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In previous studies’ we have instilled
cytotoxic agents and metabolic depres-
sants into the endometrial cavity of rats,
and have thereby induced changes in the
endometrium which have resulted in re-
duced fertility. It was suggested that this
reduction of fertility was due to an endo-
metrial environment which was inade-
quate for implantation.

Two different types of histologic changes
have been observed. (1) Some chemical
agents, such as cadmium and thio-TEPA
(N, N', N"-triethylene thiophosphora-
mide) have a marked capacity for inhibit-
ing implantation, although they induce
only slight morphologic alterations of the
endometrium. Similar results were pro-
duced by physical noxia, such as freezing
of the endometrium. * In the latter instance,
depression of the capacity for implanta-
tion could be reversed by local application
of histamine. * (2) Other cytotoxic sub-
stances such as monoiodacetate and eth-
anol produce intense morphologic changes
which result in complete obliteration of
the uterine lumen. The reduction of fer-
tility in these animals was attributed pri-
marily to mechanical obstruction. ' The
effects of cytotoxics as measured by im-
plantation rates were reversible, except
when extensive cicatricial lesions totally
blocked the treated horn. Most of the
drugs employed were inadequate for use
in humans because of their potential toxic-

ity.
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In this series of experiments, we used
only those cytotoxic drugs which might be
safely employed in humans and which in-
duced alterations in the endometrium of
the rat when introduced by the specific
technic employed. The effect(s) of these
drugs upon the tubal mucosa will be re-
ported in another communication.

Quinacrine, a derivative of acridine,
was chosen for this present study because
there is clinica evidence which indicates
that this substance is harmless in humans
when injected directly into the peritoneal
or pleura cavities for the purpose of con-

trolling effusions caused by ovarian or |
endometrial metastasis. * Its carcinostatic |

properties have also been demonstrated
in vitro® and in vivo. ® The present paper
describes the changes produced by a single
ingtillation of a suspension of this drug into
the uterus of the rat.

MATERIALS AND METHODS

Albino rats of a nonisogenic strain.
weighing about 200 gm. each, were used.
Under tribromethanol (Avertin) anesthe-

sia, 0.2 ml. of an agqueous suspension of |
quinacrine was indtilled into the right uter-

ine horn following a technic reported pre-
vioudy. ' This suspension represents
combination of a concentrated solution
and a suspension of quinacrine in water
This volume of suspensions remained the
same in all the experiments.

Experiment A. Search for an Effective
Dose. The drug was tested in dosage®
which ranged between 5 and 40 mg. of
quinacrine. After a single instillation, the
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animals of each group were mated with
males (4-5 females per male) at different
intervals after treatment. Vaginal smears
were oObtained daily to determine the cycle
phase and to detect the presence of sperm.
Implantatlon sites were recorded and
corpora lutea were counted on the 9th or
10th day post coitus.

Experiment B. Search for Blastocysts.
In another group of rats, injected with
either 20 or 40 mg. of quinacrine, each
uterine horn was flushed twice with saline
on the 5th day after coitus and the wash-
ings were searched for blastocysts. In addi-
tion, corpora lutea were counted.

Experiment C. Effect of Exogenous
Quvarian Hormones on the Changes In-
duced by Quinacrine. The right uterine
horn of each rat was ingtlled with 20 mg.
of quinacrine. Either an estrogen or a
progestogen was administered in varying
dosages at different times subsequent to
the instillation of quinacrine. Each estro-
gen injection contained 50 ug. of estra-
diol benzoate, and each injection of
progestogen contained 500 ug. of pro-
gesterone. All the animals were sacrificed
10 days after the last hormone injection.
Four groups of animals were studied. The
design of the four groups is shown in Ta-

ble 1.
Experiment D. Histologic Studies.

Transverse sections of the uterine horns

TABLE 1. Experimental Design to Study the
Effect of Exogenous Ovarian Hormones on-
Endometrial Changes Produced by

Quinacrine
NO. Interval hetween
Group r(;\{s Eﬁ;ﬁgﬁgs Dose h;‘r‘;gzgr:‘;mﬂ?s-
trations
1 7  Estradiol 50 ug. 24 hr.
benzoate 50 ug. 96 hr:
2 5  Estradiol 50 ug. 25 days
benzoate 50 ug. 28 days
3 6  Progesterone sqg ug. 24 hr
500 M8. 96 hr.
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were stained with hematoxylin and eosin,
and were studied microscopically.

RESULTS

Tables 2, 3, and 4 summarize the effects
of different doses of quinacrine upon im-
plantation and give some indication of the
capacity for spontaneous recovery. Doses
below 20 mg. did not alter significantly
the fertility of the rat (Table 2).

In Table 3 it can be seen that after in-
stillation of quinacrine at a dosage of 20
mg., there is a gradual time-related re-
covery with regard to the number of im-
plantations. The rate of recovery closely
parallels the restoration of uterine patency.
The effect obtained with 40 mg. is more
marked and persistent (Table 4).

Approximately 50% of the blastocysts
were recovered in the untreated horns
of rats ingtilled with 20 or 40 mg. of quin-
acrine. This incidence of recovery is based
upon the number of corpora lutea found on
the ovary of the ipsilateral horn. There
was no significant difference between the
number of corpora lutea present on either
ovary. The recovery of blastocysts in the
treated horn was impractical while me-
chanical obstruction persisted. Recovery

TABLE 2. Rate of Implantations in the Right
Horn* of Rats Instilled with 5 and 10 mg.
of Quinacrine, followed for 60 Days

5 mg. 10 mg

Right Letft Right Lett
horn horn horn horn
7 1 2 4
2 5 5 2
4 3 6 2
0 8 0 6
7 3 4 6
4 2 4 1
6 6 0 3
5 4 0 )

2 5 0 3

8 3

o Average 4.5 4.0 2.3 10
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TABLE 3. Rate of Implantations in the Right Horn* of Rats Instilled with 20 mg. of Quinacrine, followed for

104 days
1st month 2nd month 3rd month 4th month

Right Left Right Left Right Left Right Left
horn horn horn horn horn horn horn horn

0 0 0 9 3 9 4 5

0 6 1 1 0 5 6 5

0 0 0 3 0 3 1 0
4 2 7 1 7

0 7 0 6 4 5

0 3 2 6 0 6

2 2 3 2 6

0 5 0 2 4 5

0 0 0 0 0 5

0 0 5 4

0 4

3 4

0 2

0 7

0 4

3 4

0 3

0 3

0 2

0 4

0 3

0 5

0 4

1 3

0 5

Average 0.5 3.2 1.3 4.0 1.4 5.6 3.6 3.3

* Left uterine horn as control.

of eggs from the fallopian tubes was not
attempted.

Figure 1 illustrates the histologic changes
present at different intervals after injec-
tion of 20 mg. of quinacrine. Quinacrine in-
duced slight morphologic changes of the
endometrium when given in a dosage of
10 mg. The histologic response produced
by 20 mg. was that of complete oblitera-
tion of the lumen of the uterus, and con-
sisted of a very exuberant foreign body
giant cell reaction interspersed with stro-
mal cells. These large foreign body giant
cells contained clumps of crystalline and
amorphous quinacrine. This particulate
material persisted for long periods of time
in chronic cases. Slight fibrosis and mod-
erate infiltration by eosinophils and neutro-
phils were observed in the deep layers of

the endometrium. The infiltration by mneu-
trophils extended into the superficial
myometrium. The histologic alterations
present in the group of animals which re-
ceived 20 mg. reverse spontaneously in
most cases after a period of about 3
months, whereas changes produced by
40 mg. persist.

When estradiol or progesterone was ad-
ministered within the 1st week after treat-
ment with 20 mg. of quinacrine (Table 2.
Groups 1 and 2) and the animals were sac-
rificed in the 2nd week after instillation7
the uterine epithelium showed the typical
changes induced by either estrogen of
progestogen, and the uterine lumena weré
patent (Fig. 2).

When one or the other of these hormones
was administered at the end of the 1st
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TABLE 4. Rate of Implantations in the Right Horn* of Rats Instilled with 40 mg. of Quinacrine,
followed for 130 days
- 1st month 2nd month 3rd month More than 3 months
Right Left Right Left Right | eft Right Left

horn horn horn horn horn horn horn horn
0 1 0 2 0 3 0 7
0 4 0 5 0 0 0 4
0 3 0 7 0 0 5 5
0 10 0 2 0 0 0 4
0 3 0 5 0 4 0 3
0 0 0 5 0 4 0 2
0 4 5 3 2 5 0 2
0 3 0 4 0 6 0 3
0 3 4 4 0 4 0 1
0 6 0 5 0 7 0 5
0 6 0 3 0 4
0 5 0 2
0 4 0 4
0 4 0 6
0 0 0 2
0 4 0 4
0 4
0 4

Average 0 3.7 0.5 3.9 0.2 3.3 0.4 3.6

* Left uterine horn as control.
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Fic. |. Sections of rat uteri ingtilled with 20 mg. of quinacrine. A, 24 hr. after instillation (x 100): B, 2nd
week after ingtillation (x 70); C, 2nd month after instillation (x70); D, 4th month after instillation (x 70).
Note spontaneous recovery of the lumen.
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Fic. 2. Effect of hormonal treatment after 20 mg. of quinacrine administration (x100). A, estrogen 2nd
week (Experiment C, Group 1); B, estrogen 2nd month (Experiment C. Group 2); C, progesterone 2nd week
(Experiment C, Group 3); D, progesterone 2nd month (Experiment C, Group 4).

month after quinacrine instillation (Table
2, Groups 3 and 4), recovery from the char-
acteristic histologic alterations occurred
in, practically all instances (Fig. 2).

DISCUSSION

In these experiments, we have been able
to show that when quinacrine is instilled
into the uterine horn of the rat a prolifera-
tive reaction is induced in the endome-
trium, and a complete obstruction of the
lumen often occurs. This pharmacologic
effect of quinacrine identifies it among
the group of drugs capable of producing a
decrease in fertility due to obstruction of
the uterine lumen. Since quinacrine in
guantities of 100-200 mg./ml. is a suspen-
sion, the role of particulate matter in pro-
ducing the tissue reaction needed to be
assessed. In order to study this phenome-
non we prepared a suspension of talc in
distilled water and instilled 0.2 ml. (200
mg. of talc/ml.) into the rat uterus. Seven

rats were included in this experiment. The
animals were mated during the 1st month
postingtillation. In each instance there was
a norma number of bilateral implantations.
Study of the uteri under light microscopy
revealed no morphologic changes. It is our
impression from this experiment that the
morphologic changes induced in the rat
uterus by a suspension of quinacrine can-
not be due primarily to mechanica factors
incident to the presence of particulate
matter. A complete report of the role of
particulate material in this phenomenon
will be presented in another publication,
The action of quinacrine can be pre
vented by an estrogen or a progestogeﬂi
when one or the other is injected within 2
short time after the quinacrine instillations |
The luminal patency is restored when thest
hormones are administered to chronicall?
obstructed uteri. Under similar condition®
we have been unable to obtain any effec!
on the implantation rate of rats when W¢
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gsed another antimalarial drug, chloro-
gine.” It is possible, therefore, that the
Obstructive effect of quinacrine may be
independent of its antimalarial action.

The effect of quinacrine at the cellular
level May be due in part to its interfer-
ence with nucleic acid metabolism and the
f,mation of well-defined metachromatic
complexes with deoxyribonucleic acid
and ribonucleic acid. * Acridine deriva-
tives induce frame-shift mutants and
have been used to demonstrate the triplet
nature Of the genetic code. The mecha-
nisms of action of this class of chemicals
on the endometrial cell in the rat and on
the tubal epithg¢lium in humans could be
due to molecular binding at the nuclear
level in this specific type of cell. Reversal
of these effects by estradiol and by pro-
gesterone may be attributed to the high
competitive affinity of the cells of the
target organ for these hormones. The rela-
tively slow capacity of the endometrial
cells to recover spontaneously could be
due in part to the low level of the endoge-
nous ovarian hormones found normally in
the systemic circulation.

When quinacrine has produced obstruc-
tion of the uterine lumen, microcrystals
and amorphous particles of this substance
have been observed within the mass of for-
eign body giant cells for as long as 90 days
after the last intrauterine instillation. It
is logical, therefore, to assume that the
prolonged effect of quinacrine may be due
in part to the persistence or sequestra-
tion of the microcrystals within the pro-
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liferative tissue.
SUMMARY

Intrauterine instillation of a suspension
of quinacrine in the rat has been shown to
induce a giant cell foreign body reaction
in the endometrium and a consequent ob-
gtruction of the lumen. There is a long last-
ing decrease in fertility subsequent to this
obstruction.

This effect can be inhibited or reversed
by either estradiol benzoate or progester-
one.
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