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The use of estrogen, in some women, for the
relief of the severe neurovascular disturbances of
the menopause is an established therapeutic meas-
ure (1, 2, 3, 4, 5, 6) although its specificity may
be doubted in certain instances (1, 7). In spite
of its failure to act in all cases there is no doubt
that in the majority of selected patients the relief
is specifically attributable to the estrogen.

Injection of this hormone is followed by a re-
duction in the gonadotropic hormone content of
the blood and urine (2, 6), and usually a sub-
sidance of the vascular disturbances. We are
uncertain as to whether the reduction in the
amount of gonadotropin in the urine is directly
related to the symptomatic relief, or only indi-
rectly so through a more deep-seated response of
the body to the hormone. Not all climacteric
women having a high gonadotropin content in their
urine suffer from neurovascular disturbances.
Consequently, the mechanism of the action of es-
trogen on the circulatory system remains to be
defined. The present experiments were designed
to obtain some objective measure that might be
useful in this respect.

While it is generally recognized that estrogens
are without demonstrable effect upon the mean
level of arterial blood pressure (8, 9, 10, 11, 14,
15), evidence is accumulating to show that the
effects of estrogen on the peripheral circulation
are quite widespread throughout the body, and
are of a definite character. The following facts
indicate this: the injection of estrogen causes
swelling and changes in the water content of the
sex-skin in certain primates (12) ; estrogen causes
engorgement of the vessels in the nasal mucosa,
including that of women (13); the injection of
estrogen in the human is followed by a fall in
capillary pressure and dilatation of the nail-bed

1 Supported by grants from the Committee on Endo-
crine Research of the National Research Council, the
Committee on Scientific Research of the American Medi-
cal Association, and in part by a grant from the Josiah
Macy, Jr. Foundation.

capillary vessels (14) ; estrogen causes a decrease
of venous pressure in the hand (15) ; and, finally,
estrogen causes a change in the water content of
the skin of the rat within a few hours (16) which
is qualitatively comparable to that occurring in
the uterus and vagina (16, 17). This list is ex-
tended in the present work by observations on
changes in skin temperature and in finger-volume
following the injection of estrogen. An increase
in finger-volume, without venous occlusion, is in-
dicative of an augmented capacity of the small
blood vessels in the fleshy parts of the finger,
while changes in the temperature of the skin
reflect alterations in the local rate of blood flow
(18).

SUBJECTS, PREPARATIONS AND METHODS

Since the observations were intended to be of
a preliminary nature, adult human males were
used in this study in order to establish a con-
venient objective criterion of the peripheral vas-
cular action of estrogen. It was deemed unnec-
essary and perhaps unwise to use female subjects
with normal menstrual cycles, for a more com-
plete study of the vascular actions of estrogen in
menopausal women will logically follow this pre-
liminary study. The subjects, twenty in all, were
eighteen men in the third decade of life and two
in the fourth decade, all believed to be in good
health at the time and apparently normal in every
respect. One subject (J. di P.), however, had
a positive chest-plate three months after the ex-
periment, although it is not probable that inci-
pient tuberculosis would affect, or be affected by,
the estrogen.

Single observations on the effect of the estro-
gen were made on all subjects with the exception
of three who received two injections of estrogen,
and one subject who received nine injections. In
all but one of the positive cases noted in Table I,
corn oil alone was used at least once. No indi-
vidual received more than one injection of the
hormone in any one week. The subjects either
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TABLE I
Summary of data from adult human males receiving estrogen
intramuscularly
(See text for description)
Fi L La- | Time P 1ad
. inger-| In- [tent| to ostural adjustment
Subject volume peri-| maxi- skin temperature
od | mum
cc. | ber |mene| mon- 10 minutes standing
G.W.D. 12 3.25 6 60
RH....... 12 3.83 6 36
M.M....... 18 3.00 2 15
SM.... 14 7.50 31| 20
EM... 14 6.65 2 37 —0.8°C.
20 13.50 2 40
S.R.M.R. 10 3.80 1 30 -~ 0.8°C.
10 2.50 | 10 25
10 2.70 4 33
10 5.00 | 10 50
10 2.10 | 18 | 38 (Stilboestrol used)
10 2.00 | 14 30 (Stilboestrol used)
FAS...... 10 6.40 7 40 —-04°C.
CV....... 10 8.30 3 48 —0.7° C
W.F.H.. 15 4.80 3 37 -0.7°C
AHN... 12 3.30 7 50
FX.F... 21 0.80 2 20
R.EG... 11 (1.50) | 6 | (Leak in system; observation
discontinued)
11 (1.10) 2 | (Leak in system; observation
discontinued after 8 minutes)
(1]
(1] —04°C
[} —-10°C
0 —0.6°C
(/] —0.0° C.
(1]
(1] —-0.1°C
233 | 14 | 52 | (Gave positive nse to
2.10 6 27 corn oil vehicle alone)
1.70 4 30 | (Gave response to corn oil
vehicle alone) .

knew nothing of what was being injected, other
than that it was a harmless oily preparation, or
they knew that estrogen or the inert oil vehicle
was to be used. The exception to this was in
early experiments on one of us (S. R. M. R.),
at which time only the active hormone was avail-
able. After the first few observations the injec-
tions were made as unknowns.

The preparations used were Amniotin (Squibb),
containing 10,000 (predominantly estrone) units
per cubic centimeter, and the corn oil vehicle alone
prepared in ampules exactly like those containing
the estrogen. Stilboestrol (4:4’ dihydroxy a, 8
diethylstilbene, a synthetic compound having es-
trogenic properties), 1.0 mgm. per cc., was used
twice.2

In an experiment, the subject was seated com-
fortably, the arm supported snugly in a holder
so that a finger was held without constriction in
a volume-recorder of the type devised by Johnson
(19). The recording droplet oscillated with each

2 We are indebted to Dr. J. A. Morrell for generous
supplies of these preparations.
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pulse beat, with readings easily obtainable to 0.01
cc. Records were also kept of the temperature
in the plethysmograph, the room temperature, and
the skin temperature measured on the nail-bed of
the finger next to the one in the apparatus. The
temperature was recorded by means of a Leeds
and Northrop potentiometer designed especially
for measuring body temperatures and calibrated in
degrees Centigrade and degrees Fahrenheit. The
thermocouple was a twenty guage iron-constantan
junction; the system was sensitive to 0.1° C.
Each experiment consisted of a period of control
recording lasting twenty to sixty minutes. After
conditions became constant (except two instances
in which the subjects were nervous), injection
was made intramuscularly into the triceps muscle
of the free arm. Readings were made at two-
minute intervals for a period of twenty to forty
minutes, after which readings were made at four-
or five-minute intervals until from fifty minutes
to an hour had elapsed.

RESULTS

The results noted in detail in Table I are sum-
marized in Table II. Here it will be seen that

TABLE II
General summary of data contained in Table I
Number Aver-
b{::,“' of re- | R;;e Aver- | Aver- | age
Types of response of sponses mt’o age age | time
to estrogen sub- | ttoge corn in- latggé to
. strogen R crease T maxi-
jects | “made oil pe mum
per min- | min-
. cent utes ules
Positive
response to
estrogen....... 12 19 0 4.6 | 5.7 {359
Negative
response to
estrogen....... 6 7 - 0 0 0
Positive
response to
estrogen and
cornoil........ 2 3 + 20 | 8 36.0

two main types of response were obtained. In
some subjects there was no discernible effect of
estrogen upon finger-volume or skin temperature
(six subjects) while in others (twelve subjects),
the finger-volume increased appreciably, although
there was no noticeable change in skin tempera-
ture. In general, the response had the following
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F1c. 1. REspoNSE oF INCREASED FINGER-VOLUME TO THE INJECTION oF ESTROGEN
IN CorN Oi1rL (top) AND To CorN OIL ALONE (bottom) IN A SUBJECT WITH A FINGER-

VOLUME OF 10 cc. IN THE PLETHYSMOGRAPH

features: Within three to fifteen minutes, the
volume of the finger begins to increase, not in-
frequently following a transient decrease (vaso-
constriction) resulting from nervousness at the
time of injection; the finger-volume becomes
steadily larger for at least half an hour, although
more often the period of change lasts from forty-
five minutes to an hour; the finger stays large
for a period in excess of the maximum time of
observation (two hours).

The average gross increase was 0.67 cc. (aver-
age finger-volume, 14 cc.), although this varied
considerably. In one subject (S. R. M. R,, finger-

volume, 10 cc.), the smallest change observed
was about 0.15 cc., the maximum, about 0.55 cc.
These observations were made between January
and July, although the magnitude of the response
did not appear to vary with the season. In sev-
eral subjects the response was as great as 0.9 to
1.0 cc. (finger-volumes of 12 to 14 cc.), or a
percentage change of 6.5 to 8.3. The average
percentage increase in finger-volume, however,
was only 4.6. In order to appreciate the extent
of this, it is necessary to note that the fleshy part
of four embalmed fingers comprised 56 per cent
of the total finger-volume. It is to this part of
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the finger that the vascular alterations are limited. The skin temperature remained constant or
Accordingly, the percentage increase is in reality fluctuated slightly, unless vasoconstriction oc-
about double the value stated here and in Tables curred. The temperature of the plethysmograph

I and II. likewise did not vary, despite the increased amount
6WD
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F16. 2. REecorps oF THE RESPONSE OF INCREASED FINGER-VOLUME TO ADMINISTRATION OF
EstroGEN 1IN Two SusjJECTS
Subject G. W. D. was nervous, as reflected in the variable base line during the control
period and the fluctuations in skin temperature, indicating alterations in the rate of blood flow
through the skin. Subject R. H. had a variable skin temperature at first, although this became
more constant as the finger-volume increased to a plateau.
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of blood in the finger. One must conclude, there-
fore, that the increase in the volume of the finger
after estrogen is not associated with a significant
increase in the rate of blood flow, and that the
heat dissipates rapidly as the finger-volume change
takes place slowly. It has been characteristically
observed, however, that, in some subjects much
more than in others, the initial phase of the rise
in finger-volume is associated with a transient
feeling of warmth over the body, and especially
over the face, neck, chest and upper arms. Occa-
sionally there is a feeling of clamminess as the
subject perspires. At such times the finger-volume
may diminish owing to vasoconstriction resulting
from the cool stimulus that necessarily follows
loss of heat by rapid evaporation of sweat. This
sensation should in no way be construed as a
simulated menopausal flush since it is the normal
response of the body to stimulation of warm re-
ceptors as the warm blood first moves into the
skin. The mechanism is in all probability com-
parable to the paradoxical cold and warm sensa-
tions that can be elicited in normal persons under
suitable circumstances (20).
 Differing from either of the two types of re-
sponse described above is a third which occurred
in two subjects (H. M. and A. DiB.). In these
cases, an increase in finger-volume was observed
after injection of Amniotin, although an equally
large response was obtained after injection of the
corn oil vehicle alone. Consequently, these two
subjects are not included in the group of indi-
viduals considered to have responded specifically
to the estrogen.

DISCUSSION

Variations in response to estrogen. As noted
in Table II, approximately two-thirds of the sub-
jects responded to injection of the estrogen. Six
subjects showed no response whatever. The rea-
son for this is not known. Unsuccessful attempts
have been made to correlate the failure to respond
with other conditions (e.g., blood pressure levels,
skin coloring, constitutional type, vasomotor in-
stability, tendency to perspire, sensitiveness to
heat and cold, etc.). There is but one correla-
tion that appears suggestive, namely, the vaso-
motor adjustment that takes place in the skin of
the lower leg during the first ten minutes of
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standing from a reclining position (¢f. 21). The
data suggest that those subjects who fail to re-
spond to estrogen show less marked vasoconstric-
tion of the skin vessels (fall of skin temperature)
upon standing than do those who respond to
estrogen. One exception to this was noted, how-
ever, wherein the skin temperature diminished
one degree Centigrade after eight minutes, yet
the subject did not respond to the hormone
(C. L. S.). This subject was by far the most
muscular of the individuals used in these experi-
ments, although the bearing of this fact on the
problem at hand is not evident.

Whatever the reason for the failure of some
individuals to give the peripheral vascular re-
sponse to estrogen may be, the fact remains that
in a majority of the males studied in this series
the response to estrogen was prompt in onset
and definite in degree, while corn oil alone failed
to give such a response. Whether or not the
androgen level of a subject is a modifying factor,
serving to potentiate or inhibit the vascular re-
action to estrogen, is not known, although it is
probable that this and other unappreciated endo-
crine factors exert a modifying action on the vas-
cular response to estrogen.

Stite of the vascular action of estrogen. A num-
ber of considerations point to the fact that the
vasodilatation resulting from administration of
estrogen involves the smallest blood vessels,
namely, the capillaries and venules of the skin.
In the first place, if arteriolar dilatation were
involved, an increase in the rate of blood flow
would occur and this would bring about a sus-
tained increase in skin temperature. Such is not
the case, however. Secondly, Carloni observed
(14) that dilatation of the nail-bed capillaries
after administration of estrogen occurs with a
simultaneous decrease of capillary blood pressure.
Systolic and diastolic blood pressures in the
brachial artery are unaffected. This result could
be accomplished in subjects with normal blood
pressure only by vasodilatation beyond the ar-
terioles. Lastly, direct observation of the action
of estrogen administered intramuscularly to ovar-
iectomized rabbits proved that vasodilatation in
the ear of the rabbit involves the smallest blood
vessels lying beyond the arterioles (22). These
smallest vessels do not receive a sympathetic nerve
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supply (23), so it is necessary to conclude tenta-
tively that the vasodilating action of estrogen in
susceptible individuals is mediated by another,
possibly direct, mechanism. It would appear to
be significant in this respect that the dilating
effect of estrogen on the vessels of the rabbit’s ear
may be inhibited by prior injection of atropine
(22). This observation is in accord with the
effect of atropine on the intense hyperemia which
estrogen brings about in the uterus (14, 24). It
may be, therefore, that the peripheral vascular ac-
tion of estrogen upon certain parts of the systemic
circulation resembles qualitatively, though in min-
iature, the recognized effects of estrogen upon
the blood vessels of the uterus. Further work is
necessary to render this conclusion certain, while
its relation to the well-established effect of es-
trogen upon the neurovascular disturbances of the
menopause remains to be demonstrated by direct
observation upon women who require such treat-
ment.

SUMMARY

1. The effect of intramuscular injection of es-

trogen upon the volume and skin temperature of
the finger was measured in a group of twenty
adult human male subjects.
- 2. Approximately two-thirds of the subjects
showed an effect involving an increase in finger-
volume, commencing a few minutes after injec-
tion and continuing from thirty to sixty minutes.
A plateau level is attained which is sustained for
" the period of observation (maximum time up to
two hours). The average percentage increase in
finger-volume was 4.6. No change in skin tem-
perature was noted in such cases.

3. Injection of the corn oil vehicle alone (as
an unknown) had no such effect on finger-volume
in these subjects.

4. The character of the response, along with
other established facts regarding the vascular ef-
fects of estrogen, indicates that it depends upon
dilatation of the small vessels in the skin beyond
the arterioles. There is no measurable increase
in the rate of blood flow in the skin.

5. The failure of estrogen to bring about dila-
tation of the skin vessels in some subjects is
unexplained.

10.

12.

13.

14.

15.

16.

17.

18.

. Albright, F., Studies on ovarian dysfunction.

. Novak, E., Menopause and its management.
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