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New Hypotheses

Transvaginal progesterone: evidence for a new
functional ‘portal system’ flowing from the
vagina to the uterus
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The results of many recent experimental and clinical studies support the hypothesis that progesterone administered
vaginally is distributed sdlectively to the uterus where tissue concentrations and effects exceed expectations. This
phenomenon has multiple clinical implications in several fields of gynaecological endocrinology, notably in assisted
reproductive treatments and new forms of hormone replacement therapy. Yet, the actual mechanisms by which vaginal
administration of progesterone can induce higher concentrationsin the uterus, despite low concentrationsin the systemic
circulation, remain obscure and most puzzling to many gynaecologists. This review aims to muster ideas and propose
different mechanismsto explain the obser ved phenomenon. I n particular, wewill summarizedatathat support thevarious
putative modes of transport including, direct diffusion through tissue, intracervical aspiration, absor ption into the venous
or lymphatic circulatory systems and countercurrent vascular exchange with diffusion from utero-vaginal veinglymph
vesselsto arteries. All these mechanisms may concur to various extents to the uterine specificity of vaginal progesterone.
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Introduction

Most endocrinologists were thought to believe that hormonal
blood concentrationswereall that count because they represent
the signa controlling the effects on target organ(s). The mold
from which this thinking evolved is the world of blood sugar

nicely within this origina model (e.g. the hormonal control of
cacaemia).

Yet we now redlize that different modes of endocrine
interactions can dso prevail, particularly between reproductive
hormones and their target organs. Specificaly, we recognized
that relationships between hormone concentrations and effects
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are far more complex than originaly thought. In this respect,
reproductive endocrinology has reserved us a few surprises.
Firg, it has become evident that at each stage of thisdiscipline
(pituitary, ovary or uterus), target organs mainly receive
‘permissive’ rather than ‘contralling’ orders from their
dedicated hormone(s) (de Ziegler, 1995). This daready
shattered a few exigting premises and dogmas on functiona
links between hormona concentrations and effects on
end-organs. A second—and even more unexpected—form of
discordance has been recently unveiled between the
concentrations of hormones and the effects in the case of their
vaginal administration. With vagina treatments, it has now
become apparent that the low concentrations of plasma
progesterone achieved contrast with the high endometria
efficacy observed (Miles et al., 1994; Fanchin et al., 1997).
This latter finding was recently attributed to a previoudy
unknown direct trangport phenomenon involving the vascular
system (Cicineli etal., 1998). Uncovered by studying the
vaginal administration of progesterone, this direct transport
phenomenon is likely to have physiological implications that
reach far beyond the mere issues pertinent to drug delivery.

Today, awedlth of data suggest that the endometria tropism
of vagina progesterone results from afraction of progesterone
administered vaginaly travelling directly from the vagina to
the uterus. There, it enhancestissue concentrations achieved in
this organ. This newly minted loca vagina-to-uterus ‘portal
system’ or ‘first uterine passeffect’ brings new understandings,
but dso raises new questions pertinent to reproductive
physiology. The experimental basis supporting the existence of
thislocal ‘porta system’ running from the vaginato the uterus,
its putative underlying mechanism(s) and practica
implications in other reproductive endocrine interactions, are
the topics of the present review.

We have divided the arguments into three sections. First, a
survey of the evidence that supports the view that vagina
adminigtration of progesterone results in high endometria
efficacy despite relatively low progesterone concentrations in
periphera blood. Second, asummary of the experimental data
confirming that, from afunctional point of view, adirect loca
‘portal’ trangport system exigts. Third, areview of the putetive
mechanisms of action underlying this phenomenon. Emphasis
will be put on the description of experimental data supporting
the involvement of an original ‘countercurrent’ vascular
exchange mechanismwith veinto artery diffusionfor thisloca
transport. We will stress also the potentia clinical implications
of thisnewly uncovered phenomenon beyond the smpleissues
linked to exogenous progesterone administration.

In order to avoid any issues of conflict of interest, the
position of Dr de Ziegler within Columbia Laboratories is
clearly stated in the authorship details. Columbia Laboratories
is the developer of Crinone, but not its distributor
(Wyeth-Ayerst L aboratories, Radnor, PA, USA).

Physiological progesterone replacement

Progesterone, the native hormone produced by the corpus
luteumn during the luteal phase of the mengtrua cycle, is the
unique option when we seek ‘physiologicd’ hormona
replacement therapy (HRT). This is particularly the case for
women who attempt to become (or are aready) pregnant
through assisted reproductive techniques. There are aso other
specific circumstances in gynaecology where physiologica
replacement of progesteroneis preferred. Inrecipients of donor
egg in-vitro fertilization (IVF), vagina progesterone has been
shown to be as effective as intramuscular (im) injections for
priming endometrial receptivity and sustaining pregnancy
(Gibbonset al., 1998). Vagina progesterone hasa so been used
successfully as part of HRT for various conditions (Warren
et al., 1999), including for menopause (de Ziegler et al., 1999).
In al these cases natural progesterone is absolutely indicated
(IVF) or prefered (HRT) because of posshle adverse
conseguences or subjective side effects of synthetic progestins.
Yet, because of the lack of an appropriate pharmacologica
preparation, physiologica progesterone replacement has
remained limited until now. Ora progesterone formulations
exist, but these have very low bioavailability (<10%) because
of rapid intestind and liver metabolism. After ord
adminigtration of progesterone, low circulating concentrations
of progesterone contrast with the high concentrations of
progesterone metabolites, notably 5a-reduced metabolites
which are known sources of neuropsychologica side effects
(Nahoul et al., 1987; Arafat et al., 1988). Thishormonal profile
with minimally elevated progesterone explainsthe observation
that ord progesteronefail stoinduce predecidual changesinthe
endometrium (Bourgain et al., 1990) and luteal supportin IVF
(Devroey et al., 1989).

Daily i.m. injections are effective notably in infertility, but
are painful and not conceivable for long-term treatments.
Vagina administration, however, has been found effective and
well accepted by women because of the limited side effects
(Bourgain etal., 1990; Gibbons etal., 1998). Logicdly
therefore, the vagina route has gained credit particularly for
short-term  adminigtration such as required in infertility
treatments. In many countries, vagina progesterone has
become the primary mode of Iuteal support in IVF and other
related assisted reproduction trestments (Bourgain et al., 1990;
Artini etal., 1995). It has been shown however, that vagind
absorption of progesterone may beinfluenced by the degree of
vaginal mucosa oestrogenization (Villanueva et al., 1981), as
well as by the characterigtics of the formulation used (Price
etal., 1983, Fulper etal., 1987, Kimzey etal., 1991).
Moreover, until the recent development of sustained-release
forms (Fanchin etal., 1997), multiple daily administrations
were needed which limited the possbility of long-term
treatment. Except for the recently developed sustained-release



vagina gel of progesterone, none of the preparations used was
either of pharmaceutical grade (vagina suppositories are not)
or origindly designed for vagind use (ora micronized
progesterone capsules were re-directed to be used vaginaly).

The first uterine pass effect

In the past few years there has been renewed interest in the
vagind route, particularly for administering progesterone, with
growing evidence supporting a preferentid or sdective
didribution to the uterus. This phenomenon has been caled the
‘firg uterine pass effect’ (de Ziegler, 1995). The bads for the
hypothesis of this locd transport system is rooted in the
characterigic  dissociation  between sarum  progesterone
concentration and endometrid histology. While the former is
often low or ‘sub-physiologicd’, endometrid effects show in
most cases cler and complete secretory changes. This
discrepancy was sressed to a maximum when a sustained-
releese vagind gd of progesterone, Crinone (Wyeth-Ayerst
Laboratories, Radnor, PA, USA), was used a hdf the
recommended dose and frequency of adminigtration (45 mg
every 48 h). This resulted in frankly low serum progesterone
concentrations (in the luted phase defect range), but did not
hamper endometrid efficacy (Fanchin etal., 1997). On the
contrary, repeated nasd adminidration of progesterone that
resulted in serum progesterone concentrations in the same range
as those observed after vagind administration induced only
partid secretory transformation of the endometrium (endometrid
glands only) (Cicindli etal., 1993). That smilar sysemic
concentrations of progesterone induced different endometrid
responses has been a keystone in the hypothess that vagina
adminidration results in sdective digtribution to the uterus.

In 1994, Miles and co-workers provided direct
demonstration of selective digtribution of progesterone from
the vagina to the uterus. When comparing vagind and i.m.
progesterone, these authors observed that  vagina
administration led to lower serum progesterone concentrations
and yet higher tissue concentrations of progesterone in the
endometrium as compared with measurements made after i.m.
administration (Miles et al., 1994). Results of recent clinica
studies are dso in agreement with the hypothess of a
preferential  distribution to the uterus of progesterone
administered vaginaly. Gibbons and co-workers randomized
women undergoing a donor egg programme into two groups
receiving either the sustained-release gel of progesterone 8%
(90 mg of micronized progesterone per gel application, twice
daily from the evening of cycle day 14 to day 27) or i.m.
progesterone (100 mg from cycle days 15 to 27) replacement
(Gibbons etal., 1998). They reported higher mean serum
progesterone concentrations in the i.m. treatment group as
compared with women in the Crinone group, yet despite this,
endometrid histology was ‘in phase’ in dl subjects of both
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groups. Moreover, ongoing pregnancy and implantation rates
in subjects receiving Crinone in preparation for their actud
embryo transfer were not different from those seen in women
receiving i.m. progesterone. These authors concluded logicaly
that vaginal progesterone replacement was as effective asi.m.
progesterone in producing clinical and ongoing pregnancies
within their donor egg programme (Gibbons et al., 1998).

Mechanisms of action explaining the uterine
tropism of vaginal progesterone

Little is known about the routes and kinetics governing the
direct transport of hormones from the vagina to uterus.
Theoreticaly, at least four different mechanisms can be
contemplated as possibly explaining this unexpected
phenomenon: (i) direct (passive) diffusion through tissues; (i)
passage through the cervical lumen from the vagina to the
uterus, (iii) transport via the venous or lymphatic circulatory
systems, and (iv) countercurrent vascular exchange with
diffuson between utero-vagina veins and/or lymph vessels
and arteries.

In the following pages we briefly review the experimenta
and clinical datathat support these various mechanismseach as
a putative explanation for the sdective distribution of
progesterone to the uterus after vaginal administration.

Direct (passive) diffusion through tissues

Direct vaginato-uterus diffuson through tissues has been
demongrated in humans in an in-vitro extracorpored perfusion
non-recycling system (Bulletti et al., 1997). A mixture of tritisted
([3H]) and unlabelled progesterone was applied to the cuff of
vagind tissue remaining dtached to the cervix after
hysterectomy. At the end of the perfusion period (up to 12 h), 3H
and 14C radioactivity were messured in samples of uterinetissue.
Tritisted water and [14C]dextran were tested to determine the
extent of non-gpecific vagina-to-uterus transport (leeks). Findly,
sections of uterine tissue exposed only to [3H]progesterone were
prepared for autoradiography. The uterus was perfused with an
open system that avoids the possibility of recirculation. Results
areillugrated in Figure 1. Absorption inthe uterine vein occurred
early, pesking 1-2 h after the placement of [3H]progesterone. In
contrast, uterine concentrations of progesterone pesked 5 h after
vagind adminigration when it reached 265 = 64 and
299+ 87ng/100 mg of endometrid and myometrid tissue
respectively. Endometria extraction of progesterone was higher
when experiments were performed on uteri obtained during the
lutel phase (280 = 156 ng/100 mg of endometrid tissue) as
compared with tissue removed during the proliferative phase of
the mengtrua cycle (74 + 28 ng/100 mg of endometria tissuge).
Because of the open pefuson sysem usad in this modd,
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Figure 1. Direct (passive) diffusion through tissues from vagina to
the uterus. Line graph: mean (+ SD) per cent of total radioactive
progesterone (2H-P) that crosses the uterus (n = 30 organs) during
12 hfollowing its vaginal application in vitro on the vaginal collar.
Histogram: accumulation of radioactive progesterone in the
endometrium. (Reproduced from Bulletti et al., 1997.)

trangport of progesterone to the uterus could not result from
conventiond digtribution by the circulatory system.

Passage through the cervical lumen from the
vagina to the uterus

Passage through the cervica cana (aspiration) has been
proposed as possible mechanism explaining thedirect diffusion
from the vagina to the uterus. Part of the vagina gel applied
against the uterine cervix and externa cervica oscould at least
theoretically ascend through the cervical cana and reach the
endometrid cavity with the facilitative effect of retrograde
uterine contractility. Recent work, notably by Wildt'steam, has
provided evidence of intraumina transport activated by
uterine peristalsis (Kunz et al., 1996, 1998). Using sperm-size
99MTe-labelled macroaggregates of human serum abumin
(Solco MAA, Solco Basel AG, Birsfelden, Switzerland), these
investigators showed that during the late follicular phase
€lective transport takes place toward the tube on the side of the
developing follicle.  This  phenomenon  parallded
subendometrial uterine peritdtic waves with characterigtic
cervix to fundus dominance of displacement at this period of
the menstrual cycle. Yet experimental data speak against this
possibility. Characterigticdly, the time course of intrdumina
transport isextremely rapid. Intheir study, Kunz et al. observed
that Tc-99 activity migrated toward the *dominant’ tube within
minutes of Tc-99 placement in the vagind fornices. Such rapid
transport contrasts with vagina-to-uterus diffusion. Using an
ex-vivo uterine perfuson model, Bulletti et al. showed that
[3H]progesterone placed on the rim of vagina tissue reached
the uterine fundus 56 h laer (Bulletti etal., 1997).
Furthermore, in the uterine perfusion model, the wave of

[3H]progesteronetravelled at comparable speed in endometrial
and myometria tissues, reaching smultaneoudy the fundal
areain thesetwo tissues. Hence, the countercurrent diffusionto
the uterus of substances placed in the vaginais a phenomenon
diginct from intraluminal migration of spermatozoa or
sperm-like particles.

Both groups of investigators have excluded interference
between the two modes of transport. Wildt'steam excluded the
possibility of dissociation of Tc-99 from the abumin beadsand
subsequent vascular trangport of ‘free’ Tc (Wildt et al., 1998).
In their method, these investigators thoroughly washed the
utero-tubal content after detecting tubal transport. The results
showed complete disgppearance of Tc activity, thereby
confirming that migration of Tc activity truly represented
intraluminal transport. Preliminary data obtained after seding
the cervica canad with latex also spesk to contradict this
possibility (de Ziegler et al., 1998). We can therefore conclude
that the rapid intraluminal transport of spermatozoa and
sperm-sized particles and the dower vagina-to-uterus
difftuson of vagindly administered substances such as
progesterone are two distinct phenomena. Each mechanism
however may beinfluenced by the state of uterine contractility
(Fanchin et al., 1998).

The venous or lymphatic circulatory systems

Hormones placed in the vagina are absorbed as through other
mucosae. Absorption is dependent upon transport in blood
and/or lymph (Einer-Jensen et al., 1993). Besides absorptionin
venous blood, lymph may play an important role asit has been
recognized to be an important carrier of steroid hormones
(Magness and Ford, 1982, 1983). In swine, lymph originating
from the mucous membrane and musclesin the cranial part of
vaginaare collected by small lymph vessals. The small vessdls
jointo formtwo or three bigger vessdswhich run on each side
of the organ, passing through the plicaurogenitdis. Ultimately,
these vessdls unite with lymph vessels draining the caudal part
of the uterus and end in the hypogastric, media iliac and/or
para-aortic lymph nodes. The lymph vessels from the most
cauda part of vaginatake adifferent direction to the superficia
inguina lymph glands (Einer-Jensen et al., 1993). A similar
lymph drainage has been found in the cow (Jelinek and Kacer,
1973). In women, lymph vessels are also found that run from
the crania part of the vaginatoward those originating from the
uterine cervix, both ending into the hypogastric lymph glands
(Williamset al., 1989). Therefore, the lymphatic system of the
upper part of the vagina being in direct communication with
those of the uterus may represent a potential route for direct
passage to the uterus of substances applied into the vagina
Extension to the uterus of carcinoma of the upper third of the
vagina supports the clinical relevance of this route of
communication.
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Figure 2. Countercurrent exchange system. Across the mucosa, the
drug (+) reaches high concentrationinlocal veinsand lymph vessels.
In the artery, the drug concentration increases progressively along
the tract in which the vessels are in contact. At the end of thistract,
drug concentration in the local artery will be higher than in arteries
supplying other organs. While substances are normally transported
from artery to vein, countercurrent exchange from vein to artery can
teke place if the following conditions are satisfied: (i) there is
proximity with the exchange surface; (ii) there is a higher
concentration in the venousflow; and (iii) theflow isin the opposite
direction.

Countercurrent vascular transport with diffusion
between utero-vaginal veins/lymph vessels and
arteries

Principles of countercurrent transport

Countercurrent  transport is a physiological exchange
mechanism known to teke place between fluids flowing in
opposite directions. This can particularly take place between
two fluid-filled tubes such as blood vessels that share a
common (or very close) surface, and flow in opposte
directions (Einer-Jensen, 1992). When this situation exists,
exchanges can occur if substancesarein higher concentrations
in venous blood/lymphatic vesselsthan inthe nearby artery. As
normal substances transported in the circulatory system travel
from artery to vein, transport in the opposite direction from
veinto artery islogicaly referred to as countercurrent transport.
Hence, through this system, the local arterial concentration of
substancesthat diffused fromthe veinto the artery will become
progressively higher than in arteries supplying other organs
(Figure 2).

The physica basis for countercurrent transfer can be
explained with asmplemodel. Consider two long copper pipes
running in close proximity, with hot water pumped through one
and cold water flowing in the reverse direction through the
other. Heat will be exchanged between thetwo pipes so that the
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hot water flow is cooled by cold water running in the opposite
direction. Clearly, in this example the cold water undergoes
similar heat exchanges in reverse. By putting the hot and cold
water pipes in close proximity, we have created a
countercurrent heat transfer system. The magnitude of the
temperature changes or efficiency of the countercurrent
transfer systemwill depend on avariety of physica parameters.
Firs among these factors are the size of the surface area
common to both tubes, the nature of themeta (copper resultsin
better heat exchange than plastic), and the flow rate (the lower
the flow, the higher the exchange). This well-known technica
principle is employed in steam engines and in ventilation
systems (heat-exchange systems). The principleis based on a
passive (no energy required) processwhich, inidea conditions,
may achieve near-100% transfer. In severa organs of the body,
blood vessels (veins and arteries) are actudly arranged in a
manner very similar to the tubes of our heat-exchange example
(Figure 2).

The countercurrent transfer of heet, respiratory gases,
mineras or metabolites has been described for many years as
fundamenta regulatory systems indispensable for severd
physiological processes. In sea mammals, wading birds and
fishliving in polar seas, countercurrent heat-exchange systems
run in limbs, flippers or tail vessels in order to protect the
organism againgt excessve heat losses (Schimdt-Nielsen,
1981). Because of countercurrent heat exchangesin their legs,
ducks can stand with their wide, web-toed feet resting on ice
without losng too much heat. In most mammals,
countercurrent heet exchangesexist between arteries supplying
thebrain and veinscarrying blood away from thenasal areaand
head skin. This is the basis for the so-called ‘brain cooling
system’ which plays an indispensable role in protecting the
brain against the risk of being exposed to excessive hest, for
example in case of intensive exercise (Baker, 1979). The
anatomica basisfor the heat-transfer system residesin the pars
petrosaof the temporal bone. There, in the cavernous sinus are
drained the large veins flowing from the head and brain. It is
not, however, the only venous outlet as these veins connect to
large collaterds flowing more superficidly. In this complex
system, flow will follow vessels of lesser resistance. For
example, venous outflow from the nose can pass either into the
cavernous sinus or leave the area through the superficia veins
on the face. Some animas have well-identified venous
sphincters which control the venous drainage. The carotid
artery runsinside the cavernous sinus, offering the anatomical
basefor a heat-exchange system. If cold blood flowsin reverse
inthesinus, it will efficiently cool arterial blood running in the
carotid. Some animas have further developed this
heat-exchange system with elaboration of the rete mirabile of
the carotid segment embedded in the cavernous sinus. Therete
mirabile is a mesh of short pardld thin arteries that carry the
carotid flow. Themultiplication of vesselsincreasesthe surface
through which heat can be transferred between arterid and
venous blood and thus facilitates the efficiency of the system.
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Numerous other countercurrent (heat and chemica
substance) exchange systemsexist. Inthe boar for example, the
pampiniform plexus participates in a countercurrent heat
exchange that lowers the temperature of testes (Waites and
Moule, 1961). The countercurrent transfer of minerals and
metabolites in the kidney is awell-known system which helps
in regulating the osmolarity and concentration of urine.

Countercurrent transport in the female pelvis

Anatomical structures suggestive of the locd transfer of
substances between the utero-ovarian vein and the ipsilatera
ovarian artery have been described for some (e.g. cow, sheep,
pig), but not al (e.g. horse), farm animals (Ginther, 1976). In
women, the utero-ovarian veins also form a plexus running
over the surface of the ovarian artery, thus forming the
anatomical basis for countercurrent transfers. In animals,
several experimental data have confirmed the existence of
countercurrent exchanges occurring between pelvic vessels.
When krypton-85 in saline was injected into a branch of the
ovarian vein in the sheep, the gas was detected a few seconds
later in the ipsilaterdl ovary with a mini-Geiger—Muller tube
inserted into the corpus luteum; krypton-85 was not found in
the contralateral ovary, thus excluding the possbility of
recirculation via the genera circulation (Einer-Jensen, 1988,
1992). Infusion of [14C]progesterone into the ovarian vein in
sheep induced higher concentrations of radioactivity in plasma
collected from the ovarian artery during and after theinfusion
than in smultaneoudy collected plasma from the aorta
(Einer-Jensen and McCracken, 1981; Einer-Jensen, 1992). A
local transfer of follicular hormones from the ovarian to the
utero-tubal arteriesin pigs has been demonstrated and has been
proposed as a mechanism regulating the oviduct function
(Hunter et al., 1983).

The importance of actua transport of steroids through
countercurrent exchanges in the pelvis has been questioned.
The pool of free steroids in blood plasma is maintained in
equilibriumwith the pool of carrier-bound hormones, with only
1-2% of steroid hormones being unbound in the arterid blood.
Although the efficiency of countercurrent trangport from veins
and lymphatic vessalsto arterieshasbeen estimated to below, it
must be considered tha it can considerably multiply the
concentretion of free hormone in arterial blood that is able to
interact with the receptor (Krzymowski etal., 1990).
Demonstration of the occurrence of pelvis countercurrent
exchangesa so existsin humans. During laparotomy inwomen
undergoing hysterectomy due to uterine fibroids, a mini
Geiger—Muller tube was inserted into an ovary and
krypton-85-sdine infused into an ipdlaerd vein.
Radioactivity was registered during and after theinfusion. The
experiment wasthefirst in-vivo indication of the existence of a
countercurrent transfer system in women, as recirculation
through the generd circulation could beexcluded (Bendz et al .,
1979). Infusion of [13C]progesteroneinto the uterine veins of a
similar group of women induced a higher concentration of the
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Figure 3. Countercurrent exchange of progesterone (P)
administered vaginally. After vaginal administration, the plasma
concentration of progesteroneinthe uterine artery ishigher than that
in the periphera circulation (radia artery). (Reproduced from
Cicinelli et al., 1998.)

hormone during and after the infusion in plasma samples
obtained from the ipsilateral ovary than in parale plasma
samples obtained from both a peripheral vein and plasma
samplesfrom the contralateral ovary. When [13C]progesterone
was indilled into the uterine lumen, higher hormone
concentrations were found in both series of ovarian samples
than in simultaneoudy obtained samples from a peripherd
vein, even if both tubes were ligated (Halket et al., 1985).

Several types of substances, including prostaglandins,
peptide- and steroid hormones, have been found to diffuse
between venous and arterial vessals of the ovarian adnexae in
laboratory animals, sheep, swine, cow and man (Einer-Jensen,
1988; Einer-Jensen et al., 1989; Krzymowski et al., 1990). The
transfer of substancestaking placeinthetightly interconnected
mesh of vessdls of the ovarian adnexahas been shown to bethe
underlying mechanism of bi-directiona interconnections
between the uterus and the ovaries. Transfers have aso been
reported to take placefrom ovarian lymphatic to arterial vessels
(Kotwica, 1980). Asaready stated, the lymphatic systemisan
important carrier of steroid hormones (Magness and Ford,
1982). Experimenta evidence for transfers occurring from
lymph to arterial blood has been reported by two independent
groups (Heap et al., 1985; Krzymowski et al., 1987).

An anatomical relationship smilar in gppearance to that
demonstrated in the adnexae, a so exists between utero-vagina
venous plexus and uterine arteries (Williams et al., 1989). In
the mesometrium, veinstightly entwine al the branches of the
uterineartery. Thiscreatesalarge area of close contact between
veins and arteries that favours direct passage of substances
between vessdls. It hasbeen observed in the pig that alarge part
of the surface of the branches of the uterine artery is covered
with athin-walled venous mesh; moreover, inthe uterine artery



of themesometriumitisa so paralleled by numerouslymphatic
vessels (Krzymowski et al., 1990).

Support for the hypothesis of local transfer between vessdls
resulting in countercurrent vaginato-uterus transport was
provided by Einer-Jensen and co-workers (Einer-Jensen et al..,
1993). These authors found higher progesterone
concentrationsin the uterine arterial blood of pigs as compared
with other arteries after vaginal administration of progesterone.
We recently demonstrated that in women, hormone
concentretions are also ggnificantly higher in the uterine
arterial blood than in the radia artery after vagind
administration of progesterone. At 45 min after single vagina
administration of amicronized progesterone (100 mg) in ail to
20 postmenopausd women undergoing transabdominal
hysterectomy for benign pathologies, progesterone
concentrationswere nearly twiceashigh (9.75+ 3.21 ng/ml) in
theuterine artery asin theradid artery (5.12+ 2.06 ng/ml) (P <
0.000001) (Cicindli et al., 1998) (Figure 3). Theresults of this
study conducted in a human in-vivo model, strongly suggest
that the direct vaginato-uterus transport of progesterone
administered vaginadly is mediated by a ‘vagino-uterine
countercurrent exchange' . These findings are consistent with
those of others (Mileset al., 1994), and provide an explanation
for the results reported previoudy. They dso confirm that
serum progesterone concentrations are not predictive of the
effects exerted on the endometrium when progesterone is
administered vaginaly (Cicindli etal., 1993; Fanchin etal.,
1997). The possible existence of a countercurrent mechanism
between vagind venous plexus and vagina and uterine artery
is dso in agreement with results of Bulletti and co-workers
(Bulletti etal., 1997). In their human ex-vivo model, these
authors observed a notable accumulation of [3H]progesterone
around vascular casts, thus indicating that preferentia
digtribution to the uterus could be mediated through the
vascular system.

Conclusions

In conclusion, we have summarized the accumulating body of
evidence that supports a preferential distribution of
progesterone to the uterus following vagina administration. It
is possible that dl the above-mentioned mechanisms of
distribution concur to target the effect of vagina progesterone
to the uterus. Hence, because of the eective delivery to its
ultimate target organ, the uterus, vagina progesterone will be
preferred in several clinica stuations—particularly when
uterine effects need to be maximized (such as in infertility
treatments) or blood concentrations minimized to limit side
effects (such asin certain cases of HRT).

We have outlined animal and human experimental data that
identify alocal countercurrent vascular exchange system. This
islikely to represent the underlying mechanism accounting for
the local ‘portal’ transport between the vagina and uterus.
There are good reasons to believe that countercurrent

‘Portal system’ for transvaginal progesterone 371

vaginarto-uterus substance transfer is part of a broader loca
vascular-supported intrapelvic exchange system that has more
than one physiological role.

In certain species, countercurrent uterus-to-ovary transport
of prostaglandinsislikely to exert controlling influences of the
uterus on corpus luteum function. In humans, the
vaginarto-uterus loca porta transport or ‘first uterine pass
effect’ uncovered through studying vegina delivery of
hormones such as progesterone is likely to have definitive
physiological significance that is unrecognized at present.
Indeed, it is probable that prostaglandins contained in
spermatozoa are the primary beneficiary of the newly
discovered vagina-to-uterustrangport. Delivered directly tothe
uterus, prostaglandins of spermatozoa can activate uterine
contractility and help propel spermatozoa to the distal end of
the tube without raisng circulating concentrations of
prostaglandins nor causing side effects. Therefore, the ‘first
uterine pass effect’ is an underlying mechanism with probable
physiological significance (transport of sperm prostaglanding)
that has, until recently, remained ignored.
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