Journal fur

Reproduktionsmedizin
und Endokrinologie

—Journal of Reproductive Medicine and Endocrinology -

Andrologie * Embryologie & Biologie * Endokrinologie ¢ Ethik & Recht * Genetik
Gynakologie * Kontrazeption ¢ Psychosomatik e Reproduktionsmedizin ¢ Urologie

From Classical to Molecular Physiology and back again
| Einer-Jensen N, Hunter RHF

J. Reproduktionsmed. Endokrinol 2014; 11 (5-6)
| 280-285

www.kup.at/repromedizin
Online-Datenbank mit Autoren- und Stichwortsuche

Offizielles Organ: AGRBM, BRZ, DVR, DGA, DGGEF, DGRM, D:I:R, EFA, OEGRM, SRBM/DGE

Indexed in EMBASE/Excerpta Medica/Scopus

Krause & Pachernegg GmbH, Verlag fiir Medizin und Wirtschaft, A-3003 Gablitz


https://www.kup.at/repromedizin

ENDO FERTI FORUM 20.-21. Marz 2026
ENDOKBINOLOGIE & FERTILITAT
FUR KLINIK & PRAXIS

Universitdtsmedizin Mainz

Einladung zu unserer wissenschaftlichen Veranstaltung Endo-Ferti-Forum

Briicke(n) zwischen Unikliniken und Praxen an Rhein und Main(z)

— die aus dem bisherigen Format ,Ferti Forum* ab 2026 hervorgeht —

Freuen Sie sich auf spannende Vortrage und den lebendigen Austausch mit Kolleg:innen und Expert:innen aus Klinik und
Praxis. Freitagabend laden wir Sie herzlich zu einem entspannten Empfang ein —
eine perfekte Gelegenheit, Kontakte zu kniipfen und den Tag genussvoll ausklingen zu lassen.

Wissenschaftliche Leitung: Univ.-Professorin Annette Hasenburg, Dr. Susanne Theis, Universitatsmedizin Mainz,
Sanitatsrat Dr. Werner Harlfinger, BVF Rheinland-Pfalz Dr. Rudiger Gaase, BVF Hessen Dr. Klaus J. Doubek

Schirmherrschaften: Prof. Nicole Sanger, Uniklinik Bonn, Prof. Jan-Steffen Krissel, Uniklinik Diisseldorf,
Dr. Annette Bachmann, Uniklinik Frankfurt am Main, Prof. Christine Skala, Uniklinik K&In

Weitere Informationen
& Anmeldung unter




From classical to molecular physiology

and back again

N. Einer-Jensen’, H. F. R. Hunter?

Combining classical organ physiology with cellular and molecular approaches would create a symbiosis. Local effects due to local counter-current transfer of
signal substances are underestimated. The authors have included suggestions for future experimental evaluation of these points.

This essay is an attempt to document the potential benefits if traditional organ physiological science is revitalised and combined with cellular and mo-
lecular physiology. This should create a symbiotic effect. Suggestions taken mainly from reproductive physiology are mentioned, as are possible benefits, not
least if applied in clinical situations. These include a) gamete and embryo culture systems with computerised control of specific temperature shifts, b) estab-
lishment of a very early pregnancy factor in women, c) using procedures of local counter-current brain cooling in hyperthermic emergencies, and d) applying
nasal or rectal counter-current physiology in therapeutic situations. J Reproduktionsmed Endokrinol 2014; 11 (5-6): 280-5.

Key words: counter-current transfer, hormones, blood vessels, local application, local effects

B Introduction

The authors are no longer young and
started working on experimental studies
in physiology soon after the unravelling
of DNA and invention of the electronic
library. In those days, physiology was
mainly in vivo and in vitro organ physiol-
ogy, and research tried to describe the in-
teraction between cells and organs [1].
During our careers, we have seen the de-
velopment of cellular, biochemical and
molecular physiology. The new disci-
plines are certainly successful and have
produced dramatic results and major
steps forward, while traditional physiol-
ogy has starved — it seems to be out of
fashion. Nonetheless, there has been de-
velopment of modern electronic equip-
ment, improved quality of experimental
animals and procedures of anaesthesia
etc., yet these are still not fully utilized.
Clinical pharmacology investigations fi-
nanced by industry are common, while
basic clinical physiological research has
suffered. As a result, references in the
present article tend to be historic.

The paragraphs that follow concern
physiological integration between differ-
ent organ systems, such as the impor-
tance of the cardio-vascular system for
organ function and organ interaction. It
is much more than a simple transfer of a
substance from A to B. Attempts will be

made to pin-point research results which
could not have been created in test tubes
alone. We will also suggest areas in need
of more information and further research
in domestic animals and humans. Most
examples are taken from reproductive
physiology since this is the research field
of the authors. Without doubt, compara-
ble examples could be taken from other
areas.

The authors do not want to downgrade
the importance of any type of biochemi-
cal or molecular physiology research and
knowledge, but rather wish to strengthen
an understanding of the interactive as-
pects of physiology. Test tube physiolo-
gy may be suitable to describe the func-
tion of an E. coli bacterium but it is in-
sufficient to describe the function of a
mammalian organism. The suggestion is
to use the best of both worlds by reinves-
tigating classical physiology and com-
bining it with the latest cellular and mo-
lecular techniques to obtain new knowl-
edge. Such symbiotic studies represent a
way forward.

Young scientists perform literature
searches with a computer. One conse-
quence of this approach is that scientific
activities and reports older than the rath-
er recent computer age are overlooked or
reinvented. This fact of modern life
seems unavoidable. Young people never

do as told. Mature scientists may dimin-
ish the loss or damage by publishing re-
view articles in good journals (e.g. [2,
3]). This will transfer old knowledge to
the present databases.

Evolution of mammalian organisms has
taken millions of years; the many special
arrangements so developed have a pur-
pose. There are of course differences be-
tween species, but also many similar
mechanisms and likewise different
mechanisms to achieve the same physio-
logical goal. In most aspects, man seems
to behave as a typical mammal. As a con-
sequence, we may be able to answer
some parts of the following questions,
but further development of knowledge
should keep future generations of physio-
logists usefully occupied and intellectu-
ally stimulated.

B Integration between the
Circulatory System and
Organs of the Reproduc-
tive-Endocrine Systems

Humoral regulation is a transfer of regu-
latory substances from one cell (group of
cells or whole organs) to another system
of cells. “Regulatory substances” covers
a broad range of substances, including
traditional hormones, prostaglandins,
and regulatory peptides. Three types of
humoral distribution will be mentioned,
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Physiology, forward and back

the third point being the main topic of

this article:

1. Diffusion between neighbouring cells.
A signal substance may diffuse to an
adjacent cell through the extracellu-
lar fluid. This mode of action is
termed paracrine. The maximum dis-
tance is probably of the order of 10 p,
otherwise the substance will diffuse
into a capillary and the potential local
effect will be abolished. Transmitter
substances in the nervous system
may be placed in this group as a spe-
cial case with a closed diffusion
space.

2. There is a high density of capillaries
in every organ. The diffusion dis-
tance between a cell and a capillary is
minute. When locally produced mol-
ecules diffuse in the extracellular
space, they will, with a high proba-
bility, diffuse through a capillary wall
into the lumen and be carried away.
During the next passage of a capil-
lary, such molecules may diffuse
through the wall and extracellular
space into a cell and perform an ap-
propriate regulation. This mode of
action is endocrine and represents
traditional endocrinology.

3. Vessels to and from an organ, and
even within an organ, may be ana-
tomically very close and form a
counter-current transfer system. This
offers a local redistribution system
that creates increased concentrations
of locally-produced substances in the
neighbouring artery compared with
the aortic concentration. This in-
creased concentration may have a lo-
cal effect on other cell groups in the
actual organ or in other organs sup-
plied from the same local artery. This
mode of action could be called coun-
ter-current endocrine and is a com-
mon but frequently overlooked mech-
anism.

B Basic Rules underlying
Exchange from the Cir-
culatory System to and
from Organs

The vascular system is not a passive set
of tubes. Rather, it is a highly developed,
dynamic, and exceedingly complicated
system, which influences the transfer of
substances and where many of the sub-
stances being transferred have an impact
on the function of the exchange system
itself.

Diffusion in and out of blood vessels is
mainly a passive process. Small mole-
cules diffuse more effectively than larger
ones, but even substances with a molecu-
lar weight of 500 Daltons or more may
pass. Proteins will only pass to a minute
degree. Lipophilic substances diffuse
more effectively than hydrophilic sub-
stances of the same molecular weight. A
low blood velocity in capillaries will fa-
cilitate equilibrium of substances be-
tween extracellular fluid and plasma. Ex-
cess fluid in the extracellular space (oe-
dema) will delay diffusion to and from
the capillaries and may disrupt normal
capillary flow; substances will not be
transferred properly.

Many substances are bound effectively
to plasma proteins (a single albumin and
diverse globulins); close to 100% bind-
ing is common. Only the non-bound
fraction is physiologically active. When
a hormone diffuses from the production
site into the venous blood, it is not pro-
tein-bound. It remains free in the blood
for a limited period (seconds) before be-
coming bound; an equilibrium was not
reached in bovine plasma even after
10 sec [4]. When a substance is trans-
ferred from venous to arterial blood
through the walls of the vessels, it arrives
unbound. If the binding takes just a few
seconds, the free hormone will reach the
capillaries before binding. A small per-
centage of unbound substance will there-
fore increase the total of free hormone
substantially whereas the increase in to-
tal concentration will be small. Locally
transferred hormones may thus have a
huge impact. Plasma binding kinetics
under in vivo conditions remains a criti-
cal but almost overlooked topic.

Total blood flow through an organ may
differ from the total capillary flow due to
the presence of shunts. Functional arte-
rio-venous anastomoses doubling the to-
tal blood flow are present, for example,
in sheep ovaries without corpora lutea
[5]. The reason is not obvious.

Despite their low rate of flow, the lym-
phatic vessels are part of the local trans-
fer system as the hormone concentra-
tions are very high [6, 7].

B Questions Demonstrating
the Limitations of Knowl-
edge in Physiological Sci-
ence

Why is the Temperature of the
Testis and Epididymis lower
than Body Temperature?

It is basic physiological knowledge that
testicular temperature is 1-2°C or more
below deep body temperature in mam-
malian species with scrotal testes. The
cooler testicular venous blood is in close
contact with the artery in the Pampini-
form plexus and cools the arterial blood
[8]. The heat transfer is close to 100% ef-
fective, thus keeping the heat loss needed
through the scrotum to a minimum [9].
The head of the epididymis is supplied
from the testicular artery and therefore
has a low temperature. The low tempera-
ture in scrotal mammals is thought to be
essential for sperm maturation, including
both nuclear and membranous changes,
and for functioning as a cool storage site
for sperm before ejaculation. These pre-
sumptions may be correct and indeed es-
sential, but very large mammals like
whales and elephants have testes in the
abdomen. The reasons for a low temper-
ature in scrotal mammals have not been
clarified, although a possible reduction
in the incidence of germ-line mutations
is frequently mentioned.

What is the Importance of
Intra-Testicular and Testicular
Epididymal Signals?

One may postulate that cooling is just a
side effect of hormonal redistribution. It
is known that peptides and steroids are
transferred to the testicular arterial blood
in the Pampiniform plexus [10, 11].
Since the hormones are of testicular ori-
gin, they are recirculated to the testis and
epididymis, thus creating a higher tissue
concentration and essential effect local-
ly. The increase in total hormonal con-
tent may be limited, but the hormones
add significantly to the non-protein
bound fraction for a brief period. Very
few experiments have taken this into ac-
count.

Local transfer of testosterone in primates
has been found by several groups of sci-
entists [12, 13], but we still need infor-
mation about changes in the testis in-
duced by local hormone transfer. Local
peptides may be produced and trans-
ferred. They may be difficult to measure

J Reproduktionsmed Endokrinol 2014; 11 (5-6) 281



Physiology, forward and back

in peripheral blood samples due to dilu-
tion, although it could be possible to
develop molecular probes to detect the
levels in local samples. This would be an
example of combining traditional phy-
siology and molecular biology. Detec-
tion of peptides transferred via the local
vascular system would add to our under-
standing of the regulation of sperm de-
velopment. A testosterone binding pro-
tein in rete testis fluid was once thought
to be essential for the transport of testos-
terone from testis to epididymis, but it
may be of less importance due to the
local vascular supply of the hormone.

It could be tempting to stimulate testicu-
lar or epidymal function through appro-
priate intramuscular testosterone injec-
tions. The peripheral testosterone con-
centration in blood may increase. How-
ever, the overall testicular production
would decrease due to decreased stimu-
lation with gonadotrophins caused by
negative feedback from the peripheral
injection. In addition, the local influence
of counter-current transfer of testoster-
one could be abolished.

Why is the Temperature of
large Graafian Follicles lower
than in the rest of the Ovary?
The close apposition between the ovari-
an vessels in man was observed long ago
[14]. Such intimacy indicates a counter-
current mechanism, the presence of
which was confirmed more than 300
years later [15, 16]. Many animal experi-
ments in several species have also docu-
mented counter-current transfer [17].

Large pre-ovulatory follicles may be one
or two degrees Centigrade cooler than
the rest of the ovarian tissues [18, 19].
Nature has developed a local cooling
system for pre-ovulatory follicles within
a complicated organ positioned deep in
the abdomen. The cooling may be im-
portant for the development process of
the gamete or for the follicular tissues,
but we do not know why or how. It is un-
likely that evolution of such complicated
processes involving both male and fe-
male gametes does not have a purpose.
Fertility work involving follicle or oo-
cyte culture could be performed at an ap-
propriate reduced temperature although,
in reality, subtle changes in temperature
may be required. A computerized tem-
perature control program should provide
a way forward in this dynamic sphere.

282 J Reproduktionsmed Endokrinol 2014; 11 (5-6)

Cooling of the large follicles may be a
“side effect”, since all known vascular
networks exchanging heat energy also
transfer substances. Such local transfer
of regulatory substances may create a
not-yet-investigated local environment.
This is an area where traditional animal
experiments and molecular physiology
together may clarify a long-standing co-
nundrum.

What is the Significance of
Intra-Ovarian Signals?

The adult ovary is an organ with diverse
tissue types (follicles, corpora lutea, cor-
pora albicantia, interstitial cells) and a
cyclic function. Small follicles grow to
medium size and some of them are stim-
ulated to become mature, others to de-
generate. Follicular growth is influenced
by larger follicles and corpora lutea.
There is every reason to believe that
much of the ovarian regulation is local
through local diffusion between neigh-
bouring cells or through exchange be-
tween the ovarian vein and arterial blood
of steroids and peptides. Mid-size folli-
cles may be stimulated or inhibited by
hormones from one or several large fol-
licles. Local recirculation of progester-
one from one or multiple corpora lutea
may also regulate follicular growth. The
fine-tuning of stimulation versus degen-
eration as well as the selection of the
large “successful” follicles are not fully
understood. Ovulations tend to shift be-
tween the ovaries in species with a single
ovulation (the shift is not obligatory) but
the tendency to alternation indicates that
a one-sided regulation is involved. The
field is open for investigation. In this
context, a regulatory influence of germ
cells should not be overlooked. Indeed,
one of the authors has proposed that the
oocyte acts as a centrally-located com-
puter, programming and integrating con-
versations with ovarian somatic cells
[20].

What is the Importance of Local
Signals from the Ovary to the
Fallopian Tube and Uterus?

The Fallopian tube receives the eggs and
sperm, and fertilization occurs here. The
young embryo(s) are maintained in the
tube for some days (2-7 days), depend-
ing on species. The tube is a highly de-
veloped organ, much more than a simple
conduit. Sperm transport and control of
their numbers in the Fallopian tube are
tightly regulated processes, as is move-

ment of the fertilized eggs (embryos)
stepwise through the tube. Nutrition of a
developing embryo is made available
through secretory processes in the tube.
Immunological suppression may occur
since the embryos contain foreign pro-
teins from the male genes. Signals de-
rived from the ovary prepare the tube for
a developing embryo [21, 22]. A branch
of the ovarian artery supplies the Fallopi-
an tube. Ovarian hormonal signals trans-
ferred in the vascular plexus will reach
the tube locally. In mono-ovulatory ani-
mals and man, progesterone and oestro-
gens will reach the ipsilateral tube in
“higher than normal” concentrations due
to local transfer. Since the function of the
tube is hormone-dependent, a local im-
pact must be expected — and the hormon-
al changes are not measurable in periph-
eral blood. The morphology and function
of the Fallopian tube on the ovulatory
and contralateral sides should be com-
pared during the ovulatory cycle in man.
Any difference between the two tubes
would strongly support ipsilateral mech-
anisms. It is improbable that progester-
one and oestrogens are the only regulato-
ry substances. Signal peptides may be
expected as well as prostaglandins. Here
again is a rich field for investigation
combining in vivo trials with molecular
techniques.

The ipsilateral aspect is documented in
man [23, 24]. During the follicular and
luteal phases, the border from either the
uterine or ovarian arterial supply is mov-
ing in the ipsilateral side of blood supply
during each ovulatory cycle. The ovula-
tory side is “preparing” the utero-tubal
junctional region to receive the develop-
ing embryo through oestrogen secretion
and later through progesterone secretion,
both hormones being transferred unilat-
erally to the ovarian and thus tubal arte-
rial blood. Observations suggest that
miscarriage is less likely if the embryo
implants in the ipsilateral fundus, again
supporting the unilateral aspect. It is sur-
prising that assisted fertility work is as
successful as it is when considering our
limited knowledge of early events in the
primate uterus.

What is the Purpose of Local
Signals from the Fallopian
Tube and Uterus to the Ovary?
The ovarian veins drain the ovary and
Fallopian tube and also parts of the uter-
us. Uterine blood supply may be an im-
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portant factor in the regulation of the
oestrous cycle [25]. This is a region in
which arterial supply and venous return
are not identical. In cows, sheep and
several other species, PGF2a is secreted
from the uterus late in the oestrous cycle
if fertilization fails or if eggs are retained
in the Fallopian tube or embryos fail to
implant — this is a non-pregnant signal
inducing degeneration of the corpus lute-
um. Counter-current transfer of prosta-
glandin takes place in the ovarian vein-
arterial plexus, the concentration in pe-
ripheral blood being hardly measurable
due to metabolism of the hormone dur-
ing the first pulmonary passage [26]. The
same mechanism is not present in man,
where a positive pregnancy stimulus
(hCG, human Chorionic Gonadotrophin)
is the accepted means of maintaining
corpus luteum function. hCG is measur-
able in peripheral blood a week after
conception, and commercially available
urine assay kits will confirm conception
after a missed menstrual period. hCG is
probably too large a molecule to be
transferred in the vascular plexus and an
active transfer mechanism has so far not
been documented. There is some indica-
tion that degeneration of the corpus lute-
um is prevented before the hCG level is
significantly increased.

Hormone-containing intra-uterine devic-
es (IUDs) are documented to be effective
in preventing pregnancies, whilst at the
same time diminishing side effects of
IUDs such as spotting and menstrual
bleeding volume. Observations indicate
that they also have an effect on ovarian
function (which could involve local
transfer mechanisms).

Concerning signals from the uterus to
the ovaries, there remain outstanding
questions. For example, at the end of the
luteal phase in pigs, there is controversy
as to the mechanism of establishing
pregnancy. In the presence of embryos,
the uterine luteolysin PGF2a is said to
be internalised into the uterine lumen
(exocrine secretion) rather than entering
the uterine veins [27]. However, results
from another laboratory using the pig
model show that high titres of PGF2a
can indeed enter the uterine veins at the
time of establishment of pregnancy
(Days 13-16). The explanation pro-
posed here was that luteotrophins from
the many elongated conceptuses over-
come the influence of uterine luteolysin

and permit establishment of the corpora
lutea of pregnancy [28]. Further studies
are needed to reconcile these differenc-
es. A potent local impact of multiple vi-
able conceptuses should not be over-
looked.

How soon does aWoman
know she is Pregnant?

Many years ago, an Australian group
postulated the presence of an ‘“early
pregnancy factor” (EPF) in serum [29].
The work was controversial because, in
the beginning, it was difficult to repeat
the Rosette test in other laboratories.
Nonetheless, later immunological inves-
tigations supported the idea. The putative
factor was found in pregnant women
[30]. This, together with the suspicion
that hCG may on occasions be produced
a few days too late to promote survival of
the corpus luteum, make more work
around EPF much needed. The present
authors postulate that the young embryo
secretes a “pregnancy signal” in minute
concentrations which is amplified by the
neighbouring suspension of follicular
cells [31]. The signal is detected by the
endosalpinx and induces a larger produc-
tion of the “real” early pregnancy signal.
Molecular biology should be applied in
suitable animal experiments to test this
hypothesis. The EPF may, especially
during the first days of a pregnancy, be
difficult to measure in peripheral blood
due to dilution. It may also be difficult to
investigate the topic in man for ethical
reasons, but it is potentially of consider-
able importance and could be performed
using in vitro culture material.

Only 15-30% of the implanted embryos
survive to give viable foetuses. This esti-
mate is based on the assumption that
most delayed menstruations are associat-
ed with early abortions. Vaginal proges-
terone treatment following egg transfer
seems to increase the pregnancy rate to
the normal range, but treatment with
EPF, if it ever becomes available, may
improve the outcome. Women some-
times describe “being sure” of their preg-
nancy a few days after conception, but a
clinical trial around the issue is missing.
A key trial could involve weekly blood
samples from “just married women”
lacking any contraception. hCG, EFP,
and progesterone concentrations should
be correlated with the subjective experi-
ences of the women (when did you feel
pregnant?).

Why is the Adrenal Gland Pro-
ducing both Adrenalin and
Corticosteroids?

The adrenal gland is a morphologically
unusual combination: the cortex produc-
ing corticosteroids develops from meso-
derm and the adrenalin producing me-
dulla originates from ectoderm, combi-
nation of distinct tissues also exists in the
pituitary gland. A probable explanation
for this arrangement is that adrenalin
producing tissues benefit from the close
contact with the corticoid producing tis-
sue [32]. It has been suggested that local
transfer of corticoids from the small
veins to the adrenal artery takes place
and facilitates adrenalin production.
Medication with corticoids will suppress
the cortical production of hormones and
this may influence adrenalin production.
This possibility appears not to have been
been investigated with modern tech-
niques.

What is the Purpose of a Cool-
ing Mechanism to the Brain?
The survival of a mammal is threatened
if the body temperature increases by 5°
or 6° C; the first organ to be damaged is
the brain. Running (fight or escape), fe-
ver and environmental heat stress may
thus be life-threatening. A brain cooling
mechanism has been documented in ru-
minants including camels, likewise in
pigs and rats [33]. A cooling mechanism
has also been postulated in the horse and
man. Respiratory air cools the nasal cav-
ity and therefore the nasal venous blood.
Heat energy is exchanged between this
blood and carotid blood in the plexus,
decreasing the temperature by several
degrees Centigrade in carotid blood. In-
creased respiration due to running or
heat stress will increase the cooling ef-
fect. Auto-regulation prevents cooling if
the brain temperature is normal or low;
the blood will be redirected from the
deep veins to superficial veins before
reaching the jugular veins.

The mechanism has not been fully docu-
mented in man. In clinical studies, pres-
sure and temperature probes are used in
hypothermic patients, but the brain cool-
ing thesis cannot be tested in this group
of patients as the cooling mechanism is
shut down in the hypothermic patient by
an auto-regulatory mechanism. Weis et
al. [34] have suggested a new method for
temperature measurements in man based
on Magnetic Resonance Spectroscopy
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Imaging (MRSI). We suggest a pre-hos-
pital investigation on intubated, potential
or actual hyperthermic patients: flush the
nasal cavity in intubated patients with air
or oxygen before arrival at the hospital.
One logical consequence is that brain
damage should be less extensive.

Does a Local Hormonal Ex-
change System exist in the
Brain?

The short answer is “yes”. Steroid trans-
fer from nasal vein blood or the nasal
cavity has been demonstrated in isolated,
perfused pig heads [35]. Transfer of sev-
eral substances has also been found from
the nasal cavity in rats [36]. It should be
possible to treat patients by way of nasal
application to obtain higher brain arterial
concentrations than indicated by periph-
eral blood samples; one may call it a fa-
vourable therapeutic ratio. The topic is
under-explored, and human trials and
better animal models are needed. The
clinical possibilities are considerable.

Has the brain vascular transfer system
developed to favour brain cooling or for
signal substance transfer or both? Why
have comparable transfer mechanisms of
hormones evolved in the brain, the testis
and the ovary? The physiological advan-
tages must be significant. Could molecu-
lar studies give guidance here? Regula-
tion of temperature is critical for nuclear,
cytoplasmic and membrane function.

Are hormones distributed by
the Peritoneal Fluid?

The peritoneal cavity is not passive, and
its ability to combat infections is well
known. However, the possible involve-
ment of the peritoneum in distribution of
hormones is seldom appreciated [37].
Man is predominately mono-ovulatory.
In each cycle, the ovary producing the
dominant follicle and corpus luteum cre-
ates a unilateral hormonal sphere influ-
encing the function of the nearby organs
(Fallopian tube, tip of uterus) [38]. The
local hormonal environment is mainly
created by local transfer of hormones be-
tween the blood and lymph vessels, and
also by post-ovulatory leakage from the
ruptured follicles which have elevated
steroid concentrations in the coagulated
follicular fluid. Local concentration dif-
ferences in steroid hormones have been
found in peritoneal fluid, and peritoneal
fluid is in contact with the endosalpinx.
Pre-ovulatory oestrogens and post-ovu-
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latory progesterone in peritoneal fluid
may influence diverse functions of the
Fallopian tube. Peritoneal fluid may
therefore prove part of the explanation
for a local regulation.

Hormones in peritoneal fluid may in-
clude not only those derived from the
ovaries, but also from the intestines, its
mesenteries and associated deposits of
adipose tissue such as leptin. In this re-
gard, post-operative surgical adhesions
developing between the uterus and intes-
tines in pigs induce maintenance of the
corpora lutea, an observation corroborat-
ed by suturing together 15-20 cm por-
tions of corresponding uterine and intes-
tine tissues [Léglise PC, Hunter RHF,
1968, unpublished observations].

Why is Drug Administration via
the Nose, Oral Cavity, Rectum,
and Vagina not yet universally
accepted when enhanced local
Effects can result from such
Treatment?

The short answer is: lack of knowledge
and little discussion in the medical
school curriculum.

There are many advantages in these spe-
cial routes of administration. However,
interest in such routes is limited and few
investigations have been made. There
may even be a built-in negative bias: pa-
tients and doctors do not like it, it is a
nuisance; both groups want oral pills or
injections. Rectal or vaginal treatment
used to be quite common but it gradually
went out of fashion. This was before the
distinct benefits of local drug adminis-
tration were documented. Doctors and
veterinarians introduced long-acting an-
tibiotics and sulphur pills, oil suspension
or implants into the uterus or rectum.
The dose was smaller than for general
treatment (penicillin was expensive in
those days) and, especially in ruminants,
the effect on the stomach microflora was
less dramatic. Few treatments survived:
progesterone (gestagen) containing “va-
gitories”, the treatment seemed success-
ful in preventing early abortions after
embryo transplantation; and sublingual
application of nitroglycerine against an-
gina pectoris. Vaginal application of oes-
trogens may also be useful to treat incon-
tinence, since local transfer of substanc-
es takes place from the vagina to the
uterus and bladder. The underlying ratio-
nale is that the first-pass liver metabo-

lism is avoided and a local favourable
therapeutic ratio induced.

Counter-current transfer mechanisms

add a new argument for local treatment,

and the following comments will indi-
cate the possibilities:

1. Intubated individuals with a high
body or brain temperature should an-
ticipate less brain damage if air is
blown into the nasal cavities to cool
the brain arterial blood. Clearly, this
will not work at low body tempera-
tures, but it does offer a safe and eas-
ily applied pre-hospital tool.

2. Drugs in nasal sprays may be locally
transferred to brain arterial blood,
and this partly specific treatment
would favour the CNS compared to
the peripheral nervous system. The
system works in some animal species
and possibly also in man. The docu-
mentation remains weak and further
studies would be valuable.

3. Oral deposition of drugs has a special
use at present: nitroglycerine under
the tongue to enhance cardiac circu-
lation. This is a proven quick and ef-
fective treatment — one may think of
other possibilities.

4. Rectal administration has also a prov-
en history, but patients tend to dislike
the method. A first pass of the liver is
avoided. The vascular supply to the
distal 5-10 cm of rectum indicates
that local transfer to the uterus and
bladder may take place. In gynaeco-
logical cases, the rectum may be as
useful in this respect as the vagina. In
the male, rectal administration could
be used for local treatment of bladder
and prostate problems, but systemat-
ic investigations are needed.

5. Vaginal administration may be useful
under specific circumstances. At
present it is the most widely used ap-
plication exploiting the advantages of
a local counter-current transfer sys-
tem. It is probably often used without
knowledge of the local transfer. Vagi-
nal administration of small doses of
oestrogens (pills glued to the vaginal
wall) tends to diminish incontinence
in mid-aged women. Administration
of progesterone after embryo transfer
seems effective in preventing early
abortion. Vaginal introduction of
prostaglandin is used after adminis-
tration of anti-gestagens in early
pregnancy to induce uterine contrac-
tions and abortion.
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B Conclusion

The authors believe that studies combin-
ing classical organ physiology with cel-
lular and molecular approaches would
create a symbiosis that should increase
our present knowledge dramatically.
Furthermore, we believe that local ef-
fects due to local counter-current transfer
of signal substances are underestimated
and should always be included when dis-
cussing regulation of any organ function.
The authors have included various sug-
gestions for future experimental evalua-
tion of these points.
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