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b The development of a technic for non-
* qurgical sterilization having acceptable
clinical effectiveness and a minimum of un-
desirable side effects is one of the principa
objectives of physicians who are concerned
about the demographic problems of the
world. As noted by Corfman,® who recently
reviewed the relevant historic aspects,
transvaginal sterilization technics have
been studied for more than 1 century.
Froriep? in 1849 applied silver nitrate to
the cornual areas of the tubal ostia Kocks*
in 1878 attempted to effect tuba occlusion
by transuterine electrocoagulation of the
same areas. Nonspecific caustic agents such
as phenol and solutions of iodine have been
instilled into the endometrial cavity in
attempts to produce tubal obstruction.® 8
In two recent communications® 1° we de-
scribed our experiences in humans using an
intrauterine instillation of a 2% solution
of formaldehyde in ethanol. Our prelimi-
nary observations with this nonspecific
type of caustic material suggest that they
should be dissolved in ethanol before their
instillation. Their combination with ethanol
enhances, and possibly hastens, the coagu-
lation_ of the endometrial proteins, thus
reducing to a minimum the quantity of
caustic material which may escape through
the fallopian tube into the peritoneal cav-
ity. Retention of the caustic material
within the tubal lumina is thereby extended
over a longer period of time, permitting
* Samuel L. Siegler Lecture, presented at the
26th Annual Meeting of The American Fertility
Society, March 18-21, 1970, in Washington, D. C.
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progressive diffusion into the tubal epi-
thelium and into the subepithelial tissues.
In our previous studies we found that at
least six successive monthly instillations
with the formaldehyde-ethanol solution
were necessary in order to effect tubal
occlusion.

According to the Life Table method of
analysis, we calculated that the cumula-
tive rate of pregnancy/100 women after
30 months followup in women who had
been shown to have tubal occlusion was
8.7. During the period of instillations it
was 8.4. There was a dropout rate of 26.0
and a total continuation rate of 45.0'° (see
Table 1). It is logical to assume that these
same rates might prevail for other non-
specific caustic agents used in a similar
manner. !

The most important side effects observed
in patients receiving instillations of this
type of caustic material were hypomenor-
rhea and amenorrhea. This indicates that
the functional capacity of the endometrium
is either partially or completely suppressed
as a result of the instillations. Our ob-
servations also clearly indicated that this
“local” functional effect was only tempo-
rary, and was invariably followed by com-
plete restoration to normalcy. As seen in
Fig. 1 the histology of the deep layers of
the endometrium in these patients was
normal and in subsequent biopsies showed
no consistent changes.? On the other hand,
histologic studies of the fallopian tubes
showed rather marked fibrosis of the intra-
mural zone (see Fig. 2).

These preliminary studies prompted us
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TABLE 1. Cumulative Rates of Nonclosures and Closures per 1060 Women*
Rate after
3 mos. 6 mos. 9 mos. 12 mos. 24 mos. 30 mos.
Events (non-closures)
Pregnancies
After tubal obstruction 0.0 3.1 4.1 6.4 8.7 8.7
During treatment 1.0 4.1 8.4 8.4 8.4 8.4
Spontaneous recovery of tubal patency 0.0 0.0 1.0 1.0 8.9 8.9
Bleeding 0.0 0.0 1.0 1.0 1.0 1.0
Oligo and/or hypermenorrhea 1.0 3.4 5.6 7.8 10.2 10.2
Amenorrhea 0.0 14 3.5 6.8 10.5 105
P.1.D. 0.0 0.0 0.0 11 2.2 2.2
Medical relevant 1.0 1.0 1.0 1.0 1.0 1.0
Other medical 0.0 0.0 0.0 1.1 3.7 3.7
Personal relevant 2.0 2.0 2.0 2.0 2.0 2.0
Dropout 10.3 20.7 24.9 26.0 26.0 26.0
Method failure 0.0 0.0 2.1 3.2 3.2 3.2
Relevant events (closures)
Total pregnancies 1.0 7.2 125 14.8 17.1 17.1
Spontaneous recovery of tubal patency 0.0 0.0 0.0 0.0 5.3 53
Bleeding 0.0 0.0 0.0 0.0 0.0 0.0
Oligo and/or hypermenorrhea 0.0 0.0 0.0 0.0 0.0 0.0
Amenorrhea 0.0 0.0 0.0 0.0 0.0 0.6
P.1.D. 0.0 0.0 0.0 0.0 0.0 0.0
Medical relevant 1.0 1.0 1.0 1.0 1.0 1.0
Personal relevant 2.0 2.0 2.0 2.0 2.0 2.0
Dropout 10.3 20.7 24.9 26.0 26.0 26.6
Method failure 0.0 0.0 2.1 3.2 3.2 3.2
Total closures 14.3 30.9 42.5 47.0 54.6 54.6
Continuation 85.5 68.8 57.2 52.7 45.0 45.6
Women-months of observation 265.5 4835  660.0 8055 1275.0 1336.5

* Two per cent solution of formaldehyde in ethanol was used.

to search for nontoxic water-soluble sub-
stances which would have rather selective
specific effects upon the epithelium and
intramural portion of the fallopian tubes
and which would be relatively innocuous
if they came in contact with the perito-
neum by escape from the tubes. From the
morphologic standpoint the cornua por-
tion of the tubal lumen is most vulnerable
to occlusion because it is a very narrow
canal and is surrounded by dense and
highly tonic uterine muscles resembling a
sphincter. For these reasons it is logical
to assume that a water-soluble chemical
which has antimetabolic or cytotoxic ac-
tion might possess the quality of atering
the function of the fallopian tube if in-
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gtilled through the endometrial cavity into
the canal of the tube. Occlusion of more
distal portions of the tube is less likely
because the lumen becomes larger as
approaches the fimbriated end and offers
less resistance and reduced time of coP
tact with the ingtilled solution before it
escape into the peritoneal cavity. We be-
lieve that the occlusive action of the ¢y
toxic agents will increase with incres®

time of contact with the epithelium 82
stroma of the tube. The endometrium® *
considerably more resistant to the © s
toxic drugs, presumably because Of :ﬁc
relative thickness and because of per®_
shedding and renewal. The resistan™

the endometrium to localy applied oyt
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o%iC agents is advantageous because
cywtoxic agents which would produce
;hanges in bleeding patterns are seldom
produced as a result of the ingtillations.

In our search for potentially effective
qubal occlusion, the rat served as our ex-
crimental model.'!2 One of the most
interesting observations in our studies
with the cytotoxic agents in the rat was
, that their influence upon fertility was not
necessarily related to demonstrable his-
tologic changes. It was possible to reduce
fertility with one agent for considerable
periods of time in the absence of histologic
evidence of abnormality, whereas with
another drug massive uterine obstruction
gccurred and this presumably was the
cause Of the reduced fertility.!!

Quinacrine, a derivative of acridine, has
been studied intensively by us'? and has
been shown to produce an intense mor-
phologic change in the endometrium of the
rat when instilled into the uterine cavity.
The uterine cavity becomes obstructed as
a result of hyperplasia of the endometrium
and subepithelial stroma, and there is a
subsequent prolonged reduction in fertility.
It seems likely that the obstructive reac-
tion plays an important role in reducing
the fertility. The extent and duration of
the obstruction increase with the quantity
of quinacrine which is instilled into the
uterine cavity. It appears that with large

¢ uman ] ghysterectomy
specimen) 48 hr. after ingtillation with ‘a 2% solu-
tion of formadehyde in ethanol.
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Fic. 2. Histologic aspect of the lesion induced
by a 2% solution of formaldehyde in ethanol in
the human fallopian tube. X 100.

doses the obstruction does not sponta-
neously reverse itself. We have shown that
if estradiol and/or progesterone are given
systemically at the time when the quin-
acrine is instilled, the obstructive action
of the quinacrine is prevented. Also, the
systemic administration of either estradiol
or progesterone will reverse the uterine ob-
struction produced by a previous instilla-
tion of quinacrine, thus restoring patency
of the corresponding uterine horn.
Quinacrine was selected by us for study
in humans because it has been injected
with safety and without secondary effects
into the peritoneal and pleura.4 cavities of
humans for the control of effusions result-
ing from metastatic lesions.®* 7 Our pre-
liminary observations with its use as a
means of producing tubal occlusion in hu-
mans were described in 1969.2¢ It is our
purpose in this paper to present the results
of additional and more detailed clinical
studies of the intrauterine instillations of
solutions of quinacrine to control fertility.

MATERIALS AND METHODS

Quinacrine hydrochloride  (Winthrop
Laboratories, New York, N. Y.) was pre-
pared in two different concentrations for
use in two separate groups of patients. For
each group a saturated solution of quin-
acrine hydrochloride was prepared in dis-
tilled water and additional crystalline
quinacrine was added to the solution. This
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mixture of a saturated solution and a sus-
pension was freshly prepared each time
immediately before use. The two mixtures
were different only in the quantity of the
crystalline suspension and the total vol-
ume administered per patient. The patients
in Group A were given a regimen consisting
of a 2-ml. suspension containing 250 mg. of
quinacrine directly into the endometrial
cavity. A maximum of three such instilla-
tions was given. Each instillation was ad-
ministered within 3 or 4 days after the
termination of the menstrual flow. The
regimen for the patients in Group B was
a 4-ml. suspension containing 1 gm. of
quinacrine as an intrauterine instillation.
A maximum of two such ingtillations was
given per patient.

Technic  of Intrauterine Instillation.
Only gynecologically normal women were
included in the program. The anterior lip
of the cervix was grasped with a tenac-
ulum and the direction and length of the
uterine cavity were found. A biopsy can-
nula was then introduced to the top
of the endometrial cavity and the suspen-
sion of quinacrine was slowly injected
through the cannula from an attached
10-ml. syringe.

The injection was completed in approxi-
mately 1 min. The cannula was withdrawn
from the uterus 1-2 min. after completion
of the injection to minimize reflux of the
suspension into the vagina

Group A. Eighty-five patients were ad-
mitted to this series. An attempt was made
to insufflate the tubes or to obtain a hys-
terosalpingogram after each instillation.
When the tubes were found to be occluded,
no additional instillations were done. In
those instances when tubal patency per-
sisted after the third instillation, the pa-
tient was tabulated as a method failure.
If a patient missed two or more clinic visits
after her last instillation, she was desig-
nated in the tabulations as a dropout.

Four patients in this series who had
tubal occlusion requested surgical sterili-
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zation. Salpingectomies were done on these
four at various intervals up to 1 year
after the last uterine instillation and the
tubes were studied histologically. In addi-
tion, endometrial biopsies were obtained
from approximately 20 of the patients
within this series.

Group B. Thirty-seven patients were
admitted to this series. Tubal insufflation
with CO. was attempted in each patient
after the first uterine instillation. If the
tubes were occluded, no additional instilla-
tions were done and the patient was exam-
ined monthly for tubal patency and for
pregnancy. When tubal patency was found
after the first instillation, a second was
performed. When the second instillation
did not occlude the tubes, the patient was
tabulated as a method failure. Any patient
who failed to return within 2 months after
the first ingtillation and was subsequently

found to have patent tubes or to be preg- .

nant was tabulated as a dropout.

Analysis of Data. The Life Table tech-
nique was applied to the rather complex
events and closures which occurred in
Group A. Because the pattern of treatment
for the patients in Group B was much less

|

complicated, the results are expressed in'
percentage of tubal occlusion subsequent :

to one and two instillations, and to con-
traceptive use-effectiveness in relation t0
time. The Life Table method was not used
for Group B.

RESULTS

Group A. As seen in Table 2 tubal ob-
struction was produced in 60 of the 85
patients (70.5%). In 68 patients tubal 17
sufflation was performed after each instilla-
tion in consecutive cycles in order to d-
termine tubal patency. Tubal obstruct'}on
was found after the first cycle following
the initial instillation in 24 of the 68 st"-
ied patients (35.2%). It can be seen that
the cumulative tubal occlusion rate %2
88.2% after three consecutive instilld”
tions.

Human fertility control by transvaginal application of quinacrine on the Fallopian tube.
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The rate of pregnancies/100 women-
years in relation to the number of instilla-
tions which produced tubal obstruction is
shown in Table 3. The pregnancy rate
dropped from 4.9 after one instillation to
1.2 after three indtillations.

A summary of the relevant data on
events and closures over a 2-year period
is shown in Tables 4 and 5. The rate of
pregnancy, after tubal obstruction had
peen diagnosed, was 8.6. This rate includes
those patients having one, two, and three
instillations. During the treatment period
the rate of pregnancies in women who
had patent tubes was 5.8. There was a
dropout rate of 10.6. At the end of 31
months there was a 62.8 rate of continua-
tion.

Menstrual patterns were recorded on all
of the patients and were found to con-
tinue in a normal manner. Although some
minor variations occurred they were not
considered to be significant.

The fallopian tubes from the 4 patients
who had salpingectomies were sectioned
serially and studied microscopically. The

TABLE 2. Effect of Number of Instillations on
Tubal Patency; Partial and Cumulative Rates
(Quinacrine Regimen A) *

No, of Noatenie Cumulati
No, 0 No. of patients patent Cumulative

instilla- : ¢ tes of
tions ~ Ppatients Percent. Patients opctrittion

age

1 55 24 43.6 31 35.2

2 41 24 58.5 17 70.5

3 20 12 60.0 8 88.2

* Cumulative rates calculated from 68 studied
patients (60 nonpatent and 8 patent).

TABLE 3. Cumulative Rates of Pregnancies After
31 Months in Relation to the Number of Instilla-
tions Which Produce Tubal Obstruction
(Quinacrine Regimen A)

0. of No. of ; Rate/100
instillations pa?ier?ts Pregnancies V\?oﬁw/en

1 24 4 4.9

2 24 2 2.5

3 12 1 12
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TABLE 4. Cumulative Rates of Nonclosures per
100 Women (Quinacrine Regimen A)

Rate after

Events 3 9 12 a1

mos.  mos. mOS.  mos.

Bleeding . 11 3.6 3.0 3.6
Oligo and/or hypomenorrhea 0.0 1.2 2.6 2.6
Amenorrhea 6.0 0.0 0.0 0.0
P.I.D. 1.1 2.4 2.4 2.4
Medical relevant 0.0 0.0 0.0 0.0
Other medical 11 11 1.1 11
Personal relevant 0.0 0.0 0.0 0.0

TABLE 5. Cumulative Rates of Closures per 100
Women (Quinacrine Regimen A)

Rate after
Relevant events 3 9 1 31
mos. mos.  mos. mos.
Pregnancies
After diagnosed tubal 0.0 6.1 8.6 8.6
obstruction
During treatment 5.8 5.8 5.8 5.8
Spontaneous recovery of 0.0 0.0 2.6 2.6
tubal patency
Dropout 9.4 10.6 10.6 10.6
Method failure 9.4 9.4 9.4 9.4
Continuation 754 68.0 62.8 62.8
Women-months of obser- 2205 5655 7125  1068.6
vation

histologic changes were most marked in
the cornual portion of" the tubes and di-
minished rapidly and progressively for a
distance of 2-3 mm. In most instances the
remaining portions of the tubes were
found to be normal. Within the affected
area the lumen was obstructed by granu-
lomatous tissue consisting of lightly stained
cells having regular norma nuclei. No sig-
nificant abnormalities were detected in the
tubal musculature. This histologic picture
was similar in al 4 patients and remained
unchanged after 1 year (see Figs. 3-8).
Group B. Tubal obstruction was found
after the first cycle following the initial
ingtillation in 24 of the 37 patients (64.8%).
There were 9 patients who had a second
ingtillation and 5 of these were shown to
be obstructed during the succeeding cycle
(55%). The cumulative rate of obstruction
for the entire group was 84.3 (see Table 6).
The 29 patients who had demonstrable
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Figs. 3-6. Serial section of human fallopian tube 60 days after a single instillation of quinacrine

regimen A. X 100.

Fics. 7 and 8. Serial section of human fallopian
tube 1 year after a single instillation of quinacrine
regimen A. X 100.

TABLE 6. Effect of Number of Instillations on
Tubal Patency; Partial and Cumulative Rates
(Quinacrine Regimen B)

No. of Non _ateint Cumulative
_No. atients Cu
instilla- ';l?iér(w){s _ PAEME  Patent ¥ of
tions p No, [Percent- patients ghstruction
- age

1 37 24 64.8 13 64.8

2 9 5 55.0 4 84.3

tubal obstruction were exposed to preg-
nancy for a total of 214 women-months:
Over the period of observation there were
no pregnancies in this latter group. There
were 4 patients who received only 00¢
instillation and whose tubes remain®
patent. These patients became pregmlnt
during the period of observation. .

Complications. There was one comph
cation attributed to the method in a tot?
of more than 250 instillations of susper”
sions of quinacrine. In this instance. -
mediately after the instillation the patient
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pecaIme hyperirritable in a manner sug-
stive Of the central nervous system exci-
iation which occasionally results from
Novocain (Winthrop Laboratories) which
pas oeen accidentally administered intra-
v_usly. The signs and symptoms of this
atient were readily reversed by the intra-
emus administration of a rapid acting
parbiturate and some chloropromazine.
The entire episode lasted . approximately
4 hr. and there were no demonstrable
sequellae.

There was no evidence of peritoneal ir-
Jitation or peritonitis in any patient and
po Patient complained of abdominal or
pelvic pain during or &fter the instillations.

There were no ectopic pregnancies among
the pregnancies which resulted from method
failure.

DISCUSSION

Our preliminary studies of antimetabolic
agents in the rat!? suggested that quin-
acrine, a member of the acridine class,
might be suitable to produce tubal ob-
struction in the human when instilled into
the uterine cavity. In the rat this material
produces uterine obstruction by causing a
granulomatous proliferation of the endo-
metrium. The clinical studies reported here
indicate that a similar reaction occurs in
humans. It is interesting that the most
pronounced effect is upon the cornua por-
tion of the tubal epithelium. The quin-
acrine suspension has relatively little ef-
fect upon the more distal portions of the
tubes or upon the endometrial epithelium.
The systemic effects of these intrauterine
instillations are minimal. It appears that
the antifertility effect of these instillations
can be attributable to the mechanical
obstruction of the cornual portions of the
falopian tubes.

In Group A the results indicated that
the pregnancy rate is- directly related to
the number of instillations which are re-
quired to produce tubal obstruction. This
observation suggests that there is an ac-
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cumulative effect from the drug. In women
whose tubes have become obstructed by
one instillation of a 2-ml. suspension of
250 mg. of quinacrine (Group A), preg-
nancy rate of 4.9/100 women-years is at-
tained at the end of the study. When tubal
obstruction is produced by three instilla-
tions, a pregnancy rate of 1.2/100 women-
years is attained (Table 3). In this group
the principal reasons for closure are (1)
pregnancy during the course of treatments
(5.8%), and (2) patient dropout (10.6%).
With the second dosage (Group B) we ob-
tained 65% tubal obstruction after the first
instillation. With the dosage used in Group
A only 24 of the 68 studied patients were
obstructed (35.2%) after the first instilla-
tion. In Group B there have been no preg-
nancies as of this time (March 1970). The
length of observation to date is an average
of 7.3 months of exposure/woman.
Effectiveness. The efficiency of the in-
stillation method was improved significantly
by increasing the volume of the suspen-
sion which was used. The total effectiveness
could probably be enhanced by protecting
the patient from accidental pregnancy be-
fore the tubes had become occluded. It is
our belief that the application of interim
protection is essential in any sterilization
technic which is not or may not be a one-
time method. ‘
Because of our success in the use ‘of
quinacrine as an agent for producing tubal
obstruction via intrauterine instillation,
we became interested in determining, if
possible, whether this property was due to
activity of the entire quinacrine molecule
or perhaps could be attributed to a specific
portion of the molecule. The incentive for
extending our studies into the area of
mechanism of action at the pharmacologic
level was the possibility that more specific
and efficient substances might be found.
Our studies to date have included only
three additional compounds-riboflavine,
proflavine, and chloroquine.® A compari-
son of the antimalarial and molecular
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Fic. 9. Quinacrine, 1; Proflavine, 2;

structural relationships of these three sub-
stances with quinacrine is illustrated in
Fig. 9. The pharmacologic effects of equal
concentrations of these four substances
upon the endometrial epithelium of the
rat were studied.® Of these only quinacrine
and proflavine possessed endometriotropic
properties. Chloroquine and riboflavin had
no endometriotropic effects whatsoever in
the concentrations used. Our tentative
conclusion from this latter study is that
the proliferative effects of quinacrine and
proflavine are derived from the acridine
nucleus. Much additional work will be
necessary before more direct correlations
can be drawn between chemical or molec-
ular configuration and a specific effect
upon the endometrial and tubal epithe-
lium in both experimental animals and in
humans. Studies along these lines have
aready begun.

Reversibility-Spontaneous and Induced.
During the first year after the demon-
stration of tubal obstruction our data
indicated that there were a limited num-
ber of pregnancies and that tubal patency
was occasionally restored. The incidence of
accidental pregnancy did not increase dur-
ing the second and third years and there

ZIPPER ET AL.
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Chloroquine, 8; and Riboflavine, 4

have been no new pregnancies registered
since our last communication in October
1969.1° These data indicate that the rate
of spontaneous reversal of the tubal ob-
struction and/or other antifertility fac-
tors is very low. With our present state of
knowledge it is not possible to ascertain
with any degree of confidence what errors
have been made by us as to the diagnosis
of tubal obstruction or to what extent, if
any, hysterosalpingographies or tubal in-
sufflations have contributed to the restora-
tion of tubal patency. In any case, our
clinical experience suggests strongly that
spontaneous reversal of tubal obstruction
occurs infrequently and only during the
first year after treatment.

Experiments in rats!?2 have shown that
the hyperplastic reaction can be reversed
by the administration of either an estro
gen or a progestogen. Perhaps in the hu-
man the normal concentrations of estroge?
or progestogen are insufficient to effect f
reversal of the obstructive lesion. It see™”
possible that reversal could be produced ™
the human as in the rat by the system¥
administration of either estrogens or pr;
gestogens, or perhaps by a combination
both. If tubal patency can be restor€
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hmcally, then this procedure which was
rlgmally developed as a technic for non-
Su,glcal female sterilization could become a
.eversible method of contraception. Clinical
studies tO assess the reversibility of these
tlfel'tlhty effects by the administration
f exogenous steroids have been planned.
Demographic Considerations. We con-
Jder it highly desirable to develop a
nonsurgical technic for female as well as
for mae steril ization. There would be tre-
mendous practical advantages of a technic
such as described in this report because it
can be readily performed by paramedical
personnel with minimum danger to the
patient. It would have even greater demo-
graphic implications if the method can be
refined further such that a high degree of
contraception  could be  consistently
achieved by only one intrauterine instilla-
tion of the chemical agent responsible for
the tubal obstruction and reduction in fer-
tility.

T
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