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Abstract. Quinacrine hydrochloride, mainly used as an anti-
malarial, has been used as a nontoxic chemosterilant in a
transvagina procedure in the human female. Clinical ex-
periments indicate that Quinacrinc acts as a powerful
obstructive agent exclusively on the epithelium of the intra-
mural portion of the tube without atcrating the histology of
the endometrium.

The precise mechanism of Quinacrint’s obstructive action
on the mucosa of the utcrotubal junction is unknown.

Its possible mode of action is binding to epitheliad DNA
thus forming aclot of granulomatous tissue, as Quinacrine
is known to form adhesions when used in the control of neo-
plastic effusions.

Zinc is known to inhibit Quinacrine-DNA binding. The
human endometrium, rich in Zinc is unaffected by Quina
crinc, whereas the tuba cornua, with little Zinc promote the
obstruction by Quinacrine DNA bondage.

The procedure is effective in 90 per cent of the cases with
two ingtillations of Quinacrine. Further studies are essentia
to find agents that would potcntiate the action of
Quinacrine on the human Fallopian tube epithelium.

In the search for a transvaginal technique of steriliza-
tion of women where a nontoxic watersoluble sub-
stance could be applied directly into the uterine cavi-
ty, Jaime Zipper in Santiago di Chile has made exten-
sive studies on the effect of various cytotoxic agents
(42). He wanted a compound which would have a
rather specific and selective effect upon the epithel-
ium of the intramural portion of the Fallopian tubes
and which would be relatively innocuous if it came in
contact with the peritoneum by escape from the
tubes, and to this effect he used a saturated solution
of Quinacrinc hydrochloride prepared in sterile
distilled water. Originally a 4 ml suspension contain-
ing 1 g of the drug was instilled through a biopsy can-
nula introduced to the top of the endometria cavity
(45). Later, triadls with more saturated solutions of
Quinacrine were undertaken and and he also studied
the effects of chelating agents and other compounds

|X-3

Quinacrine hydrochloride: Review and mode of action of an antimalarial, used as an occlusive agent for
transvaginal human sterilization.

Sweden

which would enhance the occlusive action of Quina
crinc (40, 44). The procedure proved effective in 65
per cent of cases but had to be repeated once in 35 per
cent in order to obstruct the tubes. A cumulative
obstructive effect took place, and in 90 per cent of the
cases no patency of the tubes existed after repeat in-
sufflation and hysterosalpingography.

Spontaneous reversibility occured infrequently,
and only during the first year of treatment. Experi-
ments in rats, however, (43) have shown that the hy-
perplastic reaction in the intramural portion of the
tubes can be reversed by the administration of either
an estrogen or a progesterone. Zipper suggests that it
may be possible to reverse the reaction in the human
aswell asin the rat by the systemic administration of
either estrogens or progesterons, or perhaps by a
combination of both. If tubal patency can be restored
clinically, then this procedure which was originally
developed as a technique for nonsurgical female
sterilization could become a reversible method of
contraception, easily performed by paramedica per-
sonnel with minimum danger to the patient.

MATERIAL AND METHODS

Pharmacology. Quinacrine hydrochloride (Quinacrine,
Atebrin/e/, Mepacrin/e/) is a bright yellow odourless
crystalline powder with a bitter taste. Mot wt = 508.9. The
compound is a derivate of acridine and has been used in the
treatment of malaria since 1930. It has aso been used as a
remedy for at least thirty different ailments and its tox-
icology has been studiedmost extensively (9, 12, 26, 27, 29,
33). The LDy, of Quinacrine hydrochloride for ratsis 900
mg per kilogram at parenteral (stomach tube) administra-
tion (36). The LDy for the intrapcritoned route for rats has
not been estimated, but the experiments of Kedler et al (21)
show that it is approximately 250 mg per kilogram. They
also described the development of entcromegaly and
stcatorrheain the rat following intrapcritoneal Quinacrine
hydrochloride.
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Fig. 1. Quinacrine chloride.

Morphological changes. The Falopian tubes from 4 of Zig
per's patients were removed one year after Quinacrine instil-
lation by salpingoectomy and the tubes were sectioned
serially and studied microscopically (45). The histologica
changes were most marked in the cornual portion of the
tubes and diminished repidly and progressively for a
distance of 23 mm. The remaining portions of the tubes
were found to be normal. Within the affected area the
lumen was obstructed by granulomatous fibrous tissue con-
sisting of lightly stained cells having regular norma nuclei.
No significant abnormalities were detected in the tubal
musculature and Zipper found little effect upon the endo-
metrium. So, the antifertility effect of Quinacrine hydro-
chloride is attributable to mechanical obstruction of the cor-
nual portions of the Fallopian tubes (20, 34, 45).

RESULTS

Effect on carcinomatosis. Since the beginning of the
sixties Quinacrine hydrochloride has been used for
the control of recurrent neoplastic effusions. The
response to this treatment has been favorable (6, 7, 8,
9, 15, 35, 38). By local ingtillation into serous cavities
Quinacrine produced an inflammatory reaction, re-
sulting in adhesions that partially or completely
obliterated the serous cavities. Quinacrine hydro-
chloride is cytotoxic to a variety of normal and tumor
cells grown in tissue culture but in vivo experiments
show that the effect is mainly the production of
scrogitis. The maintenance dosage varies, according
to the Council on Drugs (6), from 200 mgsto 1 g dai-
ly, depending on the location of the effusion (pleura
or peritoneum) and the continued tolerance of the pa-
tient.

Biochemical effect. Whitehouse and Bostrém (39)
have found that Quinacrine hydrochloride signifi-
cantly uncouples oxidative phosphorylation and
Hemker and Hilsmann (14) have confirmed Heller-
man’'s view (13) that Atebrin (Quinacrine) exhibits
the relatively unspecific activity of a nonspecific en-
zyme inhibitor, acting by binding generally with pro-
teins.
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Specific effect on DNA. It is well known that
Quinacrine hydrochloride forms a molecular complex
with DNA (22). The acridine ring of the molecule is
intercalated between the base pairs of double-helical
DNA (23-25), and the diphatic diamine side chain
apparently bridges complementary DNA strands
across the minor groove by ionic attraction to phos-
phate groups (1).

Consequences of the reaction of Quinacrine hydro-
chloride with DNA are i) inhibition of the enzymatic
hydrolysis of DNA (22) and ) inhibition of the
DNA-dependent DNA and RNA polymerase reac-
tions (1).

Biophysical studies on the nature of the Quina-
crinc-DNA complex (22-25), in addition to reports on
inhibitions of DNA-dependent enzymatic reactions
by the drug (1, 22) are consistent with the view that
the mechanism of biological action of the drug is the
specific reaction of Quinacrine hydrochloride with
native, double-stranded DNA. This is aso confirmed
by the experiments of Ciak & Hahn in Washington
(5) on the effects of Quinacrine on whole bacterial
cellsof E. coli. They found that the resulting mode of
action is an impairment of DNA replication and, &t a
cytocidal concentration, of RNA transcription.

[rvin & Irvin (16, 17, 18, 19) have found evidence
for a reversible interaction of Quinacrine with
nucleotides using spcctrophotometric studies. They
have also postulated, that the side chain of Quina
crine hydrochloride is not an absolute requisite for
the interaction of the compound with nuclcoproteins.

Investigations have been made by Mortland et al
(28) on the absorption spectra of various basic dyes
including the aminoacridines with nucleic acids. They
found a formation of a dye-acid complex joined by
more than simple electrostatic attractions., The com-
plex binding is stronger for those acridincs which
have been shown to have an &ffinity for cell nuclei in
vivo. The dyeis moretightly bound to DNA than to
RNA.

The affinity of Quinacrine for DNA has been used
by Caspersson and collaborators (3, 4) to identify
chromosomes. They found that Quinacrine mustard
effects selective, discrete, fluorescent labclling of
both plant and mammalian chromosomes. Chemical-
ly reactive loci may be differentiated along the linear
axis of chromosomes by the use of ultramicrofluoro-
metric techniques in combination with ultramicro-
spcctrophotometric determination of the pattern of
DNA distribution. Thus the Quinacrine-DNA com-
plex can be used for the labclling and identification of
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individual chromosomes.

Efforts have been made to assay Quinacrine in bio-
logical material (2, 37), mainly by spectrophoto-
fluorometric methods. However, no accurate method
exists to measure the content of DNA-Quinacrine in
individual cell nuclei (30, 31). Thus, the Quinacrine
DNA complex is till incompletely understood.

DISCUSSION

The effect of trace elements on the Quinacrine DNA
complex. Trace elements are known to act as co-
factors and cation antagonists in different enzyme
systems (46). Studies by Hagenfeldt et al. (10, 11)in-
dicate that the human endomctrium is rich in Zinc.
The Zinc content of the endometrium also shows a
cyclic bchaviour. This is in contrast to the endo-
salpingeal levels of Zinc which Patek & Hagenfeldt
(32) found to be considerably lower and totally lack-
ing cyclic changes.

The “binding” of Quinacrine to DNA in the intra-
mural epithelium of the tube is dependent on the
relaively rich content of Zinc in the endometrium and
its more sparse content in the tubal mucosa. The
relatively low concentrations of Zinc in the endo-
salpinx compared with that of the endometrium
might be due to different levels of Zinc metalloen-
zymes, e.g. carbonic anhydrase and akaline phos-
phatase. Further studies on these enzyme levels are
necessary to find agents that could potentiate the oc-
clusive action of Quinacrine hydrochloride on the in-
tramural portion of the human Fallopian tube.
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