the spermatic artery. This prevented air
bubbles in the system from entering the organ and blocking blood flow. The
blood pressure manometer was placed on the same level as the arterial cannula.
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Immediately prior to the perfusion, one arm of the manometer was filled with
sterile glucose-free Locke's solution to establish an air-free system.

Preparation of the perfusate
The perfusate was rabbit's blood obtained from four donor rabbits by heart

puncture on the day preceding the actual perfusion experiment, and defibrin-
ated by shaking with glass beads. This preparation was filtered twice through
sterile Büchner funnels. To the final volume of approximately 150 ml was added
100,000 i.u. penicillin and 0-165 g dihydrostreptomycin, and the glucose
content was adjusted to 1500 Mg/ml. The perfusate was then refrigerated
overnight.
Removal of the testis and cannulation of the spermatic artery

In preparation for cannulation of the spermatic artery, a 20 cm section of
Number 10 polyethylene tubing was placed on a Number 26 gauge needle.
These, along with several wound clips, a small slip of wood and a pin, were
soaked in 95 % ethanol. The operating tools and syringes were boiled in an
instrument sterilizer.

The genital area of the rabbit (testis donor) was shaved and bathed with
ethanol, and one testis was then removed. The spermatic artery was cannulated
with the aid of a binocular dissecting microscope, and the organ was flushed
with 2 to 5 ml of glucose-free Locke's solution. The testis was placed in the
organ chamber and blood flow was established. The 1-ml-tuberculin syringe
and the Number 26 gauge needle were connected with care to prevent air
emboli from entering the arterial cannula. The blood pressure was adjusted by
opening or closing the two screw clamps which regulated the amount of fluid
passing through the bathing tube and the by-pass arm.

After a preliminary perfusion period of 45 to 60 min, time, temperature,
rate of flow, blood pressure, and arterial pH were recorded, and arterial and
venous perfusate samples were collected for glucose analysis. These data,
except for pH, were recorded every hour for the duration of the perfusion period.
The apparatus was designed so that the by-pass could be opened, the bathing
tube shut off, the rate of flow recorded, and samples collected without inter¬
rupting blood flow. After the perfusion was completed the testis was removed,
trimmed free of epididymis and surrounding fat and weighed.

RESULTS AND DISCUSSION

The object of this study was to develop a simple technique capable of main¬
taining an isolated rabbit testis in vitro for periods of 6 to 10 hr by perfusion.
Preliminary results have been presented by VanDemark & Ewing (1960). The
results obtained give some indication of the efficiency of the apparatus in tissue
maintenance as judged by glucose uptake, rate of flow and histological
examination.

The temperature was maintained at 36-5 ±0-5° C (reported to be scrotal
temperature for the rabbit by Moore & Quick, 1923). The pH of the perfusate
was found to be 7-87 initially and 7·55 at the end of 7 hr of perfusion. This
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indicates that the defibrinated rabbit blood was well buffered, and therefore
pH change did not present a problem. No evidence was obtained with regard
to oxygen uptake of the isolated perfused testis because the venous return from
the testis is via the pampiniform plexus which cannot easily be cannulated.

During the development of the perfusion technique, an effort was made to
find the arterial pressure which resulted in the highest glucose uptake. Since
the spermatic artery of the rabbit is too small to lend itself readily to direct
measurement of normal arterial pressure, fifteen perfusion trials were under¬
taken in which the blood pressure was varied from 20 to 70 mm Hg pressure.
With glucose uptake as the criterion of tissue maintenance, successful perfusions
were obtained at all levels of pressure. Table 1 shows that the glucose uptake

Table 1
effect of varying blood pressure on the glucose
uptake and rate of blood flow in the isolated

perfused rabbit testis

Blood
pressure

(mm Hg)
20 to 25
26 to 35

70

Glucose uptake
(mg\100 ml

perfusatefg testis)
2-8*
1-8
1-5

Rate offlow
(ml\hr\g

testL·)
1-6
2-3
4-5*

Total glucose
uptake

(vglhrlg testis)
45
41
67*

(n = 15).
; Significant at 0 5 level.

(mg/100 ml perfusate/g testis) appeared to be highest at the lower levels of
pressure. As the blood pressure increased the glucose uptake decreased, and
the rate of flow increased. However, total glucose uptake was increased at the
higher arterial pressures due to the greatly increased rate of blood flow. This
increase was significant ( <0·05) as tested by Student's ¿-test. It was also noted
that at 70 mm Hg pressure there was haemorrhage. In order to overcome the
haemorrhage and yet maintain adequate rates of flow, the perfusion pressure
was established at 50 to 55 mm Hg.

In the early trials, the glucose level of the perfusate fell well below the normal
blood glucose level (as determined in our laboratory) of 82-5 mg/100 ml ofblood
during the 7-hr perfusion period. To counteract this drop the glucose level was
controlled either by a dialysis apparatus (described in Apparatus Section) or

by periodic additions ofglucose to the perfusate. The data presented in Text-fig.
2 indicate that the dialysis technique was effective in maintaining the glucose
level of the perfusate. However, preparation of sterile White's solution against
which the blood was dialysed was time consuming. Also the dialysis procedure
could lower the titre of unknown substances present in the blood which might
be essential for tissue maintenance. Thus in later trials the glucose supply of the
perfusate was replenished by injecting a glucose solution (100 mg/ml) into the
oxygénation reservoir every hour at a rate of 200 pg/ml of perfusate. Table 2
shows the effect of maintaining the glucose level of the perfusate at approxi¬
mately 100 mg/100 ml of perfusate compared to letting the glucose content

Downloaded from Bioscientifica.com at 05/23/2023 07:51:36PM
via free access



6 jV. L. VanDemark and L. L. Ewing
drop. These data indicate that a reduction in the glucose content of the
perfusate below 600 µg/ml caused a decrease in the glucose utilized by the
tissue. These data also indicate that the reduction is partially overcome by an

increase in the percentage of glucose utilized. However, the tissue seemingly
cannot completely compensate for the low substrate supply.

Text-fig. 2. Glucose change from its original level in the perfusate with and without
the use of the dialysis apparatus, (a) Dialysis apparatus used; (b) dialysis apparatus
by-passed.

Table 2
comparative effects of decreasing glucose levels versus main¬
taining glucose levels in the perfusate on glucose uptake by

the isolated perfused rabbit testis

Time
(hr)

Glucose level
not maintained (n = 4)

Glucose content
ofperfusate

( \iglml)
1347
1110
952
713
590
463
390

Glucose
uptake

( ugltyg)
523
435
592
549
523
344
278

Glucose
utilized

(%)
18
15
24
30
34
31
32

Glucose level
maintained (n = 7)

Glucose content
ofperfusate
(v-glml)

882
729
981
979

1026
1077
1231

Glucose
uptake

( Vgltyg)
350
663
930
483
621
650
777

Glucose
utilized

(%)
9

17
17
9

10
10
11

As the techniques of perfusion were improved and many of the variables were

controlled, there was a vast improvement in rate of blood flow and glucose
uptake by the tissue as compared to those found in the early attempts at

perfusion. Comparative data resulting from early and later trials are presented
in Table 3.

Maintenance of viability of the perfused testis was judged by glucose utiliza¬
tion, rate of blood flow through the testis, and maintenance of cellular integrity
as judged by histological examination. The data in Table 4 show the values for
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PLATE

Photomicrograph of testis tissue following 7 hr of perfusion ( 160). Note evidence
of degeneration near periphery.

(Facing p. 6)
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glucose uptake, rate of blood flow, glucose content of the perfusate, glucose
supplied to the testis, percentage of glucose utilized, and initial and final pH
of the perfusate. These data indicate that the glucose content of the perfusate,
glucose uptake, and rate of flow were maintained at fairly constant levels for
the entire 7-hr perfusion period. The pH did not go below physiological levels
during the perfusion period.

Table 3
I

A COMPARISON OF GLUCOSE UPTAKE AND RATE OF BLOOD FLOW
THROUGH THE ISOLATED PERFUSED RABBIT TESTIS FROM
PERFUSIONS COMPLETED DURING THE EARLY TRIALS AND AFTER

THE DEVELOPMENT OF THE PERFUSION TECHNIQUE

Time
(hr)

During the early
trials

Glucose uptake
(vglgjhr)

167
78

106
86

Rate offlow
(mllgjhr)

3-1
3-3
40
4-6

After perfecting some

of the techniques
Glucose uptake

Wglgßr)
408
954
657
665

Rate offlow
(mllglhr)

4-6
5-6
60
5-9

(n - 10)

Table 4
VALUES FOR RATE OF BLOOD FLOW, GLUCOSE CONTENT OF THE PERFUSATE,
GLUCOSE SUPPLIED TO THE TESTIS, GLUCOSE UPTAKE, PERCENTAGE OF
GLUCOSE UTILIZED AND INITIAL AND FINAL pH OF THE PERFUSATE USING

THE FULLY DEVELOPED PERFUSION TECHNIQUE

Time
(hr)

Rate of
blood flow
(mllgjhr)

4-59
5-61
5-64
5-84
6-01
5-90
5-88

Glucose content
ofperfusate

(»gjml)
882
729
981
979

1026
1077
1231

Glucose supplied
to testis

( »gigft?)
3899
3942
5464
5601
5781
6326
7130

Glucose
uptake

(»gigIhr)
350
663
930
483
621
650
777

Glucose
utilized

(%)
8-9

16-8
17-0
8-6

10-3
10-2
10-8

pa

7-87

7-55

(n = 7)

As further evidence of tissue maintenance, histological sections were prepared
for study. Plate 1 is a photomicrograph of representative testis tissue prepared
and sectioned following 7 hr of perfusion. Although there was evidence of
extensive tubular degeneration in some areas, much viable tissue of normal
appearance remained.

As shown in a following paper, the development of this technique has
permitted the investigation of the effect of temperature, hormones, and other
variables on the metabolic activity of the isolated perfused rabbit testis. This
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8 N. L. VanDemark and L. L. Ewing
approach can be coupled with other in-vitro techniques such as tissue slice
methods and with in-vivo measurements to investigate the effect of these
phenomena with increased precision. Further trials could contribute to the
knowledge of the mechanisms controlling the passage of spermatozoa through
the testis and epididymis, of the role of various hormones and perhaps the effect
of temperature deviations on testicular function.
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