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Levonorgestrel in Emergency Contraception: Pharmacology, Mechanism of Action and Clinical Implications – A Review

Abstract
 	Contraception plays an important role in reproductive health by preventing unintended pregnancies and enabling effective family planning. Among the various hormonal contraceptives developed over the years, levonorgestrel (LNG) has emerged as one of the most widely used and effective agents. Levonorgestrel is a second-generation synthetic progestin derived from 19-nortestosterone and has been extensively used in oral contraceptive pills, emergency contraceptives, intrauterine systems, and implantable devices. The present review aims to summarize the historical development of contraceptive methods with special emphasis on the discovery, uses, mechanism of action, and possible adverse effects of levonorgestrel. Information for this review was collected from secondary sources including scientific journals, books, and electronic databases such as Google Scholar and PubMed. Available literature indicates that levonorgestrel primarily acts by inhibiting or delaying ovulation, suppressing the luteinizing hormone surge, increasing the viscosity of cervical mucus, and inducing changes in the endometrium that reduce the probability of fertilization and implantation. Although levonorgestrel is considered safe and highly effective, certain side effects such as menstrual irregularities, nausea, headache, and endometrial changes have been reported. Overall, levonorgestrel remains an important and reliable contraceptive agent with significant contributions to modern reproductive health care. Continued research is necessary to further understand its long-term effects and to improve contraceptive strategies for better safety and effectiveness.
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1. Introduction
Contraception plays a crucial role in reproductive health by enabling individuals and couples to prevent unintended pregnancies and plan the timing and spacing of childbirth. The development of safe and effective contraceptive methods has significantly contributed to improvements in maternal health, population control, and overall quality of life. Over the past few decades, hormonal contraceptives have emerged as one of the most reliable and widely used methods of birth control due to their high efficacy and convenience.
 	Among the various hormonal contraceptive agents available, levonorgestrel (LNG) has gained considerable attention for its effectiveness in both routine and emergency contraception. Levonorgestrel is a second-generation synthetic progestin derived from 19-nortestosterone and exhibits strong progestational activity. It is commonly used in oral contraceptive pills, emergency contraceptive pills, intrauterine systems, and subdermal implants. Because of its high contraceptive efficacy and favorable safety profile, levonorgestrel has become one of the most widely used hormonal contraceptives worldwide.
Emergency contraception, in particular, plays an essential role in preventing unintended pregnancy after unprotected sexual intercourse or contraceptive failure. Levonorgestrel-based emergency contraceptive pills are recommended for use within 72 hours of intercourse and have proven to be highly effective in reducing the risk of pregnancy. The contraceptive action of levonorgestrel primarily involves the inhibition or delay of ovulation, alteration of cervical mucus viscosity, and modification of endometrial receptivity, thereby reducing the probability of fertilization and implantation.
Despite its widespread use and effectiveness, levonorgestrel may also be associated with certain adverse effects such as menstrual irregularities, nausea, headache, and hormonal disturbances. Understanding its pharmacological properties, mechanism of action, and possible side effects is therefore essential for ensuring its safe and effective use.
The present review aims to summarize the historical development of contraceptive methods with particular emphasis on levonorgestrel, including its pharmacology, mechanism of action, clinical applications, and potential adverse effects. By compiling and analyzing available scientific literature, this review seeks to provide a comprehensive overview of the role of levonorgestrel in modern contraceptive practice.

2. History of contraceptive development

 	Contraception, also known as birth control or fertility control are the devices
or methods used to prevent unwanted pregnancy (Taliaferro et. al., 2011). Evidences
from 1500 BC revealed that different types of attempts like making violent body
movements were made to prevent pregnancy after sexual intercourse (Goldstuck,
2014). From time immemorial, females had to find and discover techniques of birth
control, by the practices of the ancient Egyptian to the anti-fertility measures of the
Chinese (Comparetto, 2014). A number of physical contraceptive methods were used
before 3000 years ago (Himes, 1970 and Sciarra, 1979). The Kahun papyrus from
1850 described some of the earliest birth control methods which include use of honey,
acacia leaves, acacia gum, and paste made from crocodile dung, lactation etc. (Lipsey
et. al., 2005). Seeds of different flora like red lotus, palm leaf, kadamba fruit, Salmoli flower etc. were also used in birth control therapies approximately 2000 years ago (Dutta,1977). Modern spermicides were developed with the experimentation of Leeuwenhoek in 1677 which revealed immobilization of dog spermatozoa by rainwater (Swets and Zeitlinger, 1941). In 1850 and 1853, Quatrefages described the toxic effects of certain heavy metals like copper and mercury upon male gametes. In the 15th century BC, douching and fumigation achieved popularity among the Egyptians as post coital contraceptive methods. To increase the effectiveness of these methods, numerous additives were added viz., garlic, pepper, cabbage blossoms, wine, soaps, fennel, rose petals etc.(Tatum, 1981).
Though different contraceptive methods have been using since long, due to
lack of reliability, these methods were gradually rejected and safe and effective
methods became available in the 20th century (Hanson et. al., 2010). According to
Haberlandt, (2009), the concept of hormonal contraception was first demonstrated by
Ludwig Haberlandt in 1921in a female rabbit by transplanting gonads from another
pregnant rabbit. Hormones used for contraception are the exogenous sex steroids or
the synthetic steroids which can mimic the role of endogenous hormones and can
block the receptors for the same. Thus, pharmacologists have been taking advantages
of these properties of the synthetic steroids for the development of drugs for
therapeutic use, such as controlling fertility, hormone dependent tumor growth etc.
Blockage in the development and maturation of ovarian follicles, prevention of
passage of ova in the oviduct, interference in fertilisation of ovulated oocytes,
inhibition of implantation, gestation and lactation are the main targets during fertility
control in females (Balser, 1964; Farnsworth, et. al., 1975; Chambers et. al., 1999).
In the 1890s, Merck manual introduced a drug named “Ovarin” for the
treatment of menopausal disorders. Ovarin was available either in the form of coarse
brownish powder flavored with vanilla or in tablet form and was derived from dried
and pulverized cow ovaries and recommended at a dose of 8 to 24 grains 3 times daily
(Seaman, 2003; Merk manual, 1899). Searle (Chicago, IL) in 1928 introduced an
estrogen patch for menopausal symptoms (Barrett, 2003) and ethinylestradiol,
patented by Schering in 1937 (Nelson, 1983; Seaman, 2005). Suppression of
ovulation by the exogenous steroids was proved by the 1930s (Goldzieher, 1982;
Perone, 1993). But either due to certain undesirable side effects or due to lack of
therapeutic effectiveness on continued therapy of the estrogens alone, the steroids
were not of practical value as antifertility agents in human being until 1954.
Therefore, the estrogen and progesterone in combined form were developed as oral
contraceptive pills by Rock et. al., in the late 50s (1956, 1957). And from then effort
was made to develop a hormonal contraceptive. The first hormonal contraceptive,
“Envoid” was developed in the year 1957. It was a combined oral contraceptive pill
and was used to treat menstrual disorders for the first time in USA (Junod and Marks,
2002). The modern methods are basically concerned with the health and wellbeing as
well as potential benefits to individuals, family and society at large.
Synthetic steroids were used for the first time as emergency contraceptives
(ECs) in the early 1960‟s. 50mg Diethylstilbestrol (DES) was initially used for EC for
4-6 days. Yuzpe et. al., during early 70‟s determined a standard dose of 0.2mg
ethinylestradiol (EE2) and 2mg of norgestrel (NG) or Levonorgestrel (LNG) to be
given twice daily which was better than the earlier estrogen only regimes (Goldstuck,
2014). A high dose progestin injection named “Depo-Provera” was introduced in
1969 (Leary, 1992). In the year 1973, low dose progesterone only pills (POPs) were
licensed for the first time with the belief that progestogens are safer than the estrogen-
progesterone regime (McFadden, 2009). The first Intrauterine device, “Progestasert”
in the year 1976, an implant named “Norplant” in 1983 was developed (Chin, 1992).
Contraception is considered as an important aspect of reproductive health care
for females and their families. Moronkola (2006) reported the potential of
contraceptive practice in preventing high risk as well as unwanted pregnancies,
achieving the number of children desired with appropriate spacing and timing,
reproductive tract infections etc. However, it has been reported that all
progestogens or synthetic progestins, when administered alone at contraceptive dose,
cause some disruption of menstrual bleeding pattern (Benagiano, et. al., 2000). A
number of menstrual disturbances are reported in users of synthetic progestin which
include lengthened cycles, spotting and breakthrough bleeding (Hatcher et. al., 1988;
Speroff and Darney, 1992). Such hormonal contraceptives suppress ovulation and at
the same time affect the endometrium though the net effect of these steroids into the
endometrium cannot be predicted (Rawal, 2016). Larsson et. al., (1970) reported that,
progestogens exhibit a wide range of actions which are dose dependent. Smith (2005)
in his review work on, Progestogen only contraception and endometrial break through
bleeding‟, also reported that the effects of progestogens depend on the type of
progestin, duration of progestin therapy, degree of inhibition of ovarian follicular
activity and whether or not ovulation occurs.

3. Levonorgestrel as a contraceptive agent

 	LNG is a second generation 19-nortestosterone derivative with androgenic and anti-gonadotropic activity. LNG was discovered in 1963 and it was introduced for medical use in 1970 together with ethinylestradiol (Mikle, 1999 and Roth, 2014). Since then, LNG is considered as one of the most effective contraceptives. 
LNG is used in combined oral contraceptives as monophasic and triphasic dose and in progesterone only contraceptives at low dose. It is also used in some intra- uterine devices (Friend, 2016) like LNG 20 and Nova-T (Luukkainen et. al., 1990),
Jaydess (Skyla) LNG-IUS 13.5mg and Kyleena LNG-IUS19.5mg (Goldstuck, 2017),
LNG-IUS 12 (Nelson, 2017), Mirena (a Levonorgestrel-releasing intrauterine system,
contains 52 mg of LNG, releases approximately 20 mcg/day of LNG) etc. Norplant®
is a six-capsule implant system releasing Levonorgestrel and it is effective for 5 years.
It was introduced for the first time in 1983 at Finland, then in 1990 at USA and in
1993 at UK (Mascarenhas et.al., 1998). Norplant® consensus statement, (1998)
reported that it has been registered in 60 countries and has been used by
approximately 6 million women in the world. The USA Food and Drug
Administration in 1996 approved another LNG releasing two-rod implant system12
called Norplant® II which is effective for 3 years (Mascarenhas et.al., 1998). In
hormone replacement therapy under the brand name Klimonorm, as a combined oral
tablet with estradiol valerate and under the brand name Climara Pro, as a combined
trans-dermal patch with estradiol of variable concentrations (Kubikova, 2014).
Several studies provide strong evidence that LNG ECPs prevents or delay ovulation.
According to Durand et. al., (2001); Hapangama et. al., (2001); Marions et. al., (2002);
Croxatto et. al., (2004); Okewole et. al., (2007); and Massai et. al., (2007), if LNG ECP
is used before ovulation, it suppresses the LH surge, impeding follicular development
and maturation and the release of the ova from the female gonad.

4. Mechanism of action of LNG

 	A little information is available on the mechanism of contraceptive effects of
LNG when administered poscoitally. Moggia et. al., (1974), Spona et. al., (1975), and
Landgren et. al., (1989) in their studies regarding mechanism of action of LNG,
reported that when LNG is used as an EC, it affects follicular growth and
development, LH surge and ovulation as well as corpus luteum and endometrial
function. In the year 1974, Keseru et. al., observed that treatment of 0.4mg LNG16
within 3-10h of an unprotected intercourse had decreased the number of sperms
recovered in the uterine cavity, caused alkalization of the uterine fluid which helps in
immobilization of sperms and also increased the viscosity of the cervical mucus.
Alvarez et. al., (1986) and Segal et. al., (1991) reported that, in case of human female,
LNG suppresses maturation of ovarian follicles along with ovulation by lowering the
secretion of follicle stimulating hormone (FSH) and inhibiting the preovulatory
luteinizing hormone (LH) surge.
When administered during the follicular phase in repeated doses, LNG
suppresses proliferative activity of the endometrium. Ovarian activity is suppressed
when LNG is given during late follicular phase or around the time of ovulation. But
no significant changes of the endometrium occur, if it is administered during the
secretory phase of the cycle (Landgren et. al., 1989). Durand et. al., (2001), while tried
to find out the effects of short-term administration of LNG on the pituitary-ovarian
axis, corpus luteum function and endometrium at different stages of the ovarian cycle
of surgically sterilized women during two menstrual cycles, also reported that LNG
exhibits its contraceptive effect by suppressing ovulation during follicular phase of
the cycle. A comparative study was done over a year by Rice et. al., (1999) to
compare ovulation inhibition capacity of two progesterone-only contraceptives: 75μg
Desogestrel and 30μg Levonorgestrel. To fulfill the objective seventy-one healthy
women of age group 18-40 were randomly assigned to receive either Desogestrel 75
μg/day or 30μg LNG/day, for 13 treatment periods of 28 days. Trans-vaginal ultra17
sonography, measurement of serum E2, P4, LH and FSH were done throughout the 7th
and 12th 28 days treatment period. Increased number of follicular ruptures, ovarian
cysts, with more ovulation rate were observed in the LNG treated women when
compared to the Desogestrel treated group. They found Desogestrel more effective
than LNG and concluded that the primary mechanism of action of LNG as POP is not
ovulation; rather it exhibits its effectiveness by disrupting the luteal phase and by
decreasing the normal amount of cervical mucus. These findings had similarity with
the findings of McCann and potter (1994), who also concluded that ovulation, is not
the primary mechanism of action of LNG. Besides these, LNG also induces changes
in endometrial secretions that modulate sperm functionality (Hernandez et. al., 2018).
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Figure 1. Mechanism of action of levonorgestrel showing inhibition of ovulation, cervical mucus thickening, and endometrial changes that prevent fertilization and implantation.

5. Adverse effects of LNG
 	The combined oral contraceptive pills (low dose) are associated with inhibition
of the endometrium leading to endometrial atrophy. The endometrium usually gets
thinner with narrow lumen, widely spaced endometrial glands along with prodecidual
changes in the stroma (The ESHRE Capri Workshop Group, 2001).
Although progesterone-only contraception is considered safe and effective,
bleeding dysfunction is the major disadvantage of these contraceptives which limits
their use and acceptability. The progesterone-only pills are associated with a
relatively high incidence of menstrual cycle irregularity in comparison to the
combined pills (The ESHRE Capri Workshop Group, 2001). Breakthrough bleeding18
probably arises from scattered areas and individual vessels rather than from the whole
of endometrial surface. A number of mechanisms have been suggested (Fraser, 1999).
Use of hormonal contraceptives like Yuzpe, LNG, or Ulipristal acetate (Ella) may
alter the menstrual cycle pattern. Administration of these contraceptives during early
phases of the cycle may shorten the length of the cycle, while these contraceptives
lengthen the menstrual bleeding if administered later in the cycle (Trussell et. al.,
2008).
 	Instead of its efficient contraception action, LNG was reported to
have a number of adverse effects on the female reproductive system. These include
atrophy of uterine glands, stromal decidualization, infiltration of inflammatory cells
into the stroma, presence of hemosiderin pigment, glandular metaplasia, stromal
necrosis, reactive atypia in surface glands etc. (Phillips et. al., 2003). Consumption of
LNG at a high and frequent dose may cause pain in the abdomen, uterus, heavy
menstruation, fatigue, nausea, headache, dizziness etc.; most common side effects
include painful menstruation and vomiting and diarrhea (Chen, 2014). Besides anti
estrogenic effects, LNG appeared to have androgenic effects on the hair and skin of
the users and may antagonize certain estrogen-dependent alterations in metabolism,
such as lipid metabolism, synthesis of certain hepatic proteins and haemostasis (Kuhl,
2005). It can cause a profound endometrial suppression and amenorrhea in
premenopausal women and postmenopausal patients (Wildemeersch et. al., 2003).
After insertion of the LNG-IUDs, the progestin released from the IUDs accumulates
in the endometrium and myometrium and causes a profound suppression of the
endometrium. Therefore, after transitory spotting and breakthrough bleeding, which
occur during the first year after insertion in some women, the endometrium becomes
atrophic (Raudaskoski et. al., 2002). More references related to side effects of LNG are mentioned below in a tabular form:
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Table 1. Side effects of LNG
	
Sl no.
	
Mode of treatment/

concentration/model animal
	
Side effects
	
References

	
1.
	
The progestin was administered daily to the uterus of mice.
	
Closed uterine lumen and suppression of the epithelial cell division
	
Martin et. al.,

(1970)

	
2.
	
The progestin-releasing IUD was inserted in the uterus of
human female.
	
Decidualization of the uterine stroma as well as atrophy of the endometrium.
	
Martinez et. al., (1975)



	
3.
	
Cyclic Monkeys were

administered intramuscular

injection of LNG at a dose of 2g/kg/d.
	
Prolonged Estrous cycle along with suppressed levels of serum E2 and androstenesione.
	
Heikinheimo (1996)

	
4.
	
LNG releasing implants were
inserted sub dermally for 2 to 6years in women
	
Disruption	of	normal reproductive cycle and impairs oocyte maturation.
	
Alvarez et. al.,
(1986)

	
5.
	
LNG as brand name Norplant was inserted sub cutaneously to
human females.
	
Level	of	P4	and	E2	was	found decreased

	
Pritis (2005)

	
6.
	
Long term use of the progestin
	Small indistinct endometrial glands; low columnar epithelium
	
Mazur (2005)

	
7.
	
Mongolian gerbils were administered 0, 1, 10 and 100µg/g b.w LNG intragastrically day-2, 4 and day-6 of the reproductive cycle
	
The level of serum E2 and P4 was found decreased leading to disrupted ovulation and luteal activity.
	
Hui and Zhao (2011).

	
8.
	
ICR mice were gavaged with 0.00039mg LNG every 4th day of the estrous cycle.
	
(i). Prolongation of the estrous cycle length.
(ii). Significant reduction of mRNA and expression of FSHR and LHR.
	
Chen and
Shi (2016).

	
9.
	
LNG as Emergency contraceptive (EC) by human female.
	
Delayed menstruation, Metrorrhagia, Dysmenorrhea, Menorrhagia,
 Premenstrual syndrome, Breast
 tenderness, Nipple disorder, Breast
Enlargement, Ectopic pregnancy.
	
Kurian et. al., (2018).





6. Conclusion

 	Levonorgestrel represents a significant advancement in hormonal contraception and remains one of the most reliable agents used in both routine and emergency contraceptive methods. Its ability to inhibit ovulation, alter cervical mucus, and induce endometrial changes contributes to its high contraceptive efficacy. In addition to its widespread clinical use in oral contraceptives, intrauterine systems, and implantable devices, levonorgestrel has played an important role in reducing unintended pregnancies and improving reproductive health outcomes globally. Although generally safe, its use may be associated with certain adverse effects, including menstrual irregularities and hormonal disturbances. Therefore, careful clinical monitoring and continued research are essential to further understand its long-term effects and optimize its use in contraceptive strategies.

Abbreviations
LNG – Levonorgestrel
LH – Luteinizing Hormone
IUD – Intrauterine Device
IUS – Intrauterine System
ECP – Emergency Contraceptive Pill
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