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INTRODUCTION

The rapid progress and dramatic events in
the field of fertility regulation since 1960 have
prompted a reevaluation of the vaginal methods
of contraception includes a consideration not
only of the present status of the condom, dia-
phragm, and spermicides, but also of their
potential for further development, increased
effectiveness, and greater acceptance. Today’s
vaginal spermicides are available without a doc-
tor's prescription like the condom and, when
used in conjunction with the condom or dia-
phragm, are highly effective.

Spermicidal substances have been in use
since pharaonic times, and form part of the
folklore of most cultures. In more recent times,
growing knowledge of cell biochemistry and of
spermatozoal metabolism has provided inform-
ation about substances that interfere with the
functional activity of this cell. This basic
approach has been paralleled by more or less
empirical work aimed at finding substances with
high spermicidal activity that are suitable for
human use. In the latter context, the work of
Baker (1935, 1937, 1939) in the 1930s, was
outstanding both for its application of scientific
experimentation to chemical contraception, and
for its success in determining the relative in
vitro activity of a large number of compounds.
Baker's research led to the wide spread use of

phenylmercuric acetate, benzoate, and nitrate
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as the active principles of contraceptive pre-
paration (Baker, et al 1937).

Currently, a lot of research is undertaken
for the development of more effective and harm-
less vaginal spermicides. For evaluation and
approval of preparations for vaginal use vaginal
spermicides are tested in the laboratory for
their spermicidal activity in vitro. They are
also tested in laboratory animals for toxicity
and vaginal tclerance, and in humans for
vaginal tolerance, aesthetic acceptability and
clinical effectiveness.

This study was designed in order to evaluate
the spermicidal activity in vitro of various com-
pounds against human spermatozoa. Attempts
were also made to study the influence of several
factors on spermicidal activity, and to reap-
praise the methodology used for the in vitro

testing of spermicidal agents.
MATERIALS AND METHOD

Materials

1) Semen: Semen was obtained from healthy
fertile donors after two days of sexual absti-
nence. Specimens were collected manually into
glass jars and were allowed to stand 30~60
minutes for complete liquefaction. All samples
were used within 60 minutes after collection.

2) Heat inactivated serum: Serum was ob-
tained from healthy fertile female during the
late follicular phase of menstrual cycle. A pool
of serum was heated at 56°C for 30 minutes
to remove complement and prevent immobili-

zation from complement-dependent immobilizing
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antibodies (Mishell and Davajan, 1979).

3) Diluent: Three types of solution were uscd.

1. Modified Baker's solution (MBS) huffer
consisted of NaCl 2. 0gm, Na,HPO, 1.4gm,
KH,PO, 0.023gm and Glucose 3.0gm, which
were diluted to a final volume of 100ml with
distilled water and the pH adjusted to 7.8(Mi-
shell and Davajan, 1979).

2. Ringer’s Glucose Phosphate solution (RGP)
buffer consisted of NaCl 0.9gm, KCl 0. 046gm,
KH,PO, 0.021gm, MgSO, 0.038gm, Na,HPO,
0. 7gm, Glucose 254mg, which were diluted to
a final volume of 127ml with distilled water
and the pH adjusted to 7. 4.

3. Isotonic 0.99% normal physiclogic saline

4) Spermicidal agents: The following com-
pounds were provided from World Health Or-
ganization for in vitro testing of spermicidal
activity.

1. Compound 65/416, 2. Natural Sapindus
3. Synthetic Sapindus, 4. C-2,5. I-1, 6. GKP
-3 (16/1010), 7. Nonoxynol-9, 8. GKP-15,
9. Emetine, 10. Quinine, 11, Sodium Deoxy-
cholate (SDC), 12. N-Cetyl-N, N, N-Trimet-
hylammonium bremide (NTB), 13. Cytochalasin
A(Cyto-A), 14. Cytochalasin B{(Cyto-B) 15.

Typanalyse(Typ.), 16. 102/198-dilactate 17.

Table 1. Experimental design

N-Cetylpyridinium chloride(NCP), 18. Hexanal

Method

The following procedures were performed for
spermicidal test in vitro:

1) Dilution of semen: After the semen anal-
ysed the semen was diluted with 1/54 heat-
inactivated serum in buffer prewarmed at 37°C
to achieve a final concentration 10 to 20106
spermatozoa per ml. The final diluted semen,
which had the same 95 motility and quality as
before dilution, was used immediately in the
testing of spermicidal activiy of compounds.

2) Serial dilution with agents: Spermicidal
agents were dissolved in (0. 99 physiologic saline
to achieve a concentration of 500ug/m!, and
diluted serially with 1/54 heat-inactivated serum
in buffer prewarmed to 37°C. As a result of
this serial dilution, each final concentration was
obtained at 500, 250, 125, 62.5, 31.2, 15.6,
7.8, 3.9, 1.9, and 0,9pg/mil, respectively.
Dissolved spermicidal agents were warmed in
the 37°C bath.

3) Sperm motility assays: The experimental
In the 37°C
water bath 0.05ml of diluted semen was put

design is presented in Table 1.

into tke control tube with Luffer alone. After

No. Spermicidal agent

Volume of test

Volume of diluted Spermicidal agent

(conc. of test solu.) solution whole semen {final conc.)
1 500.0 gg/ml (0.05 %) 500 s 50 4l 454.5 pg/ml (0.045 %)
2 250.0 pg/mil (0.025 %) 500 pd n0 pd 227.3 pg/ml (0.023 %)
3 125.0 pg/ml (0.0125 25) 500 pl 50 pl 113.6 pg/ml (0.011 %)
4 62.5 pg/ml (0.00625% 500 4 50 ul 56.8 pg/ml (0.0057 %)
5. 31.2 pg/ml (0.003129%) 500 pd 50 o 28.4 pg/ml €0.0028 %)
6 15.6 pg/ml (0. 00156%) 500 wf 50 pf 14.2 pg/m! (0.0014 %)
7 7.8 pg/ml (0. 00078% 500 d 50 ul 7.1 pg/ml (0.00071%)
8 3.9 pg/ml 0. 00030%9) 500 pd 50 3.5 pg/ml (0. 00035%)
9, 1.9 pag/ml (0. 00019%) 500 sl 50 1.7 pg/ml (0.00017%)
10. 0.9 ug/ml (0. 00000%) 500 50 pd 0.8 pg/ml (0.00008%)
Control 0

50 pl 0
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mixed quickly, a drop was placed on a slide metility was rated by the following system (Mi-

glass and observed under the microscope to shell and Davajan, 1979):

check for motility and quality of sperm. This 4*: very rapid, forward motility

procedure was done within 20 seconds. T.his 3+ rapid, forward motility

procedure was repeat-ec-i for other tuhes st'art{ng ob*t sluggish, forward motility

from the tube containing the greatest dilution sa+: rapid tailbeat without forward motility

of the test material. At least 100 sperm were 1*: sluggish tailbeat without forward moti-

counted over multiple fields under a Zeiss mic- lity

roscope at 100x. The number of motile sper- 0: no motion

matozoa were estimated as a percentage of the

total number of spermatozoa. The quality of

Table 2. The effect of pH on the spermicidal activity of Compound 65/416 and Quinine

Case 1: pH 6.0 pH 6.5 pH 7.0 pH 7.6 pH 7.8 pH 8.0

<65/416> Motil. Qual.  Motil. Qual.  Motil. Qual.  Motil. Qual.  Motil. Qual.  Motil. Qual.

Control 40 2b 40 3 50 3 60 3 5 3 50 3
1.9 pg/ml 20 2a,1 20 2b,2a 30 2b,2a 40 2h,2a 40 2b,2a 30 3
7.8 10 2a 10 2a 20 2a 30  2b,2a 20 2a,2b 20 2a

31.2 0 0 0 10 Za 0 O 0 0
62.5 0 0 0 0 ¢ 0 0 0

260.0 0 0 0 0 0 0 0 0 @ 0 0

{Quinine}

Control 10 2b 40 3 50 3 60 3 50 3 50 3
1.9 30 2b,2a 30 2b,2a 40 2b,2a 50 3,2b 40 3 40 3
7.8 30 2a,2b 20 2a,%b 40  2b,2a 40 2b2a 10 2b,2a 40 2b,3

3l.2 20 2b,1 20 2b,2a 40 2b,2a 10 2b,2a 40 2b,2a 40 2b,2a
62.5 20 2a 20 2a,2b 30 2a 10 2a,2b 10 2a,2b 40 2b,2a

250.0 10 2a 10 2a,l1 20 2a 30  2a,2b 20 2a 20 2a,1

Case 2:

{65/416,

Control 40  2b, 2a 50 3 60 3,2b GO0 3,2b 70 3 60 2b
1.9 20 2a,2b 20 2a,2b 40 2b,2a 40  2b, 2a 40 2b,2a 40 2a,2b
7.8 5 Za,1 10 2a 30 2b,2a 30 2b,2a 30 2b,2a 20 2a

3.2 0 0 0 0 10 1 b 2a 0
62.5 0 0 0 0 0 9 0 0

250. 0 a6 0 0 0 0 0 0 0 0

<{Quinine)

Control 40 2b,2a a0 3 G0 3,2b 60 3,2b 70 3 60 2b
1.9 30 2b,2a 40 2b,2a 60 3,2b 60 2b,2a 60  3,2b 60 3,2b
7.8 30 2a,2b 30 2a,2b 40 2b,2a 50  3,2b 50 3,2b 50 2b,2a

31.2 20 2a,2b 30 2a,2b 40  2a,2b 50 2b,2a 50 3,2b 40 2a,2b
62.5 10 2a,2b 20 Z2a,2b 30 2a 40  2a 40 2a,2b 40  2a,2b
250.0 10 2a 10 2a 20 2a 20 2a,1 30 2a,1 30 2a
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Fig. 1. Effect of pH of test preparations on the Fig. 2. Effect of pH of test preparations on the
spermicidal activity of Compound G5/41G. spermicidal activity of quinine.
were carried out under the various pH of
RESULTS solution to determine the effects of pH on the
motility of sperm. The results are shown in
First of all, various factors were studied for Table 2, Fig. 1 and Fig. 2, which indicated
their influence on spermicidal activity. Tests that immobilizing activity was stronger in

Table 3. The effect of various diluents used in in vitro test on the spermicidal activity
of Nonoxyno] -9 and Compound 6.)/4lf

Saline ) _ MBS B RGP
Motil. Qual. Motil. Qual. Motil. Qual.
{Nonoxynol-9)
Control 60 3 60 3 60 3
0.9 pg/ml 40 3 50 3 50
3.9 40 3,2b 50 3 50 3, 2b
7.8 0 1} 10 Za 0 0
15.6 0 0 0 0
62.5 0 0 0 0 0 0
125.0
500. 0 0 0 0 0 0 0
{65/416
Control 60 3 G0 3 60 3
0.9 50 3,2b 50 3 60 3
3.9 50 3. 2a 50 3,2a 60 2a, 2b
L 7.8
15.6 30 2a, 1 40 3, 2a 50 3.2b
62.5 0 0 30 2a, 1 40 2b, 2a
125.0 0 0 20 2a
500.0 0 0 0 0 0 0
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Fig. 3. Effect of various diluents used in the
test preparations on the spermicidal
activity of Nonoxynol-9.
acidic (pH 7.0) than in alkaline (pH 7,0~
8.0) solution at the same concentrated test
solution. However, spermicidal activity was
effective even at an optimal pH for sperm
migration in the cervix in the case of high
concentrated test solution.

The other tests were carried out to determine
the effect of various diluents, MBS, RGP and
saline, on the activity of spermicidal agent.
The results are presented in Table 3, Fig. 3
and Fig. 4. Although total immobilization of
sperm was observed at the lower concentrated
test solution when tests were conducted using
saline as a diluent for serial dilution of sper-
micidal agent than when tests were conducted
using MBS or RGP, the difference was not
great.

In the next experiment, in vitro spermicidal
activities of various cempounds were determined
according to a modified method of Sander and
Cramer (1941).
summarized in Table 4.

The result of the assays is
A representative ex-
periment on each compound is also presented
in Fig. 5, 6, 7, 8 and 9.

Nonoxynol-9 and Compound 65/416 resulted
in total immobilization of sperm in 20 seconds

at 62.5 pg/ml and 125 pg/ml, respectively.

RGP buffer o—eo
MBS buffer x—=x
90 Saline a—a

80¢ io—-—-—«-——a
S

Percent Matility

Concentration , pg/mt
Fig. 4. Effect of various diluents used in the
test preparations on the spermicidal
activity of Compound 65/4116.
Therefore, both of them indicated most potent
spermicidal activity among all the compounds
tested. Natural Sapindus, synthetic Sapindus,
C-2, E-1, GKP-3, GKP-15, NTB, NCP and
Hexanal belonged to the next potent spermicidal
group. On the other hand, quinine, emetin,
SDC, Typ. and 102/198
belonged to the group of least effective spermi-

cyto-A, cyto-B,
cidal activity, which did not show zero motility
of sperm even at 250 pg/ml.

In order to evaluate the result of Modified
Sander-Cramer Test, another in vitro spermi-
cidal test, the so-called “comparative survival
test” (Suter, 1978), was performed on quinine,
Nonoxynol-9 and 65/416.

The procedure of this test is described as
follows: Human semen was diluted with 1/54
heat-inactivated serum in MBS buffer prewarm-
ed at 37°C to achieve a final concentration
To 0.5 ml of

each test compound in same buffer or the buffer

10 to 20% 10® spermatozoa/ml.

alone was added 0.5 ml of dituted whole semen.
The sample was incubated in a stoppered test
tube in a slowly shaking water-bath at 37°C
for 4 to 6 hours. At 60, 120, 240 and 360-
minute intervals during incubation, 0.02 ml

aliquots were placed on microscope slides and
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Table 4. Antimotility effect of various compounds on human sperm tested by
Modified Sander-Cramer Test

Case (1) a VCa:,;e (I ) Case (H)

Agent Conc. (ug/ml) - - -
Mot.(95) Qual. Mot. (%) Qual. Mot.(%) Qual.
© 65/416 Control 60 3 60 4, 3, 60 3
0.9 50 3 60 3,2b 50 3
3.9 40 3 40 3,2b 40 3,2a
15.6 30 2b, 2a 40 3, 2b 40 3.2b
31.2 20 2a 30 2b, 2a
02.5 5 1 10 2a 10 2a, 1
125.0 0 0 4]
250.0 0 0 0 0 0
Natural Control 60 3 60 4,3 60 3
Sapindus 0.9 50 3, 2a 50 3 60 3
3.9 40 3 40 3. 2a 50 3
1b.6 40 3,2b 40 3, 2a 40 3, 2a
31.2
62.5 40 3, 2a 30 3, 2a 30 2b, 2a
125.0 20 2a, 1 20 2b, 2a
250. 0 0 0 0 0 20 2b, 2a
Synthetic Control 60 3 60 4,3 60 3
Sapindus 0.9 50 3 50 3,2b 50 3,2a
3.9 50 3, 2b 40 3,2b 40 3,2b
15. 6 40 3.2b 40 2b, 2a 30 3,2b
31.2
62.5 30 3.2b 30 2b, 2a 20 2b, 2a
125.0 20 2a, 1 20 2b, 2a
250.0 0 0 0 0 0 0
C-2 Control 50 3 50 3,2b G0 3
0.9 40 3,2b
3.9 40 2b, 2a 40 2b, 2a 40 3,2b
7.8 40 2b, 2a 40 2b, 2a
15.6 40 2b, 2a
3l.2 10 2b, 2a
62.5 40 2b, 2a 30 2b, 2a
125.0 30 2b, 2a 30 2b, 2a 30 2b, 2a
250.0 0 0 0 0 0 0
1-1 Control 45 2b, 2a 50 3,2b 50 3
0.9 50 3,2b
3.9 45 2b, 2a 40 2b, 2a 40 3,2b
7.8 40 2b, 2a
15.6 40 2b, 2a
31.2 30 2b, 2a
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Case (1) Case (I) Case (i)
Agent  Cone.Gug/mD T . Mot.(%)  Qual. Mot.(%)  Qual.
62.5 20 2h, 2a 30 2b, 2a
125.0 30 2b, 2a 20 2b, 2a
250.0 0 0 0 0 0
GKR-3 Control 50 3 45 3,2b 50 3
0.9 10 3,2b
3.9 45 3 40 3,2b
7.8 30 2b, 2a
15.6 40 2b, 2a
31.2 10 2b
62.5 30 2b, 2a 20 2b, 2a
125.0 0 10 2h, 2a
250.0 0 0 0 0 0
Nonoxynol-9 Control 50 3 60 3 50 3.2b
0.9 40 3, 2b 50 3 50 3,2b
3.9 30 2b, 2a 50 2b, 2a 40 3.2b
7.8 40 2b, 2a
15.6 10 2b, 2a 20 2b, 2a 0
62.5 0 0 0 0 0
250.0 0 0 0 0 0
Emetine Control 50 3 60 3 50 3
0.9 50 2b, 2a 50 3
3.9 40 2b, 2a 50 2b, 2a 50 2b
7.8 40 2b, 2a
15.6 30 2b, 2a 30 2b, 2a 30 Zb, 2a
62.5 20 2b, 2a 20 2b, 2a 20 2a,1
250.0 10 2b, 2a 20 2b, 2a 15 2a, 1
GKR-15 Control 50 3 60 3,2b 60 3
0.9 50 3,2b 50 3,2b
3.9 40 2b, 2a 50 3,2b 50 3, 2b
7.8 _
15. 6 20 2b, 2a 50 3,2b 50 3,2b
62.5 10 2a,1 50 3,2b 50 2b, 1
125.0 40 3,2b 40 2b, 1
260.0 0 0 0 0 0 0
Quinine Control 50 3 60 3 50 3,2b
0.9 50 3,2b 50 3,2b
3.9 50 2b, 2a 50 2b, 2a 50 3,2b
7.8 40 2b, 2a
15.6 40 2b, 2a 50 2b, 2a 50 3, 2b
62.5 20 2b, 2a 30 2h, 2a 40 2b, 2a
250.0 10 2b, 2a 20 2a,1 30

2b, 2a




—Z#H : In vitro BRHY (FHIR®E—

Case (1) Case (1) Case ()
Agent Conc. (pg/ml)
Mot. (%) Qual. Mot. (%) Qual. Mot. (%) Qual.
Cyto-A Control 60 3 60 3 50 3, 2b
0.9 60 32b 50 3,2b
3.9 50 3,2b 60 3,2b 50 3.2b
15.6 50 3,2b 60 3,2b 40 2b, 2a
62.5 50 3, 2a 60 3,2b 30 2b, 2a
250.0 40 3, 2a 60 3.2b 30 2a,1
Cyto-B Control 60 3 60 3 50 3,2b
0.9 60 3, 2b 40 3,2b
3.9 10 3, 2b 60 3, 2b 40 3,2b
15.6 40 2b, 2a 50 3,2b 40 2b, 2a
62.5 40 2b, 2a 50 3,2b 30 2b, 2a
250.0 40 2b, 2a 50 3.2b 30 2b, 2a
sSDC Control G0 3 60 3 50 3,2b
0.9 55 3,2b 50 3,2b
3.9 40 2b, 2a 50 3,2b 50 3,2b
15.6 40 2b, 2a 50 3,2b 50 3,2b
62.5 40 2b, 2a 50 3. 2b 50 3,2b
200.0 30 2b, 2a 50 3,2b 20 2a, 1
NTB Control 60 3 G0 3, 2b 50 3,2b
0.9 60 3,2b 50 3.2b
3.9 50 3,2b 60 3,2b 50 3,2b
15.6 40 3, 2b 60 3,2b 50 3,2b
31.2 60 3
62.5 40 3, 2b 0 0 50 3,2b
125.0 50 3,2b
250.0 0 0 0 0 0 0
Typ. Control 50 3 60 3 50 3
0.9 40 3,2b 40 3, 2a
3.9 40 3,2b 30 2b, 2a 40 2b, 2a
15.6 40 3, 2a 30 2b, 2a 40 2b, 2a
62.5 20 2b, 2a 30 2b, 2a 40 2b, 2a
125. 0
250.0 30 2b, 2a 20 2h, 2a 30 2b, 2a
NCP Control 50 3 60 3 50 3
0.9 50 3, 2b 30 3,2b 50 3,2b
3.9 40 2b, 2a 30 3, 2b 40 3,2b
15.6 30 2b, 2a 20 2b, 2a 40 3,2b
62.5 30 2b, 2a 10 2b, 2a 20 2b, 2a
125.0 5 2a 10 2b, 2a
260.0 0 0 0 0 0 0
102/198 Control 50 3 60 3 50 3,2b
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Case (I)

Case (1) Case (1)

Agent Conce. {pg/ml) s
Mot. (% Qual. Mot. (%) Qual. Mot, (%) Qual,
0.9 40 2b, 2a 40 3,2b 40 3,2b
3.9 30 2a 30 2b, 2a 40 2b, 2a
15.6 10 2a 10 2a, 1 30 2b, 2a
62.5 10 2a, 1 10 2a, 1 ) 20 2b, 2a
250. 0 10 2a 10 2a, 1 20 2b, 2a
Hexanal Control 50 3 60 3 50 3
0.9 40 3. 2a 40 3,2b 30 2b, 2a
3.9 30 2b, 2a 20 2b, 2a 20 2b, 2a
15.6 10 2a 5 2a 10 Za
62.5 V] 0 5 1 0
250. 0 0 0 0 0 g
100 100
65/416 o—o c-2 a—a
Nat. Sapindus »—x 1-17  x—x
80 Syn. Sapindus a—a a0 GKR~-3 a—a
% 60 & ' % &0
2N z
§ 40 :‘ £ € o} o
5 o T o
a. & ) -
20 20 \
’ A\,
| _ ! o B
1 10 160 & 500 1 10 100 500

Concentration , ug/mt

Fig. 5. Antimotility effect of Compound 65/416,
Natural Sapindus and Synthetic Sapindus
on human sperm.
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Fig. 7. Antimotility effect of Nonoxynol -9, GKR-
15, emetine and quinine on human sperm.
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Fig. 6. Antimotility effect of C-2, I-1 and
GKR-3 on human sperm.
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Fig. 8. Antimotility effect of c¢ytochalasin-A, cyto-

chalasin-B, N-Cetyl-N, N, N-Trimetlyam-
monium bromide and sodium deoxycholate
on human sperm.
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Fig. 9. Antimotility effect of Typanalyse, Com-
pound 102/198-dilactate, N-Cetylpyridi
nium chloride and Hexanal on human
sperm

examined under a microscope for assessment of

motility. The result of this test, as shown in

Table 5, revealed that either Nonoxynol-9 or
65/416 had more potent sperm immobilizing
activity than quinine.

DISCUSSION

All of spermicidal products presently on the
market have two components: a relatively inert
vehicle or carrier and active spermicidal agent.
The effectiveness of vaginal spermicides depends
on a number of interacting factor, including:
1) the spermicidal potency of the active ingre-
dient, 2) the release of the active ingredient
from the dosage forms, and 3) the physical
properties of the formulation as a barrier to
sperm penetration through the cervix.

In reviewing the literatures(Baker, 1935;

Table 5. Comparative survival test showing the antimotility effect of Quinine,
65/415 and Nonoxynol-9 on human sperm

Agent

Conc. (pg/mb)

Quinine

65/416

Nonoxynol-9

Control
1.9

7.8
31.2
125.0
500.0
Control
1.9

7.8
3L2
125.1
500.0
Control
1.9
7.8
31.2
125.0
500.0

Case [

Case ]

(Initial Motil./Qual. 70/4, 3)

(Initial Motil./Qual. 80/4)

Incubation time (min.)

60’

40/3
40/4, 3
40/2b, 2a
30/2a
20/2a
10/1
50/3
50/3
40/3, 2b
30/2a
10/1

0/0

50/3
40/3, 2b
30/2b, 2a
20/2a
0/0

0/0

120

40/3, 2b
40/2b, 2a
30/2b, 2a
30/2b, 2a
30/2a
0/0
40/2b
40/2b, 2a
30/2b, 2a
10/2a,1
10/1

0/0
40/2b
30/2b, 2a
30/2b, 2a
20/2a
0/0

0/0

Incubation time(min.)

240" 360" 60 120/ 240/
30/3,2b  10/2a,1 50/3 30/2a 20/2b
20/2a 0/0 40/2b, 2a 20/2b 20/2b, 2a
30/2b,2a 0/0 30/2b,2a 20/2b 10/2a,1
30/2b,2a 0/0 20/2b,2a 10/2b 0/0
10/2b,2a 0/0 20/2b 10/2b 0/0

0/0 0/0 10/1 5/2b G/0

40/3 20/2a, 1 30/2b 40/3 30/2b, 2a
30/3,2b  10/1 20/2b,2a 20/2b,2a 20/2b, 2a
20/2b,2a 0/0 20/2b, 22 10/2a 5/1
20/2a,1 0/0 10/2b 10/2a 0/0

0/0 0/0 0/0 0/0 0/0

0/0 0/0 0/0 0/0 0/0
30/3 10/2a,1 50/2a 30/2a 30/2b, 2a
20/2b,2b 10/2a,1 40/2b, 22 20/2b,2a 20/2b, 2a
30/2a 0/0 40/2b, 22 10/2b,2b 20/2a,1
20/1 0/0 30/2b 10/2b,2a 0/0

0/0 0/0 10/2a 0/0 0/0

0/0 0/0 0/0 0/0 0/0
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Table 6. Methodological differences among the Sander-Cramer test, modified
Sander-Cramer test and IPPF Agreed test.

Variable Sander-Cramer Test

Modified

Sander-Cramer Test IPPF Agreed Test

Semen quality Examine volume, sperm co-
unt and motility
=<1 hour

Not specificd

Semen age
Semen donors

Temperature Room temperature

2214-1°0C

Testing solution Serial duilutions

Mix time . 5 seconds

Elapsed time 20 scconds

Slide preparation Hanging drop

Greatest dilution that im
mobilizes sperm in<(20 se-
conds

Endpoint

Confirmation Retest endpoint dilution

>50M/ml, 40~50% rapid >50M/ml,
forward motion

40~50% rapid
forward motion

=1 hour <4 hours

Minimum of 3 Minimum of 3, maximum
of G

37°C 35~37*

Serial dilutions fgm/l1ml

5 seconds 10 seconds

20 seconds 40 seconds

Slide plus coverglass Slide plus coverglass

Greatest dilution that im-
mobilizes sperm in<20
sec.

Must immobilize sperm from
3 or 5 of 6 donors

Average value of donors  Unable to revive motility
with buffered glucose solu-

tion

Baker et al. 1937, 1939; Brown and Gamble,
1940, 1941, 1943, 1943; Millman, 1952; David-
son, 1963; Carruthers, 1958) dealing with in
vitro spermicidal tests, it is apparent that new
methodology has not been published since the
work of Harris in 1962 and the tests most
commenly used at present are the Sander-
Cramer(1941) and the IPPF Agreed(Kleinman,
1964) Tests. The Sander-Cramer test, which
was developed in the laboratories of Ortho
Pharmaceutical Corporation in 1940, involves
the addition of 1.0 ml of diluted test compound
or formulation to 0,2 ml of human semen at
room temperature. The endpoint is the greatest
dilution of the test material which immobilizes
In the IPPF
Agreed test, all spermicides are diluted with

all sperm within 20 seconds.

0.9% saline to a constant concentration of |
g/11 ml. For a product to “pass” the IPPF
test, 1 ml of this solution at 35°-37°C must
immobilize the sperm in 0.2 ml of semen from
each of three different donors or from five of

six donors within 40 seconds. Major variables
between these two tests, as shown in Table 6,
include semen age, temperature, number of
different semen donors, and test solution pre-
paration.

It must be noted that while there are several
procedural differences between these two tests,
the principal difference is in the endpoint of
the tests. The Sander-Cramer test can provide
quantitative potency data, whereas the IPPF
Agreed test only provides qualitative data with
respect to the activity: a product either “passes”
or “fails” the IPPF test.

It has been the general consensus that there
is a large difference in criteria for spermicidal
testing and various factors have been known
to affect the result (Millman, 1952; Harris,
1962). Among the factors which could have
an influence on the results of spermicidal acti-
vities are the pH of test solutions, diluent for
serial dilution of test compound, semen age,
temperature, and semen donor variations,
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Sperm are susceptible to changes in the pH
of cervical mucus. Acid mucus immobilizes
sperm, whereas alkaline mucus enhances their
motility (Moghissi, 1973). The pH of semen
obtained from the donors for all the tests was
7.4-8,0, The optimal pH for sperm migration
and survival in cervical mucus is between 7.0
and 8.5. This is also the pH range of normal
midcycle cervical mucus (Moghissi, 1973).

Our result indicated that sperm immobilizing
activity was stronger in acidic (pH 7.0) than
in alkaline (pH 7.0-8.0) solution at the same
concentrated test solution. However, spermicidal
activity was effective even at an optimal pH
for sperm migration in the cervix in the case
of high concentrated test solution. Therefore,
in order to evaluate accurately spermicidal
potency of tested compound it secems to be
reasonable to perform in vitro spermicidal
activity testing at the PH 7.0-8.0, which is
optimal pH for sperm survival and migration
as well as physiologic range of normal midcycle
cervical mucus.

The other tests were carried out to deter-
mine the effect of various diluents, MBS, RGP
and saline, on the activity of spermicidal
agents, Although the difference was not great
among the results of three of them, it was
suggested that MBS (pH 7.8) is desirable as a
diluent for serial dilution of spermicidal agents
in in vitro testing. Hahn et al (Hahn et al,
1979) performed comparative studies of the
effects of age of semen, room temperature (22
+1°C), and 37°C on six different contraceptive
formulations. Statistical analysis of the data
indicated that spermicidal potency was not
affected by altering temperature when 30-min,
ejaculates were used. When 2-hr-aged semen
was used, there was also no significant diffe-
rence in the spermicidal potencies cbtained for
all formulations, with the exception of Ortho-
Forms, a melting suppository tested at 37°C.
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They felt that it is not necessary to evaluate
spermicidal potency at 37°C because evaluations
conducted at room temperature using fresh
ejaclates yield similar results and are more
convenient.

However, because sperm are subjected in
vivo to 37°C temperature, it may seem logical
to subject them in the in vitro tests to spermi-
cides at 37°C. Our criteria in research practice
was that fresh semen should be used, ideally
within 1 hour ejaculation, to assure consistent
spermicidal results, and that ip vitro testing
should be assayed at 37°C to prevent the influence
of any unphysiologic factor on spermicidal po-
tency.

The problem of semen variation among diffe-
rent doners has been pointed out by many
investigators in the past (Baker, 1939; Brown
and Gamble, 1940; Millman, 1952; Harris, 1962)
and there appears to be no single solution. It
has become cur research practice to test each
compound with three different donors’ semen
in order to minimize variations due to “suscep-
tible” or “resistant” sperm (Table 6).

The large majority of spermicides fall into
cne of five categories with some considerable
overlap (Sobrero, 1979) ; electrolytes; sulphydryl-
binding substances; bactericides; surfactant ag-
ents; and enzyme inhibitors.

1) Electrolytes: Changes in spermatozoal acti-
vity and metabolism associated with change in
tonicity has been reviewed by Blackshaw and
Emmens (Blackshaw and Emmons, 1951).

2) Sulphydryl-binding compounds; These com-
pounds exert their inhibitory action on cellular
functions by several mechanisms, thus allowing
their subclassification into oxidizing substances,
mercaptide-foaming compounds, and alkylating
compounds.

3) Bactericides: Substances that were highly
active microbicidals would, like all disinfectants,

act effectively against spermatozoa and also




—Lee, H.P.: In vitro potency of spermicidal agents—

protect against unwanted pregnancies and vene-
real diseases.

4) Surfactant agents: There are a large
number of long-chain detergents and soaps pos-
sessing spermicidal activity. Their effect is the
irreversible loss of motility and permanent dis-
ruption of the cell membrane. All surface-
active agents exert a potent spermicidal effect
in spite of their different membrane aflinities,
depending on their electric charge. Different
surface-active agents—almost exculsively no-
nionic—are the principal ingredients of most
currently available spermicidal products, world-
wide. The most frequently found is Nonoxyno
1-9. Many of compounds tested in author’s in
vitro spermicidal test belong to this group.

5) Enzyme inhibitors; Many enzyme inhi-
bitors are spermiostatic rather than spermicidal.
Some do not have any effect on spermatozoal
motility in vitro, but have proved effective in
vivo. More recently, Joice, Freund and Peterson
(Joyce et al, 1979) reported a series of experi-
ment exploring the contraceptive activity of
two acrosin inhibitors: TLCK (N-a-p-tosyl-L
-lysine chlormethylketone HCL) and NPGB
(p-nitro-phenyl-p-guanidincbenzoate) and two
hyaluronidase inhibitors, compounds 53 D/K
and phosphorylated hesperidin.

In author’s experiment, in vitro spermicidal
activities of 18 compounds were determined
according to a modified method of Sander-Cra-
compound 65/416
resulted in total immobilization of sperm in 20
seconds at 62.5 pg/m! and 125 pg/ml, respe-
ctively, while Quinine did not resulted in zero

mer. Nonoxynol-9 and

motility of sperm even at 250 pg/ml. Among
all the compounds tested, Nonoxynol-9 and

compound 65/416 was revealed to possess the
most potent spermicidal activity.

This result was confirmed with another in
vitro spermicidal test, the so-called comparative

survival test(Suter, 1978). The modified Sander-

Cramer Test is regarded as a simple effective
in vitro testing procedure for the screening and
evaluation of spermicidal potency of the active
ingredient and the vaginal contraceptive for-
mulation as compared to the so-called com-
parative survival test requiring long incubation.

Kamboj (1978) evaluated in vitro spermicidal
activity of 12 compounds including 65/416,
Nonoxynol-9 and Quinine. He used the Spot
test in which the results were scored positive
if 100% of the spermatozoa became immobile
instantaneously, within 10 seconds. The mini-
mum effective dose was considered as that con-
centration which killed or immobilized all the
spermatozoa instantaneously. His result indi-
cated that compound 65/416 showed spermicidal
property upto a concentration of 0.003% in
saline and 0.015% in buffer (Blackshaw and
Emmens, 1951) (Sorenson’s isotonic phosphate
buffer, pH 7.1) in the Spot test. Nonoxynol
-9 was spermicidal at a concentration of 0.05
9% in saline and 0.256% in buffer. None of
another compounds including Quinine immobi-
lized sperm at a concentration of less than 0.1
94 in physiologic saline in the Spot test, There-
fore, his results were almost same as ours.

As briefly mentioned before, one of the im-
portant aspect in the development of new
vaginal spermicides is that in combination with
an in vitro screcning technique, we must use
an in vivo animal model in the selection of
potential new active ingredients and dosage
forms for future clinical evaluation. In the safety
evaluation, in addition to assessing topical
effects, we need to study the potential for abso-
rption from vagina and the potential systemic
effects of a product.

To date, the most fundamental question per-
taining to preclinical efficacy studies remain
unanswered. Is there a direct correlation bet-
ween preclinical efficacy as judged by various

in vitro and in vivo test procedures and clinical
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efficacy as judged by valid clinical trials? It is
reasonable to assume that any product which
can demonstrate high standards of in vitro and
in vivo preclinical efficacy may also show similar

effects in clinical trials.

SUMMARY

This study was performed in an attempt to
evaluate the spermicidal activity in vitro of
various compounds against human spermatozoa.

First of all, several factors were studied for
their influence of spermicidal activity in vitro.
The methodology used for the in vitro testing
of spermicidal agents was also reappraised.

Tests were carried out under the various pH
of solution to determine the effect of pH on
the motility of sperm. Qur result indicated that
sperm immobilizing activity was stronger in
acidic (pH(7.0) than in alkaline(pH 7.0~8.5)
solution at the same concentated test solution.
However, spermicidal activity was effective even
at an optimal pH for sperm migration in the
cervix. It was felt to be logical to subject test
preparations in the in vitro test to spermicides
at the pH 7.0~8.0. The other tests were
carried out to determine the effect of various
diluents, MBS(Modified Baker’s solution), RGP
(Ringer’s Glucose Phosphate) and Saline, on
the activity of spermicidal agents. Modified
Baker’s Solution Buffer(pH 7.8) was suggested
to be desirable as a diluent for serial dilution
of spermicidal agents. Although the original
Sander-Cramer Test does not indicate the num-
ber of semen samples that should be used for
each evaluation, it appears that variability is
likely to occur among semen donors, It has be-
come the author’s research practice to test each
spermicidal agent with semen obtained from
three different donors in order to minimize
variations.

In the next experiment, in vitro spermicidal

activities of 18 compounds provided by W.H.O.
were determined according to a modified method
of Sander and Cramer, which had been establi-
shed on the basis of above mentioned preli-
minary experiments. The results of in vitro
spermicidal test showed that of all the com-
pounds tested, Nonoxynol-9 and Compound
65/416 possessed maxium spermicidal activity
and they werc considerably potent. Nonoxynol
-9 and Compound 65/416 resulted in total im-
mobilization of sperm in 20 seconds at 62.5
pg/ml, respectively. On the other hand, Qui-
nine, Emetin, Cyto-A, Cyto-B, SDC, Typ.,
and Compound 102/198 belonged to the group
of least effective spermicidal activity, which did
not show zero motility of sperm even at 250
pg/ml.

Meanwhile, in order to evaluate the result
of Modified Sander-Cramer Test, another in
vitro spermicidal test, the so-called “Compara-
tive Survival Test” was performed on Quinine,
Compound 65/416 and Nonoxynol-9, From the
result of this test, it was also revealed that
either Nonoxynol-9 or Compound 65/416 exerted
more potent spermicidal effect than Quinine.

=@ X ¥ %=
BREaENS feEAAHM BESH in vitro KER

¥ # #
A BB BFAA Bk AR

of i A Kighel ol gt EOEFe) EOSER R
JiCin vitro)& #FHEZ] §ehd Hfrulda.

A in vitro FHEE (FH T WEE =R
o ETel dlele EEstd o], wg ERSRC in
vitro testell FIfizl = HEES HHENLD T

HaiiEitkd ol A= pHe RS A& St
o o] 7} pHe| B Tl A RS il = &
B REES test BEA A g #(pH 7.0~8.5)
ERE L B (pHT. OERA A BiR Bt fERAH el
vl E\E-g Fastddeh. e FEEEN BREHY

— 538 —




--Lee, H.P.: In vitro potency of spermicidal agents—

#F pHel flolA = BE@IERC Sl d & o
2 o] o] Mol in vitro testo]l el Al R
i e pH 7.0~8.0 Vol & #jlist & zlo] Zushrba
Azbg ol eh, ofg sl testt- #4448 WY modi-
tied Baker’'s solution(MBS), Ringer’s glucose pho-
sphate (RGP), saline%o] Zsaafiel fERI70 = A
= e HEGE Aoldd. 2 5% modified Ba-
ker’s solution buffer (pH 7.8)7} kafapilel A
FRL 93 MEmE 9 Ee ok M
Sander-Cramer testi> # #Ffel fFRH ol okl $
BlEY BE O AMEA s fotew Mt
BRKko] 97 4] =B Fx PITMITAA £ o B
Rige Bbelz] sl8led 379 N2 oE fR{HE
2 RIRE WS A8 A HRMEEE testslal
o},

e BBozd REY WiHEES KEE
FEi7r= Sander-Cramer@#i: & FIfdled WHOe| ¢
o ke 18M0] BREAMS in vitro fERANE MIE
. in vitro FHidsteste] FRT B testd #
filcs Nonoxynol-93 Compound 65/4160] #Fas] %
Wis feEANE 7t o 2de sistdet. 14 Non-
oxynol-9% Compound 65/416% 62.5 pg/mld} 125 pg/
mlofl 4 &% 20804 Hasel 2FEMEE  “ebdolch
& quinine, emetin, eyto-A, cyto-B, SDC, Typ.,
Compound 102/198& 250 pg/mlo} A1 = Hisho) EEME
FE ovehd A ot ARSI sMA AL P &
st o},

3% modified Sander-Cramer test®] £ RE T
3] 13kl = o & in vitro U tested B “It
B H4FN test”F quinine, Compound 65/416, Non-
oxynol-9el] = &ed FLhiEI Gt o} testo] FHEE o A
Nonoxynol-9¢] 4+ Compound 65/416¢] quinine® t}
Fioatot o g Vel gl

REFERENCES

Baker, J.R.: The chemical control of conception.
London, Champman & Hall, Ltd. 1935.

Barker, J.R., Ranson, R.M. and Tynen, J.: The
spermicidal powers of chemical contraceptives. VII
Approved tests. J. Hyg. (Camb), 37: 474, 1937.

Baker, ]J.R., Ranson, R.M. and Tynen, J.: The
chemical composition of the Volpar contraceptive

products. I Phenylmercuric acetate as a spermicide.

Eugenics Review, 30: 261, f939.

Baker, J.R.: The examination of semen specimens. J.
Contraception, 4: 127, 1939.

Blackshaw, A.W. and Emmens, C.W.: Interaction of
pH, osmotic pressure, and electrolyte concentration
on motility of ram, bull, and human spemratezoa.
J. Physiol., 114: 16, 1951.

Brown, R.L. and Gamble, C.]J.: A method of testing
the relative spermicidal effectivencss of contracep-
tives, and its application to ten commerial products.
Hum. Fertil., 5: 97, 1940,

Brown, R.L. and Gamble, C.J.: The comparative
spermicidal powers of 15 commercial contraceptives.
Hum. Fertil., 6: 1, 1940.

Brown, R.L. and Gamble, C.J.: Factors influencing
the survival time of human spermatozoa in a solu-
tion of potassium acid phthalate. Hum. Fertil., 8:
4, 1948,

Brown, R.L. and Gamble, C.].: Studies of spermicidal
time of contraceptive materials. Hum. Fertil., 8:
9, 1948.

Carruthers, G.B.: Laboratory testing of spermicidal
preparations. Studies on Fertility, 9: 28, 1958.

Davidson, H.A.: The contact test. A methed of mea-
suring spermicidal action. Lancet, Aug. 29, 1953,
. 489.

Hahn, D.W., Homm, R.E. and McKenzie, B.E.:
Preclinical evalualion of new vaginal coniraceptives.
In Zatuchni, G.I, Sobrero, A.J., Speidel, J.J.:
Vaginal contraception, new developments, 1979,
Harper & Row. p. 238.

Harris, W.N.: A new test of total spermicidal power.
J. Reprod. Fertil., 3: 105, 1962.

Joyce, C., Freund, M. and Peterson, R.N.: Coni-
raceptive effects of intravaginal application of
acrosin and hyaluronidase inhibitors in the rabbit.
Contraception, 18: 95, 1979.

Kamboj, V.P. and Setty, B.S.: W.H.O. Expanded
programme of research, development and research
training in human reproduction: Evaluation of some
compounds for spermicidal activity in the Spot and
IPPF Tests. Progress Report, Feb. 3, 1978.

Kleinman, R.1.(ed): IPPF Medical Handbook, ond
Ed. London, International Planned Parenthood Fed-
ration, 1964, p.71.

— 539 —




—ZFZ  In vitro B R LHRE—

Millman, N.: A critical study of methods of mea-
suring spermicidal action. Ann. N.Y. Acad. Sci.,
54: 806, 1952.

Mishell, D.R., Jr. and Davajan, V.: Reproductive
endaocrinology, Infertility and Contraception. 1979,
F.A. Davis company, Philadelphia, p.446.

Mishell, D.R., Jr. and Davajan, V.: Reproductive
endocrinology, Infertility, and Contraception. 1979,
F.A. Davis Company, Philadelphia, p.351.

Moghissi, K.S.: Sperm migration through ithe human
cerviz. In Elstein, Moghissi, K.S., and Borth, R.
(eds): Cervical mucus in human reproduction. Copen-
hagen, Scriptor, 1973, p.128.

Sander, F.V., and Cramer, S.D.: A practical method
for testing the spermicidal action of chemical action
of chemical contraceptives. Hum. Fertil., 6: 134,
1941,

Sobrero, A.].: Spermicidal agents: Effectiveness, use,
and testing. In Zatuchni, G.I., Sobrero, A.J., Spei-
del, J.J., and Sciarra, J.A.: Vaginal contraception,
New developments. 1979, Harper & Row, p.48.

Suter, D.A.1.: Progress report in the communication
with Gallegos, A.J., Medical officer, Special pro-
gramme of research in human reproduction, W.
H.QO., Mareh 6, 1978.






