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Resumo 

Os objetivos foram avaliar a reação acrossomal (RA) de espermatozóides 

recuperados depois de lavado uterino, medir o levonorgestrel (LNG) no soro e 

no lavado uterino e avaliar a expressão da glicodelina-A endometrial após a 

administração do LNG para anticoncepção de emergência (AE). MATERIAIS E 

MÉTODOS: Quarenta e oito experimentos foram realizados em 14 mulheres 

menstruando regularmente. Quatro grupos foram formados diferindo entre eles 

os intervalos coito–tratamento e tratamento–recuperação dos espermatozóides 

e obtenção da biópsia. RESULTADOS: A concentração dos espermatozóides 

recuperados a partir da cavidade uterina 24 ou 48 horas após o tratamento foi 

de 14,5 ± 3,9 x 106  e 17,3 ± 6,8 x 106 células/ml, respectivamente. Não houve 

diferenças entre a taxa de RA e a intensidade da expressão da glicodelina-A 

endometrial nos ciclos tratados com LNG ou placebo. Após 24 horas da 

administração do LNG o valor no fluido de lavagem da cavidade uterina 

representou 1,38% dos valores observados no soro. CONCLUSÕES: A RA ou a 

expressão da glicodelina-A endometrial não foram influenciadas pelo LNG após 

24 ou 48 horas da sua administração para AE. O LNG não prejudicou o muco 
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cervical uma vez que espermatozóides viáveis foram encontrados no trato 

genital feminino 36-60 horas após o coito e 24-48 horas após a ingestão do 

LNG. O mecanismo de ação do LNG para AE permanece enigmático. 

Palavras-chave: anticoncepçaão de emergência/ levonorgestrel/ espermatozóide 

humano/ reação acrossomal/ glicodelina-A. 
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Summary 

The objectives were to assess acrosomal reaction (AR) of spermatozoa 

following flushing the uterus, to measure levonorgestrel (LNG) in serum and in 

the flushing fluid of the uterus and the endometrial glycodelin-A expression after 

administration of LNG as emergency contraception (EC). MATERIALS AND 

METHODS: Forty-eight experiments were conducted on 14 regularly menstruating 

women. Four groups were formed based on different intercourse - treatment 

interval and treatment – recovery of spermatozoa and the biopsies.  RESULTS: 

Spermatozoa recovered from uterus 24 or 48 hours after treatment were 14.5 ± 

3.9 x 106 and 17.3 ± 6.8 x 106 cells/ml, respectively. There were no differences 

between the AR rate and the endometrial glycodelin-A staining intensity on LNG 

or placebo treated cycles. LNG at uterine flushing medium represents 1.38% of the 

values observed in serum at 24 hours after LNG intake. CONCLUSIONS: AR 

status or glycodelin-A were not influenced after 24 or 48 hours of administration 

of 1.5 mg of LNG as EC indicating no significant effect. LNG did not impair the 

cervical mucus either because viable spermatozoa were found in the genital 
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tract 36-60 hours after coitus and 24-48 hours after LNG intake. The mechanism 

of action of LNG as EC remains enigmatic. 

Key-words: emergency contraception/ levonorgestrel/ human spermatozoa/ 

acrosome reaction/ glycodelin-A. 
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1. Introdução 

O Levonorgestrel (LNG) é um progestágeno sintético (Blackmore et al., 

1990) usado como contraceptivo feminino. Durante as décadas de 70 e 80, 

muitos estudos foram conduzidos usando-se várias doses do componente para 

a investigação da eficácia e dos efeitos colaterais do LNG quando ele era 

administrado pós-coito (Kesserü et al., 1973; Canzler et al., 1984). 

O LNG é comercializado em vários países em pílulas para anticoncepção de 

emergência (AE) por mulheres que tiveram coito sem proteção anticoncepcional, 

ou que sofreram abuso sexual, ou por mulheres que possuem razões para acreditar 

em uma eventual falha do método anticoncepcional adotado. Um estudo 

desenvolvido pela organização mundial da saúde (OMS) avaliou a taxa de 

gravidez após o uso do regime de Yuzpe (com contraceptivos orais combinados) 

e o regime com LNG puro para AE, e mostrou que o segundo regime foi mais 

eficaz, evitando um maior número de gravidezes. Esse estudo, também 

mostrou que o regime de LNG foi mais eficaz quanto mais próximo do coito ele 

era administrado (Von Hertzen e Van Look, 1998). 

Introdução 14



 

O LNG é administrado oralmente na forma de dois comprimidos de 0,75 mg 

cada um, ingeridos em intervalos de 12 horas, e até as 72 horas seguintes ao 

coito não protegido (Tremblay et al., 2001). Também o LNG pode ser administrado 

em uma única dose de 1,5 mg, conforme recentes estudos demonstraram que 

este regime pode ser seguramente simplificado sem nenhuma diferença na 

eficácia ou aumento nos efeitos colaterais (WHO, 1998; Von Hertzen, et al., 

2002; Cheng et al., 2004; Devoto et al., 2005; Gainer et al., 2006). Um estudo 

que avaliou a farmacocinética do LNG para AE mostrou que os níveis 

plasmáticos do progestágeno permaneceram constantes após 12 e 24 horas da 

administração das pílulas (Tremblay et al., 2001). 

Embora o LNG seja amplamente utilizado como AE, o seu exato 

mecanismo de ação é ainda pouco compreendido e tem sido alvo de extensas 

discussões (WHO, 1998; Croxatto et al., 2003; Muller et al., 2003; Gemzell-

Danielsson e Marions, 2004). Provavelmente, como todos os contraceptivos 

hormonais, as pílulas de LNG para AE agem através de mecanismos múltiplos 

que dependem do tempo de sua administração e da fase do ciclo menstrual em 

que a mulher se encontra (Grimes et al., 2002). 

Os mecanismos de ação especulados se referem a alterações no surgimento 

do pico do hormônio luteinizante (LH) e na ovulação, no desenvolvimento folicular e 

do corpo lúteo, no espessamento do muco cervical o qual poderia interferir na 

penetração espermática e transporte, e também na interferência com os 

eventos da fertilização (Swahn et al., 1996; Durand et al., 2001; Hapangama et 

al., 2001; Croxatto et al., 2001; Marions et al., 2002). 
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Possíveis hipóteses que explicariam especificamente o efeito contraceptivo 

do LNG seriam o efeito local desse progestágeno (Nilsson et al., 1978a) sobre o 

endométrio, o muco cervical, a penetração dos espermatozóides no muco cervical e 

a motilidade da tuba uterina (Nilsson e Luukkainen, 1977). Isso, porque a 

supressão da ovulação é um efeito observado em apenas 50% dos casos 

(Nilsson et al., 1980c). 

Entre os possíveis alvos da AE hormonal as alterações histológicas e 

bioquímicas no endométrio são fatores de grande interesse para estudo uma vez 

que podem interferir com a implantação do embrião. Entretanto, os resultados 

disponíveis falharam em mostrar algum impacto biológico consistente sobre os 

marcadores de receptividade uterina (Landgren et al., 1989; Durand et al., 2001; 

Ugocasi et al., 2002). 

Foi especulada a hipótese de que o LNG pudesse interferir com a 

histologia e morfologia do endométrio, diminuindo desta forma a receptividade 

para a implantação embrionária (Kesserü et al., 1974; Yuzpe et al., 1974; Ling 

et al., 1979; Ling et al., 1983; Kubbar et al., 1986; Young et al., 1994), mas os 

resultados de um estudo (Durand et al., 2001) não apoiaram essa idéia de que 

o LNG usado em AE causaria um efeito contraceptivo anti-implantacional, pois 

não foram observadas alterações histológicas no endométrio após a administração 

da medicação por um curto tempo. 

Outro possível efeito do LNG na AE seria o de alterar a expressão de 

algumas proteínas no endométrio. Uma dessas proteínas é a glicodelina-A, cuja 
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expressão é regulada pelos níveis de progesterona (Seppala et al., 2002). 

Glicodelina é uma glicoproteina de 28 KDa contendo 180 aminoácidos (Julkunen 

et al., 1988) e sintetizada a partir de um único gene localizado no cromossomo 

9 (região cromossômica 9q34) (Van Cong et al., 1991). A Glicodelina-A é uma 

de três isoformas existentes (Dell et al., 1995) e é localizada no epitélio 

superficial e glandular do endométrio (Julkunen et al., 1986a). Consiste no 

principal produto das células epiteliais do endométrio na fase secretória e fica 

bastante diminuída na fase folicular do ciclo menstrual (Richlin et al., 2002). 

Durante a fase peri-ovulatória normal a glicodelina-A não está presente no 

endométrio, e tem sua expressão máxima apenas durante as duas últimas 

semanas da fase lútea (Julkunen, et al., 1986; Brown et al., 2000).  Entre os 

dias 4-5 pós-ovulação a secreção de glicodelina está associada com um 

aumento na secreção de progesterona ovariana. O nível máximo de glicodelina 

é observado no dia 12 pós-ovulatório (Julkunen et al., 1986a). 

A Glicodelina é secretada dentro da cavidade uterina e é considerada, entre 

outras proteínas, como uma facilitadora da implantação embrionária (Clark et al., 

1996). As variações na expressão da glicodelina durante os ciclos ovulatórios 

são decorrentes da produção de progesterona (Julkunen et al., 1986b). 

A ausência da glicodelina no período próximo da ovulação (janela fértil 

estrógeno-dominante) é importante para o sucesso da concepção (Clark et al., 

1996). Fisiologicamente, a glicodelina está relacionada a alguns processos 

biológicos, pois inibe, de maneira dose-dependente, a ligação do espermatozóide 

humano na zona pelúcida do oócito (Oehninger et al., 1995). 
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E além da propriedade contraceptiva da glicodelina há também a hipótese 

de que a glicodelina possua atividade imunossupressora e bloqueie a atividade das 

células natural killer (NK) (Okamoto et al., 1991). No momento da implantação 

embrionária os níveis de glicodelina são elevados (Julkunen et al., 1985) e isso 

pode proteger o embrião da destruição por parte das células NK (Li et al., 1993). 

A síntese da glicodelina-A pode ser induzida durante a janela fértil 

através da administração de progestágenos (Seppala, 2004). Neste período de 

janela fértil normal, a expressão da glicodelina-A no endométrio não está presente, 

e uma expressão inadequada da mesma foi observada em mulheres usuárias 

do SIU-LNG (sistema intra-uterino liberador de levonorgestrel) e de implantes 

subdérmicos liberadores de LNG em decorrência da entrega constante de LNG 

no organismo dessas mulheres (Mandelin et al., 1997; 2001). Esta informação é de 

grande relevância porque uma vez que a glicodelina-A é uma potente inibidora da 

ligação entre espermatozóide e zona-pelúcida (Oehninger et al.,1995) e a sua 

expressão continuada em função do LNG pode propiciar um efeito contraceptivo. 

Em acréscimo aos estudos dos possíveis mecanismos de ação do LNG 

em AE, o nosso grupo trabalhou com a hipótese de que o LNG pudesse 

interferir com a capacidade fertilizante dos espermatozóides (Bahamondes et 

al., 2003; Brito et al., 2005; Munuce et al., 2006) através de um efeito direto 

sobre as funções espermáticas. Esta especulação foi decorrente: i) do conhecimento 

de que a progesterona natural possui efeito direto sobre os espermatozóides; ii) 

de um estudo prévio (Bahamondes et al., 2003) ter nos mostrado que altas 

concentrações de LNG foram capazes de desencadear reação acrossomal (RA) 
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em espermatozóides capacitados in vitro após 30 minutos de exposição ao 

progestágeno; e iii) não haver relatos na literatura sobre a quantificação da 

concentração de LNG especificamente no fluido da cavidade uterina  após a 

administração de pílulas de LNG para AE. 

A progesterona natural tem sido relatada como promotora de alterações nas 

funções espermáticas relacionadas com a fertilização, como os fenômenos de 

capacitação, ativação espermática, RA, ligação do espermatozóide na zona pelúcida 

e penetração no oócito (Osman et al., 1989; Blackmore et al., 1990; Sueldo et 

al., 1993; Oehninger et al., 1994; Bray et al., 1999; Baldi et al., 1998; 2000). 

A progesterona é capaz de desencadear o estímulo fisiológico da RA em 

uma pequena população de espermatozóides que possuem o receptor de 

membrana específico (Meizel E Turner, 1996; Cheng et al., 1998; Luconi et al., 

1998; Sirivadyapong et al., 1999; Flesch e Gadella, 2000) e especificamente 

tem sido apontada como indutora da RA através do aumento na concentração 

do cálcio intracelular nos espermatozóides (Osman et al., 1989; Blackmore et 

al., 1990; Baldi et al., 1991; Foresta et al., 1993; Melendrez et al., 1994). 

Apenas entre 10% e 30% dos espermatozóides apresentaram receptores 

para a progesterona (Tesarik et al. 1992), e há hipóteses de que talvez seja 

essa a sub-população de espermatozóides capaz de sofrer a capacitação e 

posteriormente fertilizar. 

Aqueles espermatozóides que completaram a RA precocemente tornam-

se incapazes de penetrar a zona pelúcida do oócito pelo fato de eles já terem 
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perdido seus conteúdos acrossomais enzimáticos (Blackmore et al., 1990; Flesch 

e Gadella, 2000). Por isso vale observar que a possibilidade de se manipular o 

fenômeno da RA seria uma vantagem potencial, uma vez que tal reação é uma 

etapa necessária para o processo de fertilização (Roblero et al., 1988). 

Contudo, poucos estudos abordaram a questão do LNG agir sobre o 

espermatozóide como uma possibilidade do mecanismo de ação contraceptivo 

do LNG quando administrado como AE (Kesseru et al., 1974; Nikkanen et al., 

2000; Bahamondes et al., 2003; Yeung et al., 2002). 

Um estudo (Nikkanen et al., 2000) mostrou que a aplicação local do 

LNG na cauda do epidídimo de ratos prejudicou o potencial fertilizante dos 

espermatozóides in vivo, sugerindo que a droga afetou diretamente a 

mobilidade dos espermatozóides. 

Em contraposição, nosso grupo (Brito et al., 2005) apresentou dados de que 

a exposição de espermatozóides capacitados in vitro a baixas concentrações de 

LNG e similares aos níveis séricos da droga após a administração oral para AE 

(Johansson et al., 2002) não apresentou indução da RA, enquanto que altas 

concentrações de LNG compatíveis com aquelas observadas em usuárias de 

SIU-LNG foram capazes de induzir a RA (Bahamondes et al., 2003). 

Imediatamente após a ejaculação, os espermatozóides dos mamíferos 

são incapazes de fertilizar o oócito e esta capacidade é adquirida como 

conseqüência de uma série de alterações fisiológicas e funcionais denominadas 
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de capacitação. A capacitação espermática ocorre durante a permanência e 

migração do espermatozóide no trato genital feminino (Yanagimachi, 1988). 

A migração espermática consiste em duas fases: na primeira, alguns 

espermatozóides ajudados pelas contrações do trato genital, chegam até o 

útero, tubas de Falópio e cavidade peritoneal. Na segunda fase, de duração  de 

alguns dias, aqueles espermatozóides que permaneceram estocados nas 

criptas cervicais migram em sucessivos grupos para a tuba de Falópio. Apenas 

os espermatozóides estocados nas criptas cervicais são capazes de fertilizar o 

oócito após a própria capacitação (Croxatto, 1996; 2003). 

A duração da capacidade fertilizante do espermatozóide humano após 

seu depósito na fêmea é desconhecida, e sob o aspecto fisiológico e funcional 

muito pouco foi estudado em relação a este período de vida no qual o 

espermatozóide humano permanece dentro do trato reprodutivo feminino 

(Gould et al., 1984). 

Estimativas prévias da vida fértil máxima (24 – 48 horas) e da motilidade 

(de 2 a 7 dias) do espermatozóide humano (Perloff e Steinberger, 1964; Gould 

et al., 1984) foram baseadas na recuperação desses gametas móveis a partir 

do muco cervical, do útero, dos oviductos e do fluido peritoneal (Gould et 

al.,1984; Bielfeld et al., 1992; Zinaman et al., 1989; Williams et al., 1993). 

Em humanos, em que a receptividade sexual feminina é contínua e os 

tempos de duração da ovulação podem ser variáveis, estimativas confiáveis da 

durabilidade da fertilidade dos espermatozóides não são disponíveis decorrentes 
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de problemas logísticos e éticos para o trabalho com seres humanos, e também 

das dificuldades técnicas associadas com a recuperação do conteúdo uterino 

humano (Williams et al. 1993). 

Estudos prévios recuperaram espermatozóides humanos durante 

procedimentos de histerectomia (Moyer, 1970), de esterilização tubárea cirúrgica 

(Alvarez-Sanchez et al., 1978)  ou através de uma lavagem da cavidade uterina 

após inseminação artificial (Mortimer, 1982; Williams, 1993), e a quantidade dos 

espermatozóides recuperados nestes casos foi bastante variável, além do fato 

de que poucos trabalhos fizeram a avaliação das funções espermáticas (por 

exemplo, da capacitação e o status da RA) nestes espermatozóides retirados 

de dentro do trato reprodutivo feminino (Gould, 1984; Zinaman, 1989) em 

conseqüência das dificuldades técnicas e das restrições éticas. 

Os métodos naturais de contracepção para planejamento familiar se 

baseiam em certas suposições em torno da ovulação e também de uma 

estimativa da longevidade do oócito e do espermatozóide. Geralmente acredita-

se que os espermatozóides humanos sejam capazes de fecundar o oócito por 

um período de 48 – 72 horas (Gould et al., 1984). 

Em mulheres foi demonstrado que os dias férteis do ciclo menstrual 

constituem o dia do pico de LH e também os 5 dias precedentes da ovulação 

(Wilcox et al., 1995). Conseqüentemente, os espermatozóides depositados na 

vagina de mulheres que receberem o LNG para AE poderão ser expostos a 
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concentrações desconhecidas do progestágeno e assim interferir com a 

capacidade fertilizante deles. 

O mecanismo de ação do LNG como AE é ainda pouco compreendido e 

a maioria dos estudos têm focado o efeito sobre os espermatozóides e a maiora 

dos estudos são in vitro.  Por isso, entendemos que era necessário o estudo do 

efeito do LNG, como AE, sobre os espermatozóides in vivo através de um 

procedimento de lavagem da cavidade uterina após coito e após administração 

de LNG para AE. Também, avaliar a RA, a concentração de LNG no útero após 

sua administração oral e também analisar a expressão do padrão de 

glicodelina-A após AE com LNG. 
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2. Objetivos 

2.1. Objetivo geral 

Avaliar o efeito do LNG como AE sobre espermatozóides recuperados in 

vivo do útero humano através de um procedimento de lavagem da cavidade 

uterina após coito, sobre o muco cervical e sobre a glicodelina-A endometrial. 

2.2. Objetivos específicos 

 Avaliar a taxa de RA in vivo nos espermatozóides recuperados da 

cavidade uterina e do muco cervical após a administração de LNG para 

AE ou placebo a diferentes tempos entre o coito e a toma do LNG e 

entre a administração do LNG e o lavado. 

 Medir a concentração de LNG no soro e no fluido do lavado uterino 

após 24 – 48 horas da administração oral de 1,5 mg de LNG  para AE. 

 Analisar a expressão do padrão de glicodelina-A no endométrio humano 

após diferentes tempos da administração de 1,5 mg de  LNG para AE. 
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BACKGROUND: The objectives were to assess acrosomal reaction (AR) of 

spermatozoa following flushing the uterus, to measure levonorgestrel (LNG) in serum 

and in the flushing fluid of the uterus and the endometrial glycodelin-A expression after 

administration of LNG as emergency contraception (EC). 

MATERIALS AND METHODS: Forty-eight experiments were conducted on 14 

regularly menstruating women. Four groups were formed based on different intercourse 

- treatment interval and treatment – recovery of spermatozoa and the biopsies.  

RESULTS: Spermatozoa recovered from uterus 24 or 48 hours after treatment were 

14.5 ± 3.9 x 10
6 

and 17.3 ± 6.8 x 10
6 

cells/ml, respectively. There were no differences 

between the AR rate and the endometrial glycodelin-A staining intensity on LNG or 

placebo treated cycles. LNG at uterine flushing medium represents 1.38% of the values 

observed in serum at 24 hours after LNG intake.    

CONCLUSIONS: AR status or glycodelin-A were not influenced after 24 or 48 hours 

of administration of 1.5 mg of LNG as EC indicating no significant effect. LNG did not 

impair the cervical mucus either because viable spermatozoa were found in the genital 

tract 36-60 hours after coitus and 24-48 hours after LNG intake. The mechanism of 

action of LNG as EC remains enigmatic.  

Key-words: emergency contraception/ levonorgestrel/ human spermatozoa/ acrosome 

reaction/ glycodelin-A 
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Levonorgestrel (LNG) is widely used as an emergency contraceptive (EC). It is 

usually administered in two oral doses of 0.75 mg, given 12 hours apart, or in a single 

dose of 1.5 mg (WHO, 1998; von Hertzen, et al., 2002; Devoto et al., 2005; Cheng et 

al., 2004; Gainer et al., 2006).  The mechanism of action of LNG as an EC is still poorly 

understood (WHO, 1998; Croxatto et al., 2003; Müller et al., 2003; Gemzell-Danielsson 

and Marions, 2004).The postulated mechanisms of action include an effect on the 

luteinizing hormone (LH) surge and ovulation, follicular or corpus luteum development, 

thickening of the cervical mucus affecting sperm penetration and transport, and 

interference with fertilization (Swahn et al., 1996; Durand et al., 2001; Hapangama et 

al., 2001; Croxatto et al., 2001; Marions et al., 2002).  

Another proposed mechanism is that LNG interferes with endometrial function 

or with endometrial protein expression. One of such protein is glycodelin-A, a secretory 

progesterone (P)-regulated glycoprotein (Seppala et al., 2002). Inappropriate expression 

of glycodelin-A by sustained delivery of LNG has been observed in women using LNG-

releasing intrauterine system (LNG-IUS) and subdermal contraceptive implants 

(Mandelin et al., 1997; 2001). Additionally, the administration of LNG for EC prior to 

the LH surge alters the luteal phase secretory pattern of glycodelin-A in serum and 

endometrium (Durand et al., 2005).   

Because it has been reported that the local application of LNG into the tail of the 

epididymis of rats impairs the in vivo fertilizing potential, suggesting that the drug has a 

direct effect on spermatozoa (Nikkanen et al., 2000), our group has been working on the 

hypothesis that LNG as EC could interferes with the fertilizing capacity of spermatozoa 

(Bahamondes et al., 2003; Brito et al., 2005; Munuce et al., 2005). However, there was 
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no association between in vitro exposures to LNG.  76 
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The duration of the fertilizing capacity of human spermatozoa in the woman is 

unknown (Gould et al., 1984). Previous studies based on the recovery of spermatozoa 

from the cervical mucus, uterus, oviducts, and peritoneal fluid reported a maximal fertile 

life of 24 to 48 hours, with a motile life from 48 h to 7 days (Perloff and Steinberger, 

1964; Gould et al., 1984; Zinaman et al., 1989; Bielfeld et al., 1992; Williams et al., 

1993). In humans, reliable estimates of the duration of spermatozoa fertility are not 

available due to the ethical and logistic constraints, and to the technical difficulties 

associated with retrieving the contents of the uterus (Williams et al. 1993). Spermatozoa 

deposited in the vagina during intercourse may remain in the endocervix for many hours 

or even days before ascending to the Fallopian tubes, and only these cells have the 

ability to fertilize (Croxatto, 1996). Consequently, spermatozoa deposited in the vagina 

of women who receive LNG for EC could be exposed to unknown concentrations of 

LNG for hours or days, and this may influence their fertilizing capacity.  

Since the mechanism of action of EC is still poorly understood, the objectives of 

this study were to assess the acrosomal reaction (AR) status of spermatozoa recovered in 

vivo following flushing of the human uterine cavity after sexual intercourse, to measure 

the LNG concentrations in serum and uterine flushings in respect of the endometrial 

glycodelin-A expression after the administration of LNG as EC, or placebo. 

 

Subjects and Methods 

The study was conducted at the Human Reproduction Unit, Department of 

Obstetrics and Gynaecology, School of Medicine, Universidade Estadual de Campinas 

(UNICAMP), Campinas, Brazil.  A total of 14 women aged 35.1 ± 3.2 years (mean ± 
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SEM) (range 30 to 41) and parity 2.6 ± 0.2 (mean ± SEM) were studied. The admission 

criteria included surgical sterilization, regular menstrual periods (25-35 day intervals), 

negative screening for Chlamydia and gonorrhea, no use of any hormone therapy, no 

breastfeeding or pregnancy in the 3 months preceding the study, and a partner with a 

normal semen analysis performed two weeks before the experiments, assessed according 

to the World Health Organization Manual (World Health Organization, 1999). All the 

couples gave their written informed consent and the study protocol was approved by the 

Institutional Review Board. 
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Study Design 

This was a double blind, placebo-controlled study designed to evaluate the effects of 

LNG as EC upon the AR of human spermatozoa and the expression of glycodelin-A in 

human endometrium at different times after LNG intake. The participants were randomly 

assigned to four groups (see below) and the difference between them in respect of the 

intercourse to treatment interval and the time-elapsed to spermatozoa recovery from the 

uterine cavity was addressed. All the groups were studied during two consecutives cycles, 

a control cycle (placebo administration) and the treatment cycle with 1.5 mg of LNG. Forty-

eight experiments were conducted, 12 in each group. For randomization, sealed 

envelopes were used and the pills were prepared in opaque vials by a person not 

involved in the study. The coded envelopes were kept outside of the institution. 

In group I the women took LNG or placebo 12 hours after coitus and the uterine 

flushing was performed 24 hours after the pill intake. Group II was given LNG or 

placebo 12 hours after coitus and the uterine flushing was performed 48 hours after the 
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pill administration. Group III received the LNG or placebo treatment 36 hours after coitus 

and the uterine flushing was performed 24 hours after the pill administration. Group IV 

received the treatment (LNG or placebo) 24 hours after artificial vaginal insemination 

and the uterine flushing was performed 24 hours after the pill administration.  
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Experiments 

In all women, follicular development was monitored daily by ultrasound using a 

5.0 MHz vaginal probe (Justavision 400, Toshiba, Toshigi-Ken, Japan), according to the 

characteristics of the cervical mucus as defined in the WHO Manual (World Health 

Organization, 1999) and by serum progesterone. The couples were asked to abstain from 

sexual intercourse during the 5 days preceding the experiment, a behavior confirmed by 

absence of spermatozoa in daily assessment of the cervical mucus. The volunteers were 

instructed to have sexual intercourse at the night of the day when the greatest follicular 

diameter showed positive correlation with cervical mucus i.e., spinnbarkheit > 10 cm 

and crystallization > 2+ (World Health Organization, 1999). In group IV, they were 

asked to have an artificial insemination in the next morning.  In the following morning, a 

cervical mucus sample was taken in order to carry out a post coital test and the 

experiment was performed only if the post coital test was adequate (World Health 

Organization, 1999).  
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At 12 or 36 hours after sexual intercourse LNG or placebo was administered at 

the clinic.  Uterine flushing was performed 24 or 48 hours after the pill intake. All the 

experiments were performed in the middle of the menstrual cycle before ovulation. To 

confirm this event a daily blood sample was collected and the serum was separated. 

Presence of the follicular phase of the cycle was confirmed by daily serum progesterone 
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levels below 3 ng/ml (Israel et al., 1972). The samples of serum were stored at -20°C 

until the measurement of LNG. 
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Uterine flushing was performed using the following technique. To minimize 

discomfort, one tablet of 5 mg of midazolam (Dormonid®, Roche, São Paulo, Brazil) 

was administered 20 min before the procedure. Next, the cervix was exposed using a 

speculum, and the cervical mucus was gently removed using a syringe and placed in a 

sterile tube with 3 ml of human tubal fluid medium (HTF; GIBCO, BRL, Life 

Technologies, Inc., Grand Island, NY, USA). The cervix was cleaned with saline solution and 

its diameter was estimated. A cervical adaptor (Wisap, Munich, Germany) of appropriate 

size was fixed to the cervix by vacuum. The uterus was then flushed by gently 

introducing 5 ml of HTF medium (GIBCO) and recovering it by aspiration with a 

syringe. The “dead space” in the cannula was estimated to be about 2.5 ml. This 

procedure was repeated 5 times using the same fluid, to ensure removal of a maximal 

number of spermatozoa. The pressure applied to the vacuum syringe and to the 

aspiration syringe of the cervix adapter used for flushing was moderate to prevent 

bleeding, which could have contaminated the material. 

Sonographic monitoring of uterine flushing was performed using a 3.5 Mhz 

abdominal probe (Justavision 400, Toshiba) to assure that the fluid had gone through the 

uterine cavity and that it had been totally removed. Whenever we observed that some 

amount of fluid had been retained in the uterus, a neonatal feeding tube # 6 (Embramed, 

São Paulo, Brazil) was gently inserted through the cervix to remove the fluid. The 

recovered fluid was placed in a sterile tube. The tubes containing the cervical mucus and 

fluid recovered after flushing were placed at 37ºC under CO2 for 1 h to stabilize the 

temperature of the HTF medium and to allow the migration of spermatozoa into the 
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medium (Gould et al., 1984; Zinaman et al., 1989). Following this procedure, two 

centrifugation cycles were performed using PBS (Dulbecco's, GIBCO, BRL, Life 

Technologies, Inc, Grand island, NY, USA) and the pellet was diluted in 1 ml of the 

PBS. Ten µl were placed into a Makler counting chamber (Sefi Medical Instruments, 

Haifa, Israel) to assess the sperm concentration. When the material was very thick 

because of the condition of the mucus, it was passed several times through a syringe 

with a fine needle to break the mucus filaments before centrifugation and no enzymatic 

treatment was used to solubilize the cervical mucus (World Health Organization, 1999).  
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Endometrial biopsy 

After the uterine flushing, endometrial specimens were obtained by biopsy 

(Pipelle de Cornier®, Prodimed, Neuilly-en-Thelle, France), trying to obtain a representative 

specimen from the uterine cavity. The specimens were fixed in 10% buffered neutral 

formalin, dehydrated, embedded in paraffin and cut into 4 µm blocks, deparaffinized, 

rehydrated, stained with hematoxylin and eosin (HE) according to standard protocols 

and submitted to histology evaluation and immunohistochemical analysis.   

 

Glycodelin-A immunohistochemical staining 

Paraffin-embedded tissue sections were deparaffinized and hydrated in graded 

ethanol. Then, processed as described, including microwave heat treatment (Kamarainen 

et al., 1996). Endometrial expression of glycodelin-A was evaluated in sections of 5 μm 

of endometrial tissue. Rabbit anti-glycodelin IgG was used as the first antibody, and 

biotinylated swine antirabbit IgG (Dako, Glostrup, Denmark) and normal rabbit serum 
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was used as the second and the control antibody, respectively. Another negative control 

was added using the first antibody, but immunoabsorbed with purified glycodelin-

A (16 μg/mL). Endogenous peroxidase activity was blocked by treatment with 0.6% 

perhydrol in methanol. The staining was carried out using EnVision®+ System-HRP 

(DakoCytomation, Carpinteria, CA, USA) and rabbit anti –glycodelin IgG (1.2 μg/ml, 

20 hours, + 4°). Preimmune IgG from the same rabbit was also used as a negative 

control. The tissue sections were counterstained with haematoxylin (blue). Staining 

intensity was recorded using a semiquantitative scale of 0, 1, 2 or 3 (none, weak, 

moderate or strong, respectively). 
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Assessment of spermatozoa AR  

After the sperm concentration had been evaluated, the fluorescent probe 

fluorescein isothiocyanate-labelled Pisum sativum lectin (FITC-PSA) was used to evaluate the 

AR status. Two slides were prepared from the sperm suspension, air-dried at room 

temperature and protected from light. After drying, they were immersed in cool absolute 

methanol for 30 seconds. After that, the slides were stained by immersing them in FITC-

PSA for 30 min at a concentration of 40 μg/ml in PBS and protected from light at room 

temperature. After incubation, the slides were washed in PBS and stored in the dark until 

evaluation for AR and vitality. Evaluation was done using a fluorescent microscope (Zeiss, 

Axioplan II, Jena, Germany) equipped with a specific filter for the FITC-PSA method 

(with 494-blue excitation, 520 emission, 510–514 barrier). Two hundred cells were evaluated 

in the fields chosen at random. The only spermatozoa that were considered acrosome-reacted 

were those with the following patterns: (a) patchy fluorescence of the acrosomal region 

(partially acrosome-reacted); (b) fluorescence of the equatorial band only (acrosome-reacted). 
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Levonorgestrel and progesterone assay 

The concentration of serum and uterine LNG was determined by using a 

validated method of high performance liquid chromatography coupled to a tandem mass 

spectrometry (LC-MS/MS). All procedures were carried out in compliance with Good 

Laboratory Practices approved by the Brazilian National Authority on Sanitary Surveillance. 

The standards of LNG used in the experiments were USP (Rockville, MD, USA). 

Biological specificity of the method was checked by processing independent plasma 

samples and blank samples obtained from women not using any kind of hormones and 

with the using of pure HTF medium.  

Briefly, the bioanalytical assay for quantification of LNG was developed using 

an online SPE method (Spark Holland model Symbiosis Generic, Emmen, Netherlands). 

The mass spectrometer (Sciex/Applied Biosystems, model API5000, Toronto, Canada) 

was equipped with a photoionization source (APPI) running in positive ion mode was set 

up in Multiple Reaction Monitoring (MRM) for the transition m/z 313.3→245.1 for 

LNG. Toluene was used as solvent at the flow rate of 0.15 ml/min. The lowest limit of 

quantification (LLOQ) of the method was 20 pg/ml and it was linear over the range 20 – 

5000 pg/ml. The run time was 5.5 min and the retention time of the LNG was 3.8 (± 0.3) min. 

The determination of progesterone was performed in duplicate using commercial 

kits of electrochemiluminescence immunoassay (ECLIA) (Roche Diagnostics GmbH, 

Mannheim, Germany) with a measurement range of 0.030 to 60.0 ng/ml and interassay 

variation of 2.4%. 

 



 

Publicação 36

Statistical analysis 241 
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The total number of spermatozoa recovered from the uterine cavity and from the 

cervical mucus was compared using ANOVA and Tukey-Kramer test for paired 

samples. The level of significance was established at p < 0.05. All values are shown as 

mean ± standard error of the mean (SEM).  

 

Results 

Spermatozoa recovery from uterine cavity 

A total of 86 cycles were initiated but 38 experiments were canceled because 

there was inadequate cervical mucus (11 cycles), an inadequate post coital test (12 

cycles), premature ovulation (9 cycles) or personal problems with the couple (6 cycles). 

Only 48 (56%) experiments were successfully completed. No adverse events were 

reported. The procedures were initiated when the greatest follicular diameter was 14.3 ± 

0.7; 13.1 ± 0.5; 14.0 ± 0.7, and 13.0 ± 0.7 mm for the experiments performed in groups 

I, II, III, and IV, respectively.   

The number of recovered spermatozoa was 14.5 ± 3.9 x 10
6 

cells/ml (range 0.2 x 

10
6
 to 104.9 x 10

6 
motile spermatozoa/ml) and 17.3 ± 6.8 x 10

6 
cells/ml (range 0.1 to 

66.4 x 10
6 

motile spermatozoa/ml) in the group in which uterine flushing was performed 

24 or 48 hours after the pill intake, respectively, without differences between the cycles 

treated with LNG or placebo. The characteristics of cervical mucus after the LNG or 

placebo administration were not changed significantly.  
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Acrosome reaction status 264 
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The AR status was evaluated in the spermatozoa separately in the samples 

recovered from the cervical mucus and the uterine cavity after uterine flushing. Table I 

shows the values in each treatment group. The AR percentage in cervical mucus ranged 

from 9.3% to 10.2% in those spermatozoa obtained in the placebo group and from 8.0% 

to 12.5% in the LNG treated groups. The AR percentage obtained from the spermatozoa 

in uterine flushing ranged from 6.2% to 12.7% and 7.8% to 13.0% in placebo- and LNG-

treated groups, respectively. There were no significant differences between the AR rates 

in LNG or placebo treated cycles at different times of LNG exposure after sexual 

intercourse, or after artificial insemination.  

 

Endometrial biopsies and glycodelin-A staining 

All the biopsies showed a proliferative pattern. Glandular and stromal elements 

were considered separately and given equal importance. Treatment with LNG did not 

change the secretory pattern of glycodelin-A. There were no differences between the 

glycodelin-A staining intensity on single dose of 1.5 mg of LNG or placebo treated 

cycles when the biopsies were taken at 24 or 48 hours after treatment. However, when 

the biopsies were obtained at 48h after pill intake, the results were affected by the small 

number of cases available for the analysis (Figure 1).  

 

Levonorgestrel concentrations 

The LNG concentration was measured only on the day of the experiment. The 

LNG concentration in the uterine flushing medium after 24 hours of LNG administration 

was 1.38% of the total value observed in serum (47.9 vs. 3,462.9 pg/ml). At 48 hours 
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after the LNG intake the hormone was no longer detected in uterine flushings (< 20 288 

pg/ml). In serum, the value at 48 hours after LNG intake was almost the 50% of those 

observed at 24 hours after the LNG intake (Table II). 
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Discussion 

Levonorgestrel is a progestin that has been widely used for EC although its 

mechanism of action is still unclear. In a randomised clinical trial comparing LNG with the 

Yuzpe regimen, LNG was shown to prevent significantly more pregnancies than the Yuzpe 

regimen and its effectiveness increased the closer the drug was administered to the time 

of coitus (WHO, 1998). Some studies have shown that LNG affects the preovulatory events 

(Swahn et al., 1996; Durand et al., 2001; Hapangama et al., 2001; Croxatto et al., 2001; 

Marions et al., 2002), and it was postulated that probably it affects also ovulation, 

thickening of the cervical mucus, sperm migration, penetration or transport, fertilization, 

and endometrial function (Swahn et al., 1996; Trussell J and Raymond,1999; Croxatto et 

al., 2001; Durand et al., 2001; Hapangama et al., 2001, Marions et al., 2002; Gemzell-

Danielsson and Marions, 2004). 

In order to contribute to the understanding of the mechanisms of action involved in the 

contraceptive effect of LNG as an EC our primary objective was to explore if the drug could 

modify the in vivo status of spermatozoa retained in the endocervix and in the uterine cavity 

after sexual intercourse or artificial insemination. The results showed that a single dose of 1.5 

mg of LNG given before the follicular rupture did not influence the AR status of 

spermatozoa after different time spans between coitus and the pill intake (12, 24 or 36 

hours). In addition, the AR rate was similar when it was evaluated at different times between 

LNG or placebo administration and the recovery of spermatozoa (24 or 48 hours).  
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Although the LNG concentration had reached 3463 ± 276 pg/ml and 48 ± 11 

pg/ml in serum and uterine flushing, respectively, after 24 hours of LNG intake, no 

change in the AR status was detected in the recovered spermatozoa. Also, the AR rate 

was similar to previous results with human spermatozoa recovered from the cervix at 72 

hours after coitus without any drug treatment (Bielfeld et al., 1992). The present results 

are in agreement with results from the previous in vitro experiments showing that LNG 

at 1 ng/ml is unable to induce AR (Brito et al., 2005; Munuce et al., 2005).   
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The speculation that LNG as EC could affect the cervical mucus and sperm 

penetration was based on a well documented effect of progestin and the main mechanism 

of action of progestin-only contraceptive pill (Moghissi et al., 1973). It was also based 

on a previous study by Kesseru et al. (1974) showing that, after a single dose of LNG 

intake as an EC, there is a decrease of spermatozoa recovered from the uterus. This has 

been observed at 3 hours after coitus and more significantly at 7 hours. Immobilization 

of spermatozoa due to alkalinization of the uterine fluid, and increased the viscosity of the 

cervical mucus after 9 hours of coitus may account for this change. Those mechanisms 

may have contributed to the lack of spermatozoa penetration.  

Our findings contradict those results because we observed that a single 1.5 mg 

dose of LNG did not impair the quality of cervical mucus and spermatozoa penetration. 

It was possible to recover an adequate number of viable and motile human spermatozoa 

both from the cervix and the uterine cavity at 36, 48 or 60 hours after coitus. Probably, 

the differences between our results and those of Kesseru and his coworkers, (1974) 

could result from different doses of LNG used, the times between coitus and evaluation, 

and the methodology of spermatozoa recovery used more than 30 years ago. Therefore, 
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the initial hypothesis that LNG could interfere with sperm function and penetration and 

could contribute to the mechanism of action in EC was not confirmed in our in vivo and 

in vitro studies (Brito et al., 2005; Munuce et al., 2005).  
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Additionally, LNG given before the follicular rupture did not influence the expression 

of glycodelin-A in endometrial biopsies taken at 24 or 48 hours after pill intake. The 

administration of LNG for EC prior to the LH surge does not appear to affect endometrial 

histology or chronological dating of endometrial maturation (Durand et al., 2001). 

A second study from the same group (Durand et al., 2005) evaluated only 

ovulatory women and observed an early rise in serum glycodelin-A concentration and its 

expression in the endometrium when the drug was administered before the LH peak. 

They observed that a maximum glycodelin-A endometrial expression was significantly 

lower when LNG was administered at the time of the LH peak compared to drug intake 

before the LH surge.   

We studied the pattern of glycodelin-A expression due to its antifertility activity 

and because the study from Durand et al. (2005) showed an effect when LNG was 

administered before the LH surge. However, our results did not show any effect. It may 

be significant that, in the study by Durand and her colleagues (2005), endometrial 

biopsies were taken under native conditions, whereas in this study, the biopsies were taken 

after endometrial flushing that obviously decreases the amount of secreted glycodelin in 

the uterine cavity. The effect of endometrial flushing on immunolocalization of 

glycodelin in endometrial tissue has not been determined. Another explanation for the 

difference is that, although LNG was administered before the follicular rupture, the drug 

could have been administered close to the LH peak. 

Finally, because the biopsies were taken 24 or 48 hours after LNG intake, the exposure 
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time could have been too short for any significant effect to be observed in the glycodelin 

synthesis. Nevertheless, for the purposes of the present study, the effects of prior endometrial 

flushing were not likely to cause any bias because comparison was made from the biopsies 

taken after flushing in the same way from women who had taken either LNG or placebo.  

359 

360 

361 

362 

363 

364 

365 

366 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

381 

382 

The previous results on glycodelin-A expression in the endometrium of users of 

an LNG-releasing intrauterine system (Mandelin et al., 1997) or LNG-releasing 

contraceptive implants (Mandelin et al., 2001) cannot be extrapolated to users of LNG 

as EC because the length of LNG exposure was different.  The lack of an association 

between AR and glycodelin-A expression in the endometrium was not surprising 

because, unlike glycodelin-F from follicular fluid, glycodelin-A does not interfere with 

AR (Yeung et al., 2006), and the spermatozoa recovered from uterine flushings are not 

likely to have been in contact with the inhibitory glycodelin isoform F. 

In conclusion, LNG administered as EC at a single dose of 1.5 mg after 24 or 48 

hours after sexual intercourse or artificial insemination did not influence the AR status 

or endometrial expression of glycodelin-A and probably they were not part of the 

mechanism of action of this kind of EC. Additionally, the administration of the drug has 

not effect on the quality of cervical mucus or in the penetration of spermatozoa to the 

uterine cavity. Therefore, the mechanism of action of LNG as an EC remains an enigma. 
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Figure 1. Glycodelin-A immunostaining intensities of glandular endometrial cells (in 

percentage) in LNG and placebo treated groups at different interval between treatment 

and biopsy: 0=no staining, 1=weak, 2=moderate, and 3=strong. 

 

Glycodelin-A staining intensity 

R
el

at
iv

e 
fr

eq
u

en
cy

 (
%

) 



 

Publicação 48

Table I. Acrosomal reaction status of spermatozoa recovered from uterine cavity and 

cervical mucus in the different groups. 

487 

488 

489  

Group Treatment 
Spermatozoa 

from 

AR             

(Mean ± SEM) 

Mucus 11.0 ± 2.1 
Placebo 

Flushing 10.3 ± 2.7 

Mucus 11.0 ± 0.9 
I 

Treatment 12 hours after 

coitus and uterine flushing 

performed 24 hours after pill 

administration. LNG 
Flushing 12.7 ± 2.6 

Mucus 10.2 ± 2.0 
Placebo 

Flushing 6.2 ± 1.5 

Mucus 10.0 ± 1.8 
II 

Treatment 12 hours after 

coitus and uterine flushing 

performed 48 hours after pill 

administration. LNG 
Flushing 13.0 ± 3.0 

Mucus 9.8 ± 3.1 
Placebo 

Flushing 7.0 ± 0.8 

Mucus 12.5 ± 2.5 
III 

Treatment 36 hours after 

coitus and uterine flushing 

performed 24 hours after pill 

administration. LNG 
Flushing 7.8 ± 1.1 

Mucus 9.3 ± 3.3 
Placebo 

Flushing 7.3 ± 2.3 

Mucus 8.0 ± 0.7 
IV 

Treatment 24 hours after 

artificial insemination and 

uterine flushing performed 

24 hours after pill 

administration. LNG 
Flushing 10.0 ± 1.5 
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Table II. Levonorgestrel concentrations in serum and uterine flushing at different time 

after 1.5 mg of LNG intake 
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Samples after 24 h of LNG 

administration 

Samples after 48 h of LNG 

administration 

 
Serum 

(n=18) 

Uterus flushing 

(n=8) 

Serum 

(n=6) 

Mean 3,462.9 pg/ml 47.9 pg/ml 1,458.8 pg/ml 

SEM 275.5 10.6 88.6 

Range (1790 - 5495) (9.4 – 112.1) (1123 - 1760) 



 

4. Conclusões 

 A administração oral de 1,5 mg de LNG para AE não alterou a taxa de RA dos 

espermatozóides humanos e não prejudicou a qualidade do muco cervical 

após 36-60 horas do coito e 24-48 horas após a ingestão do LNG. 

 A concentração do LNG no fluido de lavagem da cavidade uterina foi 

1,38% dos valores de LNG observados no soro após 24 horas da ingestão de 

1,5 mg de LNG para AE. 

 Não houve mudança no padrão de expressão de glicodelina-A no endométrio 

humano nos ciclos tratados com 1,5 mg de LNG para AE após 24 ou 48 

horas da administração do progestágeno. 
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