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Celebrating the Vagina: The Vagina

as Effective Route of Drug Delivery

By Mary Jane Minkin, MD; and Sebastian Mirkin, MD

Although more than half of the adults in the US are women,'
use of the word vagina by the media or in politics has always
been somewhat taboo, creating mystery around the vagina
for much of the general population. However, in the medical
field the vagina is a well-known route of drug administration,
effectively bypassing liver metabolism and allowing both
local and systemic drug delivery.

Anatomy and Physiology

The vagina is an elastic, muscular canal with a soft, flexible
lining covered by an epithelium, connecting the uterus to the
outside world. In women of reproductive age, the vagina has
numerous folds called rugae, which provide distensibility
and support and increase the surface area of the vaginal
wall (total surface area is approximately 90 cm).2 As a
collapsed organ, it measures 8 to 12 cm in length, beginning
with the vulva and labia and ending at the cervix. Although
the vagina is often depicted as a straight tube,®? it is really
a curved (130°) organ with 3 distinct portions (Figure 1%): a
lower sphincteric zone (entrance), a transition zone (convex
portion), and a wider forniceal zone (upper portion). The
anatomy of the vagina lends itself to drug delivery, since
the upper portion lies almost horizontally when a woman
is standing, meaning, for example, that inserted vaginal

products, such as a contraceptive ring, should not be
dislodged.

The pH of the vagina is normally acidic (< 4.5) and is
thought to be related to the abundance of Lactobacilli
species and high levels of glycogen in the vaginal tract.5”
During menopause, the vaginal epithelium becomes thinner
by a reduction of its superficial cells, and the mucosa
becomes pale due to a lack of underlying vasculature,
caused by declining estrogen levels, ultimately leading
to vulvar and vaginal atrophy.” This thinning of the vaginal
epithelium also results in decreased production and
secretion of glycogen, which is thought to contribute to the
more basic vaginal pH (> 5) observed in postmenopausal
women.”8

The vagina functions as a birth canal, a passage for
menstrual blood, and a repository for sperm during sex.
A woman’s age, hormone status, and pregnancy status
can influence the vagina’s physiology. Estrogen status,
menstruation, semen, and bacterial colonization can alter
its pH.3

Microbiomes Can Be Diverse
The vaginal microbiome plays an important role in
preventing the colonization of the vagina by pathogenic
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Figure 1. Figure depicting MRI of the pelvis performed with
vaginal distension by endoluminal contrast, demonstrating 3
vaginal zones: a narrow tubular sphincteric zone at the introitus,
a wedge-shaped transition zone, and an expanded forniceal
zone. Figure from Appelbaum et al reproduced with permission.

Cervix

Forniceal Zone
Urinary Bladder

Transition Zone

\

Pubic
Symphisis
Sphincteric Zone

organisms,® including urinary tract and sexually transmitted
infectious agents. The composition of the microbiome can
be diverse across women in terms of type and abundance.
Itis mainly composed of Lactobacillus species, which helps
protect the vagina from pathogens by producing lactic
acid.® Women of reproductive age can be categorized
into 5 groups, depending on the dominant organisms, and
over time the profile of the vaginal microbiome changes
with postmenopausal women having the least amount
of Lactobacillus species.'®' A reduction in Lactobacillus
levels could be a contributor to a less acidic vaginal pH in
postmenopausal women, but the decrease in Lactobacillus
levels may also be due to decreases in glycogen levels
caused by decreased vaginal epithelium.”

Bacterial vaginosis (BV) is a common type of vaginal
inflammation caused by bacterial overgrowth that results in
adisruption of the microbiome’s normal equilibrium. BV has
been shown to make women more susceptible to sexually
transmitted diseases, including HIV.">'® Bacterial vaginosis
also may play a role in preterm deliveries."

Nerve Supply

The majority of the vagina’s innervation comes from the
autonomic nervous system,® which has sympathetic and
parasympathetic fibers that supply the vagina through
the uterovaginal plexus. Because there is no sensory
innervation in the upper vagina and autonomic fibers
respond to stretch but are not very sensitive to pain or
temperature, the upper vagina is a relatively insensitive

area. For this reason, women rarely feel any discomfort
from vaginal products such as vaginal contraceptive rings,
tampons, or suppositories inserted in the vagina. Only the
bottom quarter of the vagina receives sensory or somatic
innervation via peripheral nerves.

Embryologic Development Predicts Patterns
The vagina is composed of 2 distinct sets of embryologically
derived tissues. The upper half of the vagina, the uterus,
and the cervix are derived from the Mdullerian ducts
(paramesonephric ducts), whereas the lower portion
of the vagina, the urethra, the vulva and the introitus are
derived from the urogenital sinus (Figure 2A)."® Structures
derived from the urogenital sinus have some of the highest
concentrations of estrogen receptors in the female body,'®"”
unlike the upper portion of the vagina.’®

These embryological differences may also help explain
the distinct irrigation and drainage of the upper and lower
parts of the vagina. Arterial blood supply and venous
drainage of the upper vagina occur through the branches
of the internal iliac artery and veins as well as the uterine
and vaginal artery and veins, whereas for the lower vagina,
they occur through the internal pudendal artery and vaginal
venous plexus (Figure 2B). Lymphatic drainage in the
vagina is also regional and depends on embryology: the
upper vagina drains into the external iliac nodes, the middle
vagina into the internal iliac nodes, and the lower vagina into
the superficial inguinal nodes and perineum (Figure 2C).

These regional characteristics were first observed in an
early study of vaginal progesterone, which showed that
progesterone delivered in the upper part of the vagina
had preferential effects on the uterus and endometrium.'
Similarly, differential lymphatic drainage was observed
in studies of vaginal cancer showing that tumors arising
in the upper two-thirds of the vagina metastasize to the
pelvic lymph nodes, whereas tumors in the lower third of
the vagina metastasize to the inguinal and femoral nodes.?
Since the vascular and lymphatic circulatory patterns in the
vagina follow these embryonic developmental templates,
medications administered into the upper vagina are likely to
be distributed preferentially into the pelvic organs.

Studying the Uterine First-Pass Effect

The concept of the uterine first-pass effect was initially
proposed by Bulletti et al,??2 who postulated that
steroid compounds placed in the upper vagina would
be preferentially delivered to the uterus with subsequent
passage into the systemic circulation. They performed in
vitro studies on uteri/upper vaginal preparations perfused
with culture medium.??2 Radiolabeled progesterone
placed in the upper vagina was rapidly absorbed into
the uterine circulation with longer-lasting accumulation
in the endometrium and myometrium.?? These studies
demonstrated the delivery of steroids to the systemic
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circulation and regionally to the myometrium and
endometrium when placed in the upper vagina.??
Accordingly, rapid systemic circulation of drugs is observed
in women who use contraceptive or menopausal vaginal
rings, which are placed in the upper part of the vagina.?-%

Drug Delivery Affects the Periurethral Area

The concept that in vivo drug delivery from the vagina would
differ depending on where medications are positioned within
the vagina was tested in a randomized trial of an estradiol
(E2) tablet vaginal insert placed in the lower (outer) third of
the vagina versus the upper (inner) third in postmenopausal
women aged 54 to 61 years.?® In these studies, placing the E2
tablet in the lower vagina significantly increased periurethral
blood flow (129%) but not uterine artery flow, whereas
placing the E2 tablet in the upper vagina significantly
increased both ipsilateral and contralateral uterine artery
blood flow (> 198%) and significantly decreased blood flow
in the urethrovaginal septum.?® These results are consistent
with data showing that E2 rapidly stimulates arterial
dilation.?” Differential effects by vaginal site of administration
were also demonstrated?® and confirmed?® by Doppler
examination of the pulsatility index (Pl) and resistance index
(RI). Drug delivery to the lower vagina did not change Pl or RI
at any site,?®? whereas administration to the upper third of
the vagina reduced Pl and Rl in both uterine arteries®*28 but
not in the urethrovaginal septum.? Furthermore, in a study
of healthy postmenopausal women,?® E2 levels with an E2
softgel vaginal insert (placed in the lower vaginal canal [1 to
2 inches]®’) remained within the postmenopausal range and
were lower than with a vaginal tablet comparator (inserted
with its applicator in the upper part of the vagina®'). In fact,
the E2 areas under the time-concentration curve  ,, for
the 10-pg and 25-ug doses were 3 times lower with the E2
vaginal insert than with the same doses of the E2 vaginal
tablet.?®

Advantages of Vaginal Drug Administration
Vaginal drug delivery has been used for more than 60 years,
since the documentation of effective penicillin absorption
with vaginal suppositories.® Vaginal administration of a drug
has been noted as easy, painless for the patient, requiring
no intervention by medical personnel, discreet/private,
reversible, having minimal interference with body function
and daily life, having high bioavailability with little variability,
and having minimal interference with other medications.?
The vaginal route of administration can also provide both
systemic and local drug delivery and effects.®® The rich
complex network of capillaries of the upper vagina makes
it a good systemic drug delivery system as it eliminates
intestinal-hepatic first-pass metabolism.?*34 Contraceptive
rings positioned higher in the vagina, at the level of the
entrance to the uterus, would provide systemic exposure®-3¢
and may allow for steadier hormone levels than the peaks
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Figure 2. (A) Embryologic development of female organs. The
trigone, urethra, vulva, and distal vagina (encircled in pink in the
insert) are homologues of the urogenital sinus; blood supply (B)
and lymphatic (C) systems of the vagina and uterus.



and troughs that result with a daily pill.?*?* Such steady-state
hormone levels would reduce the chance of breakthrough
bleeding.

Conversely, application of a low-dose vaginal softgel
insert in the lower part of the vagina can locally treat vulvar
and vaginal atrophy with minimal systemic absorption.®®
Estradiol absorption is dose dependent and may be
influenced by dose, formulation, and positioning in the
vagina.®” However, larger than prescribed amounts of
estrogen creams, particularly those placed higher into
the vagina with an applicator, may result in unnecessary
systemic absorption. With vaginal progesterone for luteal
phase support, the uterine first-pass effect allows hormones
to concentrate in the uterus and nearby tissues with low
systemic exposure.®338

Newer technologies may also enhance use of the
vagina for drug delivery. For example, different vaginal
mucoadhesive polymers are prominent and continue to
be developed.® Other options explored for vaginal drug
delivery include vaginal vaccines and microbicides.*®

Conclusion

Although the vagina is rarely talked about openly, it warrants
attention and more open discussion. It is essential for birth,
menstruation, and reproduction, and it can serve as a great
route for drug administration. Drug delivery via the vagina
allows for local or systemic effects depending, in part, on
where the drug is positioned within the vagina and the
formulation of the drug product. Although this specific route
of administration can only be used in women, elimination
of intestinal-hepatic first-pass metabolism makes it a very
interesting organ for drug delivery.
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