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ABSTRACT

Non-surgical female sterilization through the transcervical insertion of quinacrine pellets was considered a
definitive, low-cost, safe and effective contraceptive method. The zinc, present in both uterus and Fallopian
tubes, inhibit the quinacrine efficiency. The addition of copper increases the efficacy of quinacrine, reducing the
risk of pregnancy due to the failure to obstruct the Fallopian tubes. The copper neutralized the deleterious effect
of the zinc and so the treatment efficacy is increased. In order to obtain a mapping to study the zinc content in
the female reproductive system, samples of both uterus and Fallopian tubes were analyzed by instrumental
neutron activation. The results show that, on average, the obtained zinc concentrations in tubes (89 gg-1) is
lower than in the uterus (118 gg-1), confirming results obtained by other authors. These results will support a
research project about non-surgical female sterilization of the “Faculdade de Medicina da Universidade Federal
de Minas Gerais” (Medical School of Federal University of Minas Gerais). The used methodology and obtained
results are here reported.

1. INTRODUCTION

Quinacrine, an acridine derivative that was in widespread use as an antimalarial, has been
shown to have both sclerosant and anticarcinogenic actions. The sclerosant action of
quinacrine has been used to produce occlusion of fallopian tube in both experimental animals
and women. Both actions of quinacrine are potentiated by steroidal and non-steroidal
antiprostaglandins as well as by ionic copper. Combinations of quinacrine with
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antiprostaglandin drugs, and also with copper, improved the efficacy of quinacrine when used
for female sterilization and reduced side effects [1].

In 1969 Zipper [2] published an article that started the age of medicated intrauterine
contraceptives [3] and the extensive research on the physiology of this metallic oligoelement.
Among all the studied metals, copper is the least toxic and the most effective. In the
intrauterine medium, copper is released as oxide in the order of micrograms per day [4],
where it has strong antiespermatic activity, hindering the endometrium from implantation.
Today, IUD (Intrauterine Device) made of copper is used by millions of women. Its half-life
of use is approximately 6 years and it may remain for more than ten years after its
application. The use of copper inside women uterus is safe and has been evaluated for 4
decades [5].

The female sterilization with quinacrine presents lower cost, lower risk while compared to
surgical procedure according to Ferreira, 2003 [6] and Magalhães, 2007 [7]. In 1973, the
instillation of quinacrine in different concentrations, from 10 mgmL-1 to 40 mgmL-1, was
studied in rat uterus. Implantation was impaired in the treated uterus. When the concentration
of quinacrine was increased to 50 mgmL-1 or more, an obstructive granuloma in the uterine
cavity was produced [8]. This granuloma could also be obtained at the tubal-uterine ostium
level in women, when quinacrine pellets of 250 mg were inserted in the uterine cavity, using
an IUD inserter adapted to this (see Fig. 1). This research developed a non-surgical
sterilization technique that was performed in large numbers in some countries [9]. Research
to study the anticarcinogenic effect of quinacrine has begun. Copper and zinc are basically
enzymatic cofactors in the genital tract. Their concentrations in the endosalpinx and
endometrium of women have been studied by Patek and Hagenfeldt [10]. Quinacrine binds to
DNA mainly in tissues with low concentration of zinc [11], as in the case of the endosalpinx
in women, where it produces an obstructive granuloma.

In order to obtain a mapping to study the zinc concentration in the female reproductive
system, samples of both uterus and Fallopian tubes were analyzed by Instrumental Neutron
Activation analysis (AANI), [12,13] using the TRIGA MARK I IPR-R1, a research nuclear
reactor, located at CDTN/CNEN, Centro de Desenvolvimento da Tecnologia
Nuclear/Comissão Nacional de Energia Nuclear, Belo Horizonte. The obtained results are
here reported.

Figure 1. Intrauterine device inserter with quinacrine
 pellets used in female non-surgical sterilization
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2. METHODOLOGY

2.1  Sample Preparing

For the determination of the zinc distribution of concentration in the female reproductive
apparatus, samples were taken from the endometrium and from the proximal, medial and
distal portions of uterine tubes, during several surgeries carried out at “Hospital das Clínicas
da Faculdade de Medicina da UFMG” and at “Maternidade Santa Fé”, in Belo Horizonte,
MG.

These samples were placed in bottles of ultrapure crystal for further drying in oven at 60 oC
for 24 hours, and sent to CDTN/CNEN for determination of the endogenous zinc
concentration by Instrumental Neutron Activation analysis (AANI), using the k0
monostandard method. One of the advantages of this method, is that the sample is analyzed
without any previous chemical procedure [12,13].

2.2 Determination of Zinc

The samples were weighed and packed in polyethylene tube suitable for irradiation and
irradiated for 8 hours in the rotary rack of the research reactor TRIGA MARK I IPR - R1,
accompanied by standard comparators of Na. At power of 100 kW, the average of thermal
neutrons flux is 6.6 1011 ncm-2s-1.

After irradiation and decay time of two weeks for the decay of the shorter half-lives
radionuclides, the gamma spectrometry was performed on a system consisted of a hiper pure
Ge detector, electronics and associated program for acquiring spectra. The concentrations
were obtained by a calculating spreadsheet using the fundamental equation of the k0-method.
The quality control of the method was accompanied by analysis of certified reference
samples.

The elemental concentration obtained by using the technique of neutron activation applying
the k0-method, is currently performed in several laboratories, presenting accuracy and
precision [12-14].

The k0 parametric neutron activation analysis is an instrumental and an absolute technique,
where the uncertain nuclear data were replaced by compound nuclear constants – the k0
factors. The Högdahl convention was used, where the concentration of the element in the
sample is calculated by means:
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Considering the subscript a, sample, and p standard, in Eq. (1): m is the mass of the studying
element; Cn is the number of counts in the full-energy peak, corrected for pulse losses (dead
time, random and true coincidence);  is the full-energy peak detection efficiency, including
correction for gamma-attenuation; F is [f + Q0()], where f is the thermal to epithermal
neutrons flux ratio, and Q0() is the ratio between the resonance integral I0 ( ) and the cross-
section for thermal neutrons 0 , and   is the parameter describing the real epithermal
neutron flux distribution; S is the saturation factor, function of irradiation time; C is the decay
factor during the counting; D is the decay factor between irradiation and counting; and H is
the dead time during the counting. In Eq. (2), k0 is defined by: M, the molar mass;  , the
isotopic abundance; Py , the gamma - emission probability; and 0 , cross - section for
thermal neutrons.

3. RESULTS AND DISCUSSION

Table 1 presents the results of zinc in samples of uterus and Table 2, zinc in samples of tube.
Averaging the results of zinc concentration in the samples from tubes, a value of (89 ± 6)
µgg-1 was obtained, and for the samples of uterus, the value of zinc is (118 ± 7) µgg-1.

Figure 1 illustrates the female reproductive system, showing where the zinc concentrates
more - in the uterus - and less - in tubes. The figure was based on the calculated average
values. The results confirming results obtained by other authors [10].

Table 1 - Zinc concentrations in samples of uterus by instrumental neutron activation

Sample Description Zinc
µgg-1]

1 Uterus 100

2 Uterus 140

3 Uterus Fragment 120

4 Uterus Fragment 94

5 Pregnant Uterus 94

6 Pregnant Uterus 160

Average 118 ± 7



INAC 2009, Rio de Janeiro, RJ, Brazil.

Table 2 - Zinc concentration in samples of tubes by instrumental neutron activation

Sample Description Zinc
µgg-1]

1 Tube 110

2 Tube 76

3 Right Proximal Tube 170

4 Distal Right Tube 61

5 Proximal Left Tube 66

6 Distal Left Tube 52

7 Right Proximal Tube 97

8 Distal Left Tube 49

9 Proximal tube 86

10 Medial Tube 71

11 Distal Tube 83

12 Tube 51

13 Tube 180

Average 89 ± 6

Figure 2 - Distribution of zinc in the uterus and tubes
of the female reproductive system

Zinc
Lower concentration
Higher concentration



INAC 2009, Rio de Janeiro, RJ, Brazil.

4. CONCLUSION

It was possible to obtain samples from woman uterus and tubes and to determine their zinc
concentrations by instrumental neutron activation, thus resulting in a mapping of the
concentrations of this trace element in the female reproductive system. On average, the
obtained zinc concentrations in tubes (89 µgg-1) are lower than in the uterus (118 µgg-1),
confirming the results obtained by other authors. These results will support a research project
about non-surgical female sterilization of the “Faculdade de Medicina da Universidade
Federal de Minas Gerais” (Medical School of Federal University of Minas Gerais).
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