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VITAMIN C AND WOUND HEALING*

II. Ascorbic Acid Content and Tensile Strength of Healing Wounds
in Human Beings
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N recent years, a considerable amount of evi-

dence has established the efficacy of vitamin C
in wound healing in animals. Lanman and In-
galls' first made direct measurements of the ten-
sile strength of healing wounds in guinea pigs
and found it decreased in the presence of scurvy.
we reported the results

In the preceding paper,?

Ficurs 1.

a high ascorbic acid content was found to be
much greater than that in those with low vitamin
C values.

Elaborating on the work of Lanman and In-
galls, Taffel and Harvey® studied the effect of par-
tial as well as absolute vitamin C deficiency on
the tensile strength of healing wounds in guinea

Method of Qbtaining Tissue for Ascorbic Acid Assay and Tensile-

Strength Determinations.

| — incision through skin and subcutancous tissue with cxcision of
a strip of skin for ascorbic acid assay (K); 2— fuscia stripped out
in the usual manner for rvepair of the hernia, and for ascorbic acid
assay (L), with an incision made in the fascia lata for 2 cm. distal
to the area stripped out; 3—incision in fascia closed with fine silk
stitches; 4 — skin closed in the usual manner.

of studies on the tissue ascorbic acid content of
similar wounds in guinea pigs and correlated this
with the tensile strength of these wounds. A
much higher concentration of vitamin C- occurs
in the wounds of animals on a high ascorbic acid
intake than in those of animals on a scorbutic
diet, and the tensile strength of wounds showing
*From the Medical and Surgical services, Massachusetts General Hospital.
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pigs. There was a slightly greater tensile strength
at four days after operation in animals with abso-
lute scurvy than in the normal controls. At six
days, the tensile strength was markedly inferior to
that in normal animals. None of the scorbutic ani-
mals survived for a longer postoperative period. In
their experiments, a state of partial scurvy was e¢-
tablished as follows: after a week on the scorbutic
diet supplemented by 5 mg. of ascorbic acid daily,
all vitamin C was withheld for two weeks, and
then 0.2 mg. of ascorbic acid was given on alter-
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nate days. Abdominal incisions were made after
ten days on this low vitamin C intake. It is ex-
tremely interesting that, although all the animals
showed unmistakable gross evidence of scurvy at
autopsy, tests for tensile strength on the healing
wounds showed a significant decrease below that of
normal controls only on the eighth and tenth days
after operation. Tests on the fourth and sixth
days showed no appreciable variation from the
controls, and those on the twelfth and fourteenth
days again approached normal.

The effect of prolonged reduced intake of vita-
min C on wound healing in an otherwise normal
adult human subject has been studied by Cran-
don, Lund and Dill* and by Hunt® In both
studies, the histologic appearance of the wound
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the same patient, followed by the administration
of large doses of ascorbic acid, showed no macro-
scopic or microscopic difference from the first
wound.

The present studies were undertaken in an at-
tempt to obtain further information regarding the
value of vitamin C in wound healing in human
beings, by means of direct observations on the
tensile strength of healing wounds and a correla-
tion of these with the tissue content of ascorbic
acid and plasma ascorbic acid levels.

MeTHops

Male patients admitted to the hospital for the
repair of inguinal hernias who were good surgi-
cal risks and on whom the use of fascia lata in

FASCIAL SCAR EXCISED
o
i

Ticure 2. Method of Subsequently Obtaining Tissue for Ascorbic Acid Assay and Tensile-
Strength Determinations.

The skin scar is excised (M), exposing the healing fascial scar (N), which is also
excised. The skin is then closed in the usual manner,

was used as an index of abnormal healing. Cran-
don, Lund and Dill found that adequate wound
healing occurred after the plasma ascorbic acid
had been zero for forty-four days and when the
white-cell and platelet ascorbic acid level was 4
mg. per 100 cc. A second wound, made when the
plasma ascorbic acid had been zero for one hun-
dred and forty-one days and the white-cell and
platelet ascorbic acid content had been at zero for
sixty-one days, failed to heal in a normal manner
after ten days, and showed lack of intercellular
substance and capillary formation on histologic ex-
amination. The intravenous administration of 1000
mg. of ascorbic acid daily for ten days brought
about microscopic evidence of good healing. Hunt?
reported histologic evidence of healing of an ex-
perimental wound in a subject who had been on
a reduced vitamin C intake for three months and
who had a blood ascorbic acid content of 0.34
mg. per 100 cc. A second experimental wound in

the repair was contemplated were selected for
these studies.

During the preliminary period of two to four
days, the plasma ascorbic acid was determined by
the method of Mindlin and Butler,® and the daily
urinary output measured by Bessey’s” method.
Throughout the hospital stay, these patients were
maintained on a diet containing 100 mg. of vita-
min C daily. Supplementary ascorbic acid was
given to some patients before and after operation,
as described in the case reports.

Studies were carried out on a total of 6 pa-
tients. Of these, 5 had unilateral hernias, and 1
had Dbilateral hernias.

The operations were performed under spinal
anesthesia, and the usual hernia repair was done.
Fascia lata was obtained through a longitudinal
skin incision about 8 cm. in length just above
the knee on the lateral aspect of the thigh. A
strip of skin, weighing about 2 gm., was excised
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from the edge of this wound for ascorbic acid
assay as a control biopsy. The fascia was re-
moved by means of a stripper, and in addition
to that necessary for the hernia repair, enough
was removed for ascorbic acid assay. The tissue
ascorbic acid content was determined on the ex-
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Ficure 3. Method for Determining the Tensile Strength
of Healing Scars in Skin and Fascia.

T'he apparatus consists of a 5-cc. glass syringe, with
collars mounted on the barrel and plunger (Aa and
Bb). On each collar a bar is attached, pivoted at its
center (A and B). Two pins (D), spaced 1 cm.
apart, are mounted on each bar, and the tissue to be
tested (M or N) is placed on these four pins. Ten-
sion is applied by weights on the platform. The pull
pecessary fo rupture the scar is recorded in grams.

- cised skin and fascia by the method described by

Bessey™ and previously employed in our animal ex-
periments. Distal to the area of excised fascia,
a longitudinal incision 2 cm. in length was made
in the fascia lata, parallel to its fibers, and this was
closed with interrupted sutures of fine silk. The
skin was then closed in the usual manner with in-
terrupted silk (Fig. 1).

The wound was allowed to heal for ten days,
the skin sutures being removed on the eighth
day. At the end of ten days, under novocain block
anesthesia, the skin incision in the thigh was ex-
cised with a margin of slightly less than 1 cm. of
skin on each side of the scar; the incision in the
fascia was excised with the same margin of tis-
sue (Fig. 2).

The tensile strength of the healing wound and
the tissue ascorbic acid content were determined
on the skin and fascia. In some cases, enough
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skin was available to allow duplicate determina-
tions. The tensile strength was measured by the
application of a direct pull on the healing scar,
as illustrated in Figure 3. The apparatus con-
sisted of a 5-cc. glass syringe, with collars mounted
on the barrel and plunger. FEach collar carried a
bar, pivoted at the center, bearing two pins spaced
1 cm, apart. The pivot provided an equalized pull
on the tissue mounted on the pins, when tension.
was applied by means of weights placed on the
platform.

As a result of duplicate determinations on por-
tions of the same skin scars, it became evident
that there was considerable variation by this
method, and we believe that only gross differences
should be considered significant.

Casg Rerorts

Case 1. A.A., a G5-year-old man, was admitted for re-
pair of a right inguinal hernia. The plasma ascorbic acid
was (.60 and 0.66 mg. per 100 cc. on two occasions he-
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Ficure 4. Case 1.

Determinations of ascorbic acid in the blood plasma,
in control biopsies of skin and fascia and in healing
skin and fascial scars are shown. Urinary excretion
of witamin C is recorded in twenty-four-hour
amounts, and the tensile strengths of the skin and
fascial scars are listed. Where columns are super-
imposed, the actual amount of each component is
the maximum height of the column above the
abscissa. :

fore operation, and no significant variation from this level
occurred following operation.

Control biopsies of skin and fascia from the left leg
were obtained at the time of herniorrhaphy. The skin

Rl
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showed an ascorbic acid content of 249 mg., and the
fascia one of 0.29 mg. per 100 gm. At the end of 10 days
the skin and fascia scars were excised. The skin showed
a tensile strength of 700 gm. and a vitamin C coatent of
4,04 mg. per 100 gm. The fascia scar broke at a tension
of 1600 gm. and contained 3.88 mg. of ascorbic acid per
100 gm. The complete data on this patient appear in Fig-
ure 4.

Cast 2. E.J. L., a 36-year-old man, was admitted for re-
pair of a left inguinal hernia. The preoperative plasma as-
corbic acid was 0.20 mg. per 100 cc. on two occasions, Con-
trol biopsies of skin and fascia lata showed a vitamin C
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Ficure 5. Case 2.

content of 0.99 mg. and 0.48 mg. per 100 go, respectively.
After healing for 10 days, the skin scar had a tensile
strength of 4200 gm. and an ascorbic acid content of 5.82
mg. per 100 gm. The fascia scar ruptured ar 1400 gm.
with a vitamin C content of 4.48 mg. per 100 gm.

In this patient, except for a transient drop after opera-
tion, the plasma ascorbic acid showed no significant varia-
tion during the postoperative interval, This transient
fall has been previously noted by various workers. The
studics on this patient are shown in Figure 5.

Case 3. J.S., a 2d-year-old man, entered the hospital
because of a left inguinal hernia. Two preoperative plasma
ascorbic acid determinations showed 0.31 and 0.26 mg.
per 100 cc. Control biopsies of the skin and fascia lata
were taken. The skin contained 0.84 mg. and the fascia
0,11 mg. of ascorbic acid per 100 gm. From the day of
operation, 1000 mg. of vitamin C was given daily, in ad-
dition to the 100 mg. contained in the regular diet. The
plasma ascorbic acid level rose promptly and remained be-
rween 0.68 and 101 mg. per 100 cc during the post-
operative interval. A corresponding rise in urinary output
of vitamin C occurred. '
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After healing for 10 days, the skin and fascia scars
were excised from the leg. The skin scar had a tensile
strength of 1500 gm, and an ascorbic acid content of 5.23
mg. per 100 gm. The Lealing fascia broke under a tension
of 1200 gm., with a vitamin C tissue level of 7.65 mg.
per 100 gm. The complete data on this patient appear in
Figure 6. :

] Case '4. F. W., a 62-year-old man, proved to be the most
interesting patient studied, He had bilateral inguinal her-
nias, which were repaired separately. He also had the
lowest preoperative plasma ascorbic acid level in the
group — 0,09 and 0.08 mg. per 100 cc. on two determina-
tions. There was no clinical evidence of scurvy.

At the first operation, the right hernia was repaired,
and control biopsies of skin and fascia were obtained from
the left leg. These tissues both showed a tissue ascorbic
acid level of zero. No ascorbic acid, other than the 100
mg. daily in the diet, was given after operation, and the
plasma ascorbic acid remained at the same fow level.

At the end of 10 days, the left hernia was repaired,
fascia from the right leg being used, and control specimens
of skin and fascia were obtained from the new incision. They
also showed a zero level of ascorbic acid. At the same
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Figure 6. Case 3.

time, the 10-day-old scars in the skin and fascia of the
left leg were excised. The skin scat had a vitamin C level
of 0.67 mg. per 100 gm. and 2 tensile strength of 400 gm.
(average of two determinations). The healing fascia had
a tissue level of ascorbic acid of zero and ruptured at a
tension of 300 gm.

The patient was then given 1000 mg. of ascorbic acid
by mouth daily, in addition to that in the regular diet,
and the blood ascorbic acid promptly rose to above 1.0 mg.
per 100 cc. and remained at this level, with a correspond-

_ing increase in the urinary output of ascorbic acid,

“
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Ten days after the second operation, the healing skin

from the back, together with a margin of surrounding
and fascia scars were excised from the right leg. An

normal skin.

ascorbic acid assay on the skin gave a result of 6.77 mg.
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Ficure 7. Case 4.

Tissue assay of vitamin C on the conirol biopsies
of the skin and fascia at both operations and of the
healing fascia excised at the second operation were
all zero, and so do not appear.

per 100 gm., and the scar separated with a pull of 1200
gm. {(average of three determinations). The fascia con-
tained 5.73 mg. of vitamin C per 100 gm., and the scar
had a tensile strength of 1800 gm. Figure 7 shows the re-
sults of these studies in graphic form.

Cast 5. A.D., a 26-year-old man, was recommended
for admission to the hospital because of a left inguinal
hernia. The plasma ascorbic acid was found to be 0.26
mg. per 100 cc., and he was given 200 mg. of vitamin C
daily for 2 weeks prior to admission. After a week, the
plasma ascorbic acid was 0.98 mg. per 100 cc, and on
admission it was 0.8] mg. The patient was given the
same dose (200 mg.) of ascorbic acid daily in addition
to 100 mg. in the diet, and on the day of operation the
plasma ascorbic acid was 0.87 mg. per 100 cc. The hernia
was repaired, and skin and fascia were obtained from the
right leg for vitamin C assay. The skin contained 0.78 mg.
and the fascia 0.17 mg. of ascorbic acid per 100 gm.

Except for the day of operation, when no ascorbic acid
was given, the daily intake was maintained at a total
of 300 mg. of vitamin C daily. Ten days after operation,
the healing skin and fascia scars were excised from the
leg. In addition, a small pigmented nevus was removed

The healing skin showed 5.54 mg. of ascorbic acid per
100 gm., and the scar ruptured with a pull of 600 gm.
(average of three determinations). The fascia had a
vitamin C level of 7.24 mg, per 100 gm. and a tensile
strength of 1100 gm. The pigmented nevus was discard-
ed, and the surrounding skin was assayed for vitamin C.
A level of 1.88 mg. per 100 gm. was obtained. These
studies appear in Figure §.

Cast 6. T.D., a 48-year-old man, was admitted to the
hospital because of a large left inguinal hernia. A plasma
ascorbic acid determination 2 weeks before admission
showed a level of .73 mg. per 100 cc. The patient was
given 600 mg. of vitamin C daily, and this was continued,
together with the 100 mg. in the regular diet, until 10
days after operation, except for the day of operation, when
he received none. The plasma ascorbic acid was 1.26
mg. per 100 cc. on admission, and except for a transient
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Figure 8. Case 5.

drop after operaton, it remained above 1.0 mg. per 100
ce. until the supplementary dose of vitamin C was with-
drawn.

At operation, the hernia was repaired with fascia from
the right thigh, and control biopsies of the skin and fascia
lata were obtained. The skin contained 1.63 mg. and the
fascia 0.20 mg. of ascorbic acid per 100 gm.

After 10 days, the healing skin and fascia scars were
cxcised from the leg. A pigmented nevus on the same
leg, but at some distance from the healing arca, was also
excised, with a margin of normal skin. The healing skin
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had an ascorbic acid content of 4.64 mg, per 100 gm., and
the scar ruptured at a tension of 1600 gm. (average of
four determinations). The fascia scar contained 6.79 mg.
of ascorbic acid per 100 gm. and had a tensile strength of
1700 gm. The skin surrounding the small pigmented
nevus showed a vitamin C level of 1.10 mg. per 100 gm.
These results appear in Figure 9.

Discussion

We have attempted to obtain information con-
cerning the importance of vitamin C in wound
healing in human beings by means of tissue ascorbic
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Ficure 9. Case 6.

acid determinations, contrasting the vitamin C con-
tent of ten-day-old healing scars in fascia and
okin with that of control biopsies of these tissuies
obtained at the time the incisions were made. Di-
rect tensile-strength determinations were also made
on the healing fascia and skin scars.

In the healing of an ordinary abdominal wound,
the strength of the fascia layer is of primary
value, and we are particularly interested in the
results of the determinations on this tissue. These
data have been assembled for convenient study in
Table 1.

With the exception of Case 4, we believe that
there is no significant variation in the behavior
of the healing fascia in the cases reported. A
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comparable rise in ascorbic acid content and tensile
strength is shown in spite of the variation in the
preoperative plasma ascorbic acid from 020 to 119
my. per 100 ce. In fact, in these 5 cases, the
highest apparent tensile strength (2400 gm.) was
found in the paticnt with the lowest preoperative
plasma ascorbic acid (020 mg. per 100 cc.).

Except for Case 4, the ascorbic acid contents of
the control biopsies of fascia were fairly consist-
ent, varying from 0.11 to 0.48 mg. per 100 gm., with
an average of 0.25 mg. Incidentally, this was con-
siderably lower than the average vitamin C con-
tent of the control skin biopsies in these same
paticnts, which was 135 mg. per 100 gm.

The healing fascia scar showed a marked rise
in ascorbic acid content in every case, ranging
from 388 to 7.65 mg. per 100 gm.,, with an aver-

Tapie 1. Studies on Healing of Human Fascia,

Pre- CONTROL Trr-1ay OLp Scar
DPERATIVE, Blopay TIRSUR
Prasma T1sseE AsCUR- TENSILE
Casi. No, ASCORBIC ASCORBIC R STRLNGTH
Actn Acin ACID
mg./ 1 wry. /100 mg. /100 gm.
. ant. JSCR
1 0.63 [t 3.88 1600
2o 0.20 (.48 4.48 2400
3o 0,29 0.11 7.65 1200
S .84 0.17 7.4 1100
G e 11y 0.2 6.7%9 1700
Average ... 0.63 0.2% 6.01 1600
4 (first uperation) (109 0.0 049 300
(second operaton) 007 0.0 5.73 1800

age value of 6.01 mg. This is an average rise of
more than twenty-four times the control level.

The tensile strengths of these five specimens of
fascia varied from 1100 to 2400 gm., and averaged
1600 gm.

We believe that the values obtained on these 5
patients can be considered normal, and in this
aroup, even a plasma ascorbic acid level as Jow as
0.2 mg. per 100 cc. did not cause a significant vari-
ation from the normal in vitamin C content or
tensile strength of the healing fascia.

Case 4 offers a contrasting picture, which we
regard as significant, because the plasma ascorbic
acid was very low preoperatively (0.08 and 0.09
mg. per 100 cc. on two determinations), and be-
cause the presence of bilateral inguinal hernias of-
fered the opportunity for contrasting experiments
in the same patient. The first leg wound was al-
lowed to heal without vitamin C therapy, other
than the 100-mg. daily dose provided in the reg-
ular diet. During the ten-day healing period of
the second leg wound, this dictary intake was
supplemented by 100 mg. of ascorbic acid daily
given by mouth. The tissue ascorbic acid level
of the control biopsy of fascia taken at the time
of the first operation was z€ro. During the ten-day
healing period of this wound, the low plasma as-
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corbic acid level remained unchanged, and at the
end of this time the excised fascia scar still showed
an ascorbic acid value of zero and a tensile
strength of only 300 gm., or about one fifth of nor-
mal (1600 gm.). The control biopsy of fascia
from the second leg wound also showed a zero
value for ascorbic acid. This wound was allowed
to heal for ten days, 1000 mg. of ascorbic acid
being given orally each day in addition to the
regular diet. The plasma ascorbic acid promptly
rose to over 1.0 mg. per 100 cc. At the end of
ten days, the healing fascia scar was excised. Its
ascorbic acid content was 5.73 mg. per 100 gm.,
which is slightly lower than the average of 6.01
mg. per 100 gm. noted in the other cases. The
tensile strength of this fascia scar was 1800 gm.,
a figure slightly higher than the average of 1600
gm., for the other cases, and six times as high
as that (300 gm.) for the scar in the wound
in the other leg, which healed without benefit
of vitamin C therapy.

~ The results of the studies of vitamin C con-
tent and tensile strength of skin healing appear in
Table 2. These figures followed essentially the

TasLe 2. Studies on Healing of Human Skin.

Pre- CONTROL Ten-Day-OLp Scar
OPERATIVE Brorsy TISSUE
Prasha Tissue ASGOR-  TENSILE
Cask No, Ascorsic ASCORBIC BIC  STRENGTH
Acip Acip ACID
wg./100 mg. /100 mg. /100 gm.
ce. gm. gm.
1. 0.63 2.49 4.04 700
z . 0.20 0.99 5.82 4200
3. 0.29 0.84 5.23 1500
5 . 0.84 0.78 5.54 600
6 1.19 1.63 4.64 1600
0.63 1.35 5,05 1700
4 (first operation).... 0.09 0.0 0.67 400
(second operation) .. 0.07 0.0 6.77 1200

same pattern as those on the healing fascial scars,
‘although there was much more variation in the
tensile-strength determinations.

If we exclude Case 4 and accept the averages
of the other 5 cases as normal values, we find an
ascorbic acid content of the control skin biopsy of
1.35 mg. per 100 gm., which rose to 5.05 mg. in the
ten-day-old scar. ‘The average tensile strength of
these scars-was 1700 gm.

Case 4 showed an ascorbic acid level of zero in
the control specimen of skin, which rose only to
0.67 mg. per 100 gm. after ten days of healing
without vitamin C therapy other than the 100 mg.
daily in the diet. The tensile strength of this scar
was 400 gm., one quarter of the normal value.
The second leg wound showed no vitamin C in
the control skin biopsy. After ten days of in-
tensive vitamin C therapy, the scar had an ascorbic
acid content of 6.77 mg. per 100 gm., which is
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somewhat higher than the normal (505 mg.).
Its tensile strength was 1200 gm., as against 400
gm. for the untreated scar in the same patient,
and 1700 gm. for the average of the other cases.

We believe that Case 4 demonstrates conclu-
sively two important points: that a sufficient de-
pletion of vitamin C, reflected in a very low
plasma ascorbic acid, interferes with normal
wound healing, as measured by tissue ascorbic
acid content and tensile strength; and that, in
spite of a very low plasma ascorbic acid at the
time of operation, normal wound healing can be
brought about by adequate vitamin C therapy
during the healing period.

There seems to be no evidence from these stud-
ies that a plasma ascorbic acid level of 0.20 mg.
per 100 cc. indicates a sufficient depletion of vita-
min C to interfere with normal wound healing,
and this suggests that the generally accepted con-
cept that plasma ascorbic acid levels below 0.50
mg. per 100 cc. indicate significant vitamin C de-
pletion must be revised downward.

It was found in our work on guinea pigs that,
with an adequate vitamin C intake, not only the
tissues of the healing wound show a higher level
of ascorbic acid than the control biopsy, but a
similar though smaller rise is found in the ab-
dominal wall at some distance from the wound.
In 2 patients (Cases 5 and 6), specimens of skin
were obtained at a distance from the healing
wound at the time that the wound biopsy was
done. As shown in Figures 8 and 9, one of
these specimens showed a level of 1.88 mg. per
100 gm. in contrast to an original value of 0.78
mg. in the control biopsy, whereas the other
showed a decrease from 1.63 mg. in the control
biopsy to 1.10 mg. per 100 gm., in the normal skin
excised ten days later.

CoNCLUSIONS

A sufficient depletion of vitamin C produces a
decreased ascorbic acid content and tensile strength
in healing wounds in the skin and fascia of human
beings.

A fasting plasma ascorbic acid level below 0,20
mg. per 100 cc. must be reached before these
changes appear. ‘

In the presence of adequate vitamin C, the mag-
nitude of the rise in ascorbic acid content in heal-
ing fascial scars, compared with that of control
biopsies, is much greater than that shown by
healing skin scars,

In spite of a low plasma ascorbic acid level at
the time of operation, normal wound healing may
be produced by adequate vitamin C therapy dur-
ing the postoperative period.
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THE SO-CALLED “COAGULATION DEFECT” IN MENSTRUAL BLOOD#*

Euceng L. Lozxer, MD.,T Z. Eween Tayrog, M.D.E axo F. H. L. Tavior, PuD.§
(with the technical assistance of M. A. Adams and Harriet MacDonald)

BOSTON

THE Auidity of menstrual blood and its ap-
parent failure to clot have been the subject
of numerous investigations.'™ Although all ob-
servers agree on the existence of the phenomenon,
there is Little agreement concerning its cause. It
has been with equal enthusiasm ascribed to an
anticoagulant present in uterine cervical or vaginal
secretions, to the removal or absence of one or
more of the factors concerned with blood coagu-
lation and to changes in the circulating blood.
The existence of this form of incoagulable blood
is of interest to the investigators of blood coagula-
tion, since it represents a phenomenon that might
possibly be explained in the light of the newer
knowledge of the blood-coagulation reaction.

From a consideration of the theory of blood co-
agulation at present accepted in the United
States, it appears that incoagulable blood may re-
sult from a deficiency of one or more of the
plasma constituents concerned with coagulation, —
calcium, prothrombin and fibrinogen, —or in a
lack of the clot-promoting activity associated with
the euglobulin fraction of plasma, which has been
found to be markedly reduced in the blood of
patients with hemophilia.* Incoagulability of
menstrual blood might also result from the pres-
ence of some specific anticoagulant. This com-
munication presents the results of investigations
undertaken to determine which of these various
factors are concerned with fluidity of menstrual

blood.

*pPresented in part before the American Federation for Clinical Research,
Atlantic City, New Jersey, May 5, 1941, X

From the Thorndike Memorial Laboratory, Second and Fourth Mgd_lc:\l
Services (Harvard), Boston City Hospital, the Department of Medicine,
Harvard Medical Scheol, and the New England Hospital for Women and
Children. .

This study was aided in part by a grant, "'In recognition of Dr. Francis W.
peabody's scrvices to the Foundation,” from the Ella Sachs Plotz Foundation.

tAssistant in  medicine, Harvard Medical  School; resident physician,
“horndike Memorial Laboratory, Boston City Hospital.

tVisiting physician, New England Hospital for Women and Children,

§Rescarch associate in medicing, Harvard Medical School; chemist, Thorn-
dike Memorial Laboratory, Boston GCity Hospital.

MErHODS

At the suggestion of Dr. George Van S. Smith,
of the Fearing Research Laboratory, Free Hospi-
tal for Women, the collection of menstrual blood
was made by the insertion of a rubber cup,f
which acted as an occlusive pessary, high in the
vagina. Collections were usually made for twelve-
hour periods, after which the contents of the cups
were transferred to blood bottles, examined for
the presence of clots, and placed in a refrigerator.
For certain purposes, collections were made occa-
sionally for shorter periods. ‘Ten samples of
menstrual blood were collected in this manner
from 5 healthy women.

The methods for studying the effect of men-
strual blood on normal human and hemophilic
blood were those previously described from this
laboratory. The rabbit-brain thromboplastin used
in the investigation was prepared by our modifica-
ton of the method of Quick.? Thrombin was
obtained from prothrombin, prepared by the
method of Seegers et al.,’ by the action of rabbit:
brain thromboplastin.

For control experiments against menstrual
blood, twa well-known laboratory forms of in-
coagulable blood were used: citrated and defibri-
nated blood. In the experimental work reported
below, the observations were carried out on the
supernatant fluids after centrifuging, at 1500 r.p.m.
for ten minutes, samples of citrated, defibrinated
and menstrual blood. Al observations were made
in a constant-temperature Water bath at 37.5°C.
For the sake of brevity, one typical experiment on
each phase of the investigation is given. The re-
sults in all were entirely similar.

ExXPERIMENTAL RESULTS

The presence of an anticoagulant in menstrual
blood was investigated by the placing of 0.1 cc.

§Commercially marketed under the trade nume, Hycup.




