lerates, and the menopause occurs when the number of
primordial follicles has fallen to a critical number.??

The accelerated loss of primordial follicles in the perimeno-
pausal phase occurs in parallel with rising gonadotrophin
concentrations. It is not known, however, whether the rate at
which ovarian follicular reserve becomes depleted is regulated
primarily by factors within the ovary itself or whether the
accelerated follicular loss at this stage results from a primary
change in the control of gonadotrophins. Nor is the trigger
mechanism known, nor what determines the timing of
any altered neuroendocrine activity, particularly in the
perimenopausal phase. Clearly the timing of the phase of
accelerated follicular loss and its speed will determine age
at onset of the menopause. Is the -date of the menopause
genetically “programmed” for each woman or might it be
influenced through the neuroendocrine control of gonado-
trophin secretion? Could the time at which menopause occurs
be altered —forwards or backwards?

Factors such as parity, nutrition, race, and smoking
influence the age at the menopause by at most three years
either side of the normal median age. Some women, however,
have a premature menopause —before the age of 40; in a few it
occurs below the age of 30. Premature ovarian failure is
probably much commoner than generally appreciated. In a
series of 1001 women under the age of 40 presenting
consecutively with amenorrhoea at an endocrine clinic 8% had
never menstruated (primary amenorrhoea) (J Ginsburg et al,
fifth international congress on the menopause, 1987). Of the
remainder—that is, those with secondary amenorrhoea—
9% had raised gonadotrophin concentrations and were con-
sidered to have premature ovarian failure. Seven per cent of
this group had plentiful primordial follicles on ovarian
biopsy, which suggests resistance to gonadotrophins—the
resistant ovary syndrome. No ovarian follicles were found at
laparoscopy in the remaining 93%. The cause of premature
ovarian failure in the women without ovarian follicles was
iatrogenic—the result of chemotherapy or radiotherapy—in
12% and autoimmune failure in 3%. But in most of those with
premature ovarian failure no cause could be found for the
absence of ovarian follicles.

In women with premature ovarian failure it is not clear
whether fewer primordial germ cells migrate to the germinal
ridge in fetal life, whether the rate of multiplication up to the
fifth month of intrauterine life is reduced, whether the rate of
follicular loss thereafter is greater than normal, or whether
there is a combination of all three factors.

Almost all the factors reported to influence the age at the
menopause accelerate its onset. Yet if we knew what deter-
mined follicular atresia and its accelerated onset in the

perimenopausal phase could the process possibly be delayed
and the potential store of viable primordial follicles be
increased so that the menopause was delayed? Or is the limit
set by natural aging processes in the reproductive system as a
whole? Either way, knowledge of these factors and how they
are integrated could have important implications for both
regulating fertility and treating infertility.

JEAN GINSBURG
Consultant Endocrinologist,

Royal Free Hospital,
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Physiological importance of nitric oxide

An endogenous nitrovasodilator

Since 1867 doctors have prescribed, unwittingly, a class of
drug that mimics one of the body’s own chemical messengers.
One hundred and twenty years after Brunton first gave amyl
nitrite for the treatment of angina’' it was found that nitric
oxide, which is the active component of amyl nitrite, glyceryl
trinitrate, and other nitrovasodilators,’ is an endogenous
mediator.** The discovery of the “endogenous nitrovasodi-
lator’?*¢ has clear parallels with the discovery of the
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endogenous opiates (enkephalins and endorphins)’ and, even
more recently, with the identification of an endogenous
digoxin.®

Nitric oxide is synthesised from L-arginine by the vascular
endothelium and accounts for the biological activity of the
vasodilator endothelium derived relaxing factor.”* The
process is stereospecific and can be inhibited by a variety
of analogues of L-arginine, including N° monomethyl-L-
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arginine.®’ ' Once released, nitric oxide acts by stimulating
guanylate cyclase®'; its half life is in the order of a few
seconds,** and in solution it decays rapidly to nitrite and
nitrate.

Within the circulation the main actions of endothelium
derived nitric oxide seem to be dilatation of blood vessels® and
inhibition of platelet aggregation'? and adhesion.” The
endothelium acts as a signal transducer, sensing changes in
intraluminal flow" or chemical milieu*’ " and modifying the
output of nitric oxide accordingly. In many arterial beds
release of nitric oxide appears to be continuous, providing a
basal dilator effect’"; in these beds inhibition of synthesis of
nitric oxide leads to vasoconstriction.® '

There are strong hints that attenuation of the nitric oxide
pathway occurs in certain cardiovascular diseases. Atheroma
is associated with localised impairment of the release or effect
of nitric oxide, and this tips the balance in favour of
constriction and thrombosis.'>"” Alternatively, inactivation of
released nitric oxide might contribute to the vasospasm of
subarachnoid haemorrhage' as haemoglobin in the tissues
binds avidly to nitric oxide and prevents it from relaxing the
smooth muscle.” Indirect evidence suggests that a deficiency
of dilatation mediated by nitric oxide may be present in
essential hypertension,”? and, if generalised, this might
contribute to the increased blood pressure.’ '

Excess production of nitric oxide by the vasculature might
also lead to disease. Animal models of septic shock are
accompanied by the expression of a second distinct nitric
oxide synthase enzyme in endothelial cells? and in the smooth
muscle itself.”? The increased production of nitric oxide that
occurs after the appearance of this enzyme in the blood vessel
wall seems to contribute to the hypotension.?* Whether
induction of nitric oxide synthase also occurs in patients with
sepsis is not known, but the raised concentrations of nitrate
excreted during infection suggest increased synthesis of nitric
oxide.” Interestingly, the expression of the inducible nitric
oxide synthase is inhibited by corticosteroids,” # and this may
have therapeutic implications.
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Recently it has become clear that tissues outside the blood
vessel wall may also synthesise nitric oxide and that this
simple “inorganic” gas has a widespread role as a chemical
messenger between and within cells." Human platelets®
and neutrophils” synthesise nitric oxide, and within the
platelets the nitric oxide acts as an intracellular messenger,
regulating platelet function.” In other species macrophages
activated by certain cytokines kill micro-organisms and
tumour cells by synthesising and releasing nitric oxide.??
Central® and peripheral® * neurones release nitric oxide,
which may act as a neurotransmitter. Mast cells,* hepato-
cytes and Kuppfer cells, adrenal cells,* and kidney epithelial
cells® have all been reported to release nitric oxide.®’ In evo-
lutionary terms nitric oxide is a highly preserved mediator and
seems to be present in reptiles* and birds” as well as
mammals.

Better understanding of the L-arginine-nitric oxide pathway
has already given insight into the mechanisms of action of
current treatment. Most veins produce little if any nitric oxide
under resting conditions® and consequently are particularly
sensitive to exogenous nitric oxide in the form of the
nitrovasodilators. The same holds true for arteries with
endothelial damage.* This increased response to nitric oxide
seen in veins and certain diseased arteries, together with
possible local actions on platelets," " offers an explanation of
the efficacy of nitrovasodilators in angina.

Nitric oxide is a recent addition to the long list of local
mediators. It is now important to establish its contribution to
clinical pathophysiology. The challenge will be to manipulate
the different nitric oxide systems selectively; if this can be
done new treatments are bound to follow.

JOE COLLIER
Senior Lecturer
PATRICK VALLANCE
Wellcome Trust Fellow
Department of Pharmacology and Clinical Pharmacology,
St George’s Hospital Medical School,
London SW17 ORE

2

N

Radomski MW, Palmer RMJ, Moncada S. Glucocorticoids inhibit the expression of an inducible,
but not the constitutive, nitric oxide synthase in vascular endothelial cells. Proc Nail Acad Sci
USA 1990;87:10043-7.

Rees DD, Cellek S, Palmer RM]J, Moncada S. Dexamethasone prevents the induction by endotoxin
of a nitric oxide synthase and the associated effects on vascular tone: an insight into endotoxin
shock. Biochem Biophys Res Commun 1990;173:541-7.

24 Julou-Schaeffer G, Gray GA, Fleming I, Schott C, Parratt JR, Stoclet J-C. Loss of vascular

responsiveness induced by endotoxin involves L-arginine. Am ¥ Physiol 1990;259:H1038-43.

25 Leaf CD, Wishnok JS, Tannenbaum SR. Nitric oxide: the dark side. In: Moncada S, Higgs EA;

eds. Nitric oxide from L-arginine: a bioregulatory system. Amsterdam: Elsevier, 1990:291-9.

26 Radomski MW, Palmer RMJ, Moncada S. An L-arginine/nitric oxide pathway present in human
platelets regulates aggregation. Proc Natl Acad Sci USA 1990;87:5193-7.

Salvemini D, de Nucci G, Gryglewski R], Vane JR. Human neutrophils and mononuclear cells
inhibit platelet aggregation by releasing a nitric oxide-like factor. Proc Natl Acad Sci USA
1989;86:6328-32.

Hibbs JB Jn, Taintor RR, Vavrin Z, Rachlin EM. Nitric oxide: a cytotoxic activated macrophage
effector molecule. Biochem Biophys Res Commun 1988;157:87-94.

Steuhr D, Gross S, Sakuma I, Levi R, Nathan C. Activated murine macrophages secrete a
metabolite of arginine with the bioactivity of endothelium-derived relaxing factor and the
chemical reactivity of nitric oxide. ¥ Exp Med 1989;269:1011-20.

Garthwaite J, Charles SL, Chess-Williams R. Endothelium-derived relaxing factor release on
activation of NMDA receptors suggests role as intercellular messenger in the brain. Nature
1988;336:385-8.

Bult H, Boeckxstaens GE, Pelckmans PA, Jordaens FG, Herman AG. Nitric oxide as an inhibitory
non-adrenergic non-cholinergic transmitter. Narure 1990;345:346-7.

Gillespie JS, Liu X, Martin W. The effects of L-arginine and N“-monomethyl-L-arginine on the
response of the rat annococcygeus muscle to NANC nerve stimulation. Br J Pharmacol
1989,98:1080-2.

Salvemini D, Masini E, Anggard E, Mannaioni PF, Vane J. Synthesis of a nitric oxide-like factor
from 1-arginine by rat serosal mast cells: stimulation of guanylate cyclase and inhibition of
platelet regulation. Biochem Biophys Res Commun 1990;169:596-601.

Palacios M, Knowles RG, Palmer RM], Moncada S. Stimulation of soluble guanylate cyclase in
adrenal glands by nitric oxide. In: Moncada S, Higgs EA, eds. Nitric oxide from L-arginine: a
bioregulatory system. Amsterdam: Elsevier, 1990:481-4.

Schroder H, Schror K. Cyclic GMP stimulation by vasopressin in LLC-PK, kidney epithelial cells
is L-arginine dependent. Naunyn-Schmiedeberg’s Arch Pharmacol 1989;340:475-7.

36 Miller V, Vanhoutte P. Endothelium-dependent responses in isolated blood vessels of lower
vertebrates. Blood Vessels 1986;23:411-25.

Imaizumi Y, Baba M, Imaizumi Y, Watanabe M. Involvement of endothelium in the relaxation of
isolated chick jugular vein by S-hydroxytryptamine. Eur J Pharmacol 1984;97:335-6.

Vallance P, Collier J, Moncada S. Nitric oxide synthesised from L-arginine mediates endothelium
dependent dilatation in human veins in vivo. Cardiovasc Res 1989;23:1053-7.

Moncada S, Rees DD, Schulz R, Palmer RM]. Development and mechanism of a specific
supersensitivity to nitrovasodilators after inhibition of vascular NO synthesis in vivo. Proc Nail
Acad Sci USA 1991:88:2166-70.

2

w

2

~

2

o

2

-3

3

=3

3

3

[

3

by

3

=

3

©w

3

3

3

&

3

°

BM] voLuME 302 1 JUNE 1991



