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Recent work reported from this laboratory (1 to
7) has shown that clostridia grow and produce
toxins readily in anoxic muscle in zivo, and that
they are readily introduced into dog muscles dur-
ing the course of traumatizing procedures. More-
over, our previous experiments have suggested that
these and perhaps other bacteria may be respon-
sible for a toxic factor contributing to shock in
traumatizing wounds. Since clostridia are known
to be frequent contaminants of war wounds (8, 9)
it appeared desirable to study the physiologic ac-
tion of clostridial toxins in order to determine
whether these toxins could produce shock 4 alone
or in synergy with blood or plasma loss following
trauma.

Since the action of these toxins depends on the
amount used, the route of injection, and the rate of
injection, we have given attention to these vari-
ables. Wright (12) has criticized studies on the
pharmacologic effects of Cl. welchii toxins in which
large doses of toxin were administered rapidly, in
a manner unlikely to have a parallel in the' clinical
disease. Study of the effects of the Cl. welchii
toxic filtrate has a particular interest in that the
specific enzymatic nature of its probable principal
component (the alpha toxin or lecithinase) (13)

1 This is publication No. 630 of the Cancer Commission
of Harvard University, and No. VIII of the series en-
titled "The Toxic Factors in Experimental Traumatic
Shock."

2 The work described in this paper was done under a
contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research and
Development and the Massachusetts General Hospital.

8 Grateful acknowledgment is due the Josiah Macy, Jr.
Foundation for a grant for the histopathological studies.

4We regard shock as a syndrome in which there is
primarily a decline in the effective circulating blood vol-
ume, followed by a decrease in the minute volume output
of the heart, an increase in peripheral vascular resistance,
an eventual fall in mean arterial blood pressure and a
progressive increase in tissue anoxia, resulting in death.
This definition agrees with conceptions commonly held
(10, 11).

and one of its minor components (hyaluronidase)
(14) are known. The lethal properties of Cl.
welchii (Type A) organisms appear to correlate
well with their ability to produce the alpha toxin
(15). It is therefore possible to interpret physio-
logic and pathologic effects of these toxins on the
basis of their substrate specificities.

MATERIAL AND METHODS

Three preparations of Cl. welchii (Type A) toxins have
been used: (1) glycerol dialyzed toxic filtrate of Cl.
welchii, (2) a more purified lecithinase (alpha toxin)
from Cl. welchii, and (3) a purified Cl. welchii hy-
aluronidase.5 The glycerol dialyzed toxic filtrate has as-
sayed from 500 to 1,760 mouse subcutaneous MLD (LD50)
per ml. in different batches. The Lb (biological limit)
varied from 17 to 43 in the various filtrates. It was made
by dialyzing sterile filtrates from Cl. welchii (Type A),
strain BP6K, against glycerol for 18 hours at 40 C. This
toxic filtrate has been found by Logan (16) to contain
chiefly alpha toxin, a small amount of theta toxin (ac-
counting for fewer than 5 out of a 1,000 MLD), and
100 to 200 viscosity reducing units and 2,000 to 6,000
mucin clot prevention units of hyaluronidase activity per
ml. The Cl. welchii hyaluronidase preparation contained
no demonstrable alpha toxin, 120 van Heyningen units of
theta toxin, and greater than 6,400 mucin clot prevention
units of hyaluronidase activity per ml. (16). Another
enzyme, a decarboxylase, which converts histidine to
histamine, frequently present in strains of Cl. welchii (17),
was not found in the toxic filtrates used in these experi-
ments.

In the majority of experiments, mongrel dogs weighing
between 8 and 15 kgm. were fasted overnight, anesthetized
intravenously with 30 mgm. of sodium pentobarbital per
kgm. of body weight, and were maintained as indicated
under light anesthesia by subsequent small doses of the
anesthetic. The trachea was exposed and cannulated so
that the oxygen consumption could be recorded by a
spirometer; the right carotid artery was cannulated and
attached to a recording mercury manometer; and the
left external jugular vein was exposed so that a catheter
could be inserted to the level of the right auricle, in order
to obtain mixed venous blood samples and to measure

5 The first and third have been generously supplied by
Dr. Milan A. Logan, and a limited quantity of purified al-
pha toxin was obtained through the kindness of Dr. A. M.
Pappenheimer, Jr.
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venous pressure. Femoral vessels were used for obtain-
ing arterial blood and for intravenous injections. In ad-
dition to continuous recording of blood pressure, cardiac
output was determined at intervals by Fick's principle,
and total peripheral vascular resistance was calculated as

the quotient: blood pressure/cardiac output. Body tem-
perature was recorded by a rectal thermometer. Heparin-
ized blood samples were taken to measure hemoglobin
concentration, hematocrit, and plasma hemoglobin (when
hemolysis was present). Hemoglobins were determined
on the Evelyn photoelectric colorimeter using the 540 mu

filter.
In several cases, electrocardiograms were taken, using

the 3 customary leads. In one case, X-ray pictures were

taken for cardiac size and configuration. Plasma volume
determinations were performed by the T-1824 plasma dye
dilution method (18). Plasma protein was estimated
by micro-Kjeldahl nitrogen determination. Prothrombin
times were done according to the method of Quick (19).
All dogs were carefully autopsied and organ weights were

recorded. Sections were routinely fixed in Zenker's
solution. Certain tissues were fixed in 10 per cent form-
alin, and frozen sections were stained with Sudan IV for
fat.

Cl. welchii toxic filtrate, which was stored in 30 per

cent glycerol, was diluted 1: 3 with physiologic saline solu-
tion before intramuscular injection, and a control ex-

periment was done by using 10 per cent glycerol in saline.
Intravenous administration was either "rapid" (the dose
being given within 5 minutes) or "slow" (further diluted
with saline and given by intravenous drip over a period
of 2 to 3 hours). The level of free alpha toxin in the
blood stream was followed by means of a modification of
the egg yolk turbidimetric method of van Heyningen (20).

In tabulating results, dosages have been expressed in
terms of mouse MLDper kgm. body weight. For com-

parison between the species, it will be recalled that the
lethal dose for a mouse should be in the vicinity of 40 to
50 MLDper kgm.

The control dogs, listed in Table I, were treated in
precisely the same way as the experimental animals, with
the exception that toxic filtrate was omitted. A num-

ber of other controls were run, in which either Cl. welchii
immunized dogs were used, or in which Cl. welchis anti-
toxin was mixed with the toxic filtrate prior to injection
into the animal. Trhe experiments on the effect of toxic
filtrates on immunized animals will be discussed at length
in a future communication (22).

RESULTS

Lecithinase (alpha toxin)
Purified Cl. welchii lecithinase (alpha toxin)

was given intravenously to 2 dogs, and intramus-
cularly to 2 dogs. The results of intravenous ad-
ministration were similar to those which will be
described for the glycerol dialyzed perfringens
filtrate: a dose of 40 MLDper kgm. caused almost

complete hemolysis (terminal hematoctit 5 per
cent) and death in 2 hours, with small amounts of
hemolyzed pleural and ascitic fluid and massive
intestinal bleeding noted at postmortem examina-
tion. Intramuscular administration (60 to 90
MLD per kgm.) resulted in only a very small
amount of local edema after 5 hours, in contrast to
massive swelling produced by the whole perfrin-
gens toxin. This could be due to the absence in
the purified alpha toxin of some accessory factor,
such as hyaluronidase.

Glycerol dialyzed Cl. welchii (Type A) toxic
filtrate

Intravenous route: Nineteen dogs were given
various amounts of Cl. welchii toxic filtrate in-
travenously, ranging from 6 to 800 MLDper kgm.
Whenlethal doses (over 50 MLDper kgm.) were
given, a fairly constant physiological picture re-
sulted. Following rapid injection of large doses,
the blood pressure fell precipitously to 30 to 40 mm.
Hg within 5 to 10 minutes, and then maintained
this level for an hour or more before the terminal
decline. When smaller amounts of toxic filtrate
were given, or when it was given more slowly,
there was no immediate response of the blood
pressure, but the pressure declined more gradually.

Table I summarizes a number of changes occur-
ring in animals in this group. It will be observed
that the cardiac output, blood pressure, hemo-
globin, and hematocrit show significant declines
prior to death of the animal. There was, however,
no significant change in the peripheral vascular
resistance. A decrease in the whole blood hemo-
globin and hematocrit levels provided the earliest
consistent reflection of the downward trend of the
animal. Figure 1 illustrates the interrelationships
of these data in a typical animal.

In 2 cases, the level of free alpha toxin in the
blood stream was followed by van Heyningen's
method (20), while toxin was administered by
slow intravenous drip. The rise in the level of free
alpha toxin in the blood stream was paralleled by a
rise in the plasma hemoglobin and a fall in the
hematocrit. In 10 out of the 12 dogs receiving a
lethal dose of toxin (in which plasma hemoglobin
was quantitated), the plasma was deep red, and the
plasma hemoglobin reached levels between 1 and
7 grams per cent. Plasma protein concentration
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FIG. 1. EFFECT OF Cl. welchii Toxic FILTRATE, ADMINISTERED BY SLOW INTRAVENOUS DRIP
The cardiac output is expressed in liters per minute. The relative peripheral vascular resistance is expressed in

arbitrary units as the quotient: blood pressure in mm. mercury/cardiac output in liters per minute. The hemoglo-
bin is expressed as grams per cent.

was measured in 4 such dogs, and (exclusive of
hemoglobin) showed no significant change.
Plasma volume dye studies were unsatisfactory
due to the large amount of hemolysis. No signifi-
cant change in temperature was observed.

In 4 dogs, electrocardiograms were taken at
intervals, after administration of toxic filtrate, up

to death 4 to 6 hours later, and failed to show evi-
dence of myocardial damage. X-rays of the heart
taken in one animal showed no change in size or

configuration as a result of the toxic filtrate. The
venous pressure, obtained from the region of the
right auricle, was never increased.

Blood clotted poorly following venepuncture in
the terminal stages after administration of toxic
filtrate. The prothrombin time was tested in 4
dogs given Cl. welchii toxic filtrate, with the fol-
lowing results (cf. Table II).

Intramuscular route: Twenty-six dogs were in-
jected intramuscularly into one or both triceps
surae muscles with Cl. welchii toxic filtrate and
leg volumes were made on 21 of these animals, ac-

cording to a technique previously described (4).
The most striking effect of the toxins was the de-
velopment of massive edema, which spread out

visibly from the injection site within an hour of
the injection and reached a maximum 8 to 16 hours
later. By measurement of the increase in volume
of the thighs, an estimate of the minimal fluid loss
into the limbs was made during a period of 5 to 8
hours after injection. The edema accumulating
during this period amounted roughly to 1 to 3
per cent of the body weight, which therefore cor-
responds to a considerable fraction of the plasma
volume. Hemoconcentration was a constant find-
ing, as evidenced by an increase in hematocrit and

TABLE II

Prothrombin time
in seconds

Dog no. Type toxin Result
Before After
toxin toxin

234 alpha survived 13 15
(sublethal dose)

235 alpha died 13 76

238 glycerol survived 26 81
dial. Logan (sublethal dose)

239 glycerol died 15 74
dial. Logan
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399PHYSIOLOGIC ACTION OF Cl. welchii TOXINS IN DOGS

a decrease in plasma volume. A consistent fall in
cardiac output was present by the sixth hour after
injection. The interrelationships of these data
are summarized in Tables I and III. It should be

TABLE III

Edema-producing effect of Cl. welchiitoxic filtrate following
- intramuscular injection

Elapsed c per cent Total

Dog0 hours to albumin Thigh vascular Fate of
Dog Dose final edema: fluidlyno. (B.6 W B. W. loss:t ailmeasre injected) B. W.

MLD
per per cent per cent per cent

kgm.
240 706 3 0.64 1.27 Died*
243 300 5 1.78 2.90 Killed
244 300 8 6 2.02 3.02 Killed
241 225 5 0.80 1.27 Died*
272 220 61 1.34 1.19 2.33 Killed
273 220 5 3.34 2.10 2.94 Killed
274 220 75 6.90 2.50 4.62 Killed
286 220 65 5.55 1.53 3.13 Killed
289 220 6 9.90 2.85 4.34 Killed
290 220 6J 4.45 2.80 3.94 Killed
291 220 5 4.34 1.02 2.87 Killed
298 220 51 1.69 3.01 Killed
299 220 6 1.09 2.05 Killed
300 220 51 1.13 1.67 Killed
278 187 63 5.93 2.15 3.15 Killed
372 174 6 .14 0.50 Survived
242 167 5 1.17 2.22 Killed
271 110 6 1.60 2.49 Killed
249 60 6J 1.94 2.83 Killed
270 60 51 .74 1.13 Killed
246 48 8 .89 2.72 Killed
252 12 5J .97 1.78 Killed
263 4 3 0 Died*

* The lack of correlation between the amount of edema
and death of the animal is evident here. It is possible that
the toxins reached the general circulation in these instances.
Among our control animals an occasional death was at-
tributed to a combination of anesthesia and operative
manipulations.

** B3. W. signifies body weight.
t Due to blood loss from sampling, plus estimated vascu-

lar fluid loss as a result of edema.
t Immunized animal (22).

pointed out with respect to the intramuscularly in-
jected dogs represented in these tables, that they
seldom went into shock in the limited observation
period of 6 to 8 hours during which they were

under anesthesia and cannulation. The blood
pressure (cf. Table I) showed no significant
change in this group of animals. Two control
dogs, injected with 300 MLDper kgm. of toxin
mixed with 300 units of antitoxin,6 showed none
of these effects. Only 5 dogs in the series showed
any hemolysis, and, in all but 1 case, the hemolysis

6Lederle's polyvalent gas gangrene antitoxin.

was under 0.2 gram per cent. Figure 2 illustrates
the typical result of this kind of experiment.

To determine whether the toxic filtrate, when
injected intramuscularly, produced general cir-
culatory damage as well as local plasma loss, the
following experiments were done:

1. Five dogs injected intramuscularly were
treated by administration of 5 per cent bovine
albumin 7 in amounts sufficient to maintain normal
plasma volume and hematocrit values. Eight con-
trol (uninjected) dogs were maintained under sim-
ilar experimental conditions. Six of these controls
were also given albumin to prevent the hemocon-
centration which usually occurs in dogs anesthe-
tized with sodium pentobarbital under these con-
ditions. The remaining 2 were untreated.

2. Two intramuscularly injected dogs were al-
lowed to go 5 to 6 hours without treatment; at
the end of this period sufficient albumin was given
to replace lost plasma and blood. Before the al-
bumin was given, tourniquets were placed around
both thighs to prevent further local plasma loss.

3. In 2 dogs, casts (Castex) were placed around
both legs extending from the foot pads to the
groin. The toxic filtrate was injected through
the casts into the triceps surae muscles. Since
extensive swelling occurred above the casts (in
the regions of the abdominal and gluteal muscles
where the amount of swelling could not be quanti-
tated), one was given constant albumin injection,
as in (1) and the other was given a terminal al-
bumin injection, as in (2).

The results of these experiments indicated that
the decrease in cardiac output which occurred fol-
lowing administration of Cl. welchii toxic filtrate
intramuscularly could largely be explained by the
local loss of plasma into the muscle and subcu-
taneous tissue in the vicinity of the injection site.
Replacement of this plasma loss restored the nor-
mal cardiac output temporarily, but did not pre-
vent further plasma loss into the damaged area.
In fact, the fluid loss appeared to be somewhat in-
creased by administration of plasma albumin, al-
though the cardiovascular state was better main-
tained (cf. Table III). Edema formation was not
prevented by the application of casts, as it extended

7The authors wish to express their indebtedness to
Professor Edwin J. Cohn for generous supplies of puri-
fied bovine albumin.
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FIG. 2. EFFECT OF Cl. welchii Toxic FILTRATE GIVEN INTRAMUSCULARLY
The blood loss is expressed as per cent of bidy weight. Other data are expressed as noted in Figure 1.

beyond their confines, occurring in the gluteal,
perineal, and retroperitoneal regions if casts were

placed about both lower extremities, and toxin was

injected through the casts into the underlying
musculature. In this case, in a small area immedi-
ately adjacent to the injection site, there were

muscle necrosis and hemorrhage, but the casted
portion of the extremity was edema free.

Three dogs injected subcutaneously with Cl.
welchii toxic filtrate presented a picture of local
edema without detectable generalized effects, simi-
lar to the situation seen with the intramuscular
injection.

Cl. welchii hyaluronidase, -intramuscular route

Five-tenths ml. of hyaluronidase was injected
into each. triceps surae muscle group of an anes-

thetized dog. During the following 6 hours there
was no evidence of generalized effects of the toxin
on the cardiac output, peripheral resistance, pulse,
respiration, or temperature. There was an area

of edema and extravasation of blood 6 cm. in di-

ameter in the region of the injection sites, but no
generalized edema of the extremities. Postmortem
examination was otherwise completely negative.

Pathologic findings 8

Cl. welchii toxic filtrate given intravenously in
lethal dosage to non-immunized dogs: lungs and
liver showed marked congestion and edema. The
weights of the lungs were significantly greater
than those of control dogs (21). The small intes-
tine, spleen, and kidneys revealed similar findings
to a lesser degree. Twenty to 50 ml. of hemolyzed
fluid was found in the pleural and peritoneal cavi-
ties. Where a similar dosage of toxic filtrate was
given to dogs previously immunized there was no
congestion of lungs, liver, or other organs. An
interesting finding in such animals, however, was
the presence of considerable numbers of poly-
morphonuclear leucocytes in the walls of the pul-
monary and adrenal capillaries.

8 The authors are indebted to Dr. Benjamin Castleman
for reviewing and interpreting the pathologic findings.
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Cl. welchii toxic filtrate given intramuscularly
in lethal dosage to non-immunized dogs: there oc-
curred necrosis and liquefaction of the injected
muscle in the vicinity of the injection site, with ex-.
tensive edema of the surrounding muscle and fas-
cia, and a lesser degree of edema of neighboring
muscles. The duodenum showed a marked capil-
lary engorgement. The lungs, liver, adrenal, and
spleen were negative. Marked cloudy swelling of
the kidney was seen in one animal in this group
(No. 240). An excellent, detailed description of
the effects of the filtrate on muscle has been given
by Robb-Smith (23).

Pathologic findings associated with intravenous
injection of Cl. welchii toxins have been reported
previously (24 to 27). There appears to be some
variation among the animal species (dogs, mice,
rabbits, guinea pigs) used by the various investi-
gators, in the sensitivity of the erythrocytes to
hemolysis and in the localization of the sites of
major hemorrhagic manifestations.

DISCUSSION

An attempt has been made to vary the dose, the
rate, and the route of administration of Cl. welchii
toxic filtrate in order.to gain a better understand-
ing of its action on the animal. It is impossible to
say what quantity of toxic filtrate might be elab-
orated in gas gangrene or clostridial myositis.
It is therefore difficult to transfer information
provided by the present experiments to the human
problem. It is probable, however, that the closest
simulation of clinical conditions is achieved where
a relatively small dose of toxic filtrate is adminis-
tered intramuscularly. Such injections have been
demonstrated to evoke vascular fluid loss of con-
siderable proportions. The additive effect of this
fluid loss may be sufficient to convert into shock a
traumatic condition which would not ordinarily
produce this syndrome. Furthermore, the local
damage to capillaries resulting from the toxins is
long-lasting. If primary shock is averted by ade-
quate therapy, clostridial toxins may introduce
the possibility of delayed or secondary shock as a
result of continuing fluid loss from damaged capil-
laries.

The action of the toxic filtrate, administered
either intravenously or intramuscularly, is consist-
ent with the damaging effect its lecithinase com-

ponent might theoretically be expected to have on
cell surfaces. In the case of the erythrocyte, the
result is rupture of the cell wall; in the case of the
vascular endothelium, the result is leakage of
whole blood or plasma through a damaged mem-
brane.

It is worth calling attention to the point that
either purified Cl. welchii alpha toxin or purified
Cl. welchii hyaluronidase in the absence of the
other produced little edema during a 6-hour inter-
val when injected intramuscularly. The edema-
forming power of a filtrate containing these 2
toxins (plus a small amount of theta toxin and
possibly other unknown toxins) was, however,
very great during this time interval. This obser-
vation is of interest in connection with the finding
of McClean (28) that Cl. welchii is able to use
hyaluronic acid as a metabolite.

A number of other effects of Cl. welchii toxins
(Type A) have been described and are discussed
in recent reviews on the subject (29, 12). The
observation (25) that toxic filtrates of all 4 types
of Cl. welchii liberate adenyl compounds is espe-
cially interesting and may-be related to the rupture
of cell membranes as a result of the action of the
alpha toxin. The recent findings of Cooke et al.
(9) that fat embolism may occur as a result of Cl.
welchii myositis suggest that the breakdown prod-
ucts of damaged cells may contribute to the gener-
alized effect of the toxins, even though the toxins
themselves may not enter into the general circula-
tion to an appreciable degree.

MacLennan and Macfarlane (30, 31) have been
led to consider the possibility "that the profound
toxaemia of gas-gangrene is not due solely or
primarily to alpha toxin." They point to the in-
effectiveness of antitoxin in preventing a lethal
outcome once the infection is well established and
raise the question as to "whether death is due to
the products of tissue breakdown rather than the
direct action of bacterial toxin." While the pres-
ent experiments do not conflict with this inter-
pretation, they offer an additional explanation for
the lack of effectiveness of antitoxin in well es-
tablished cases of gas-gangrene, based on the fol-
lowing 3 points: (1) The large amount of fluid
lost in clostridial myositis is not repaired by ad-
ministration of antitoxin. The continuation of
fluid loss from damaged blood vessels is likewise
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not prevented, since the antitoxin is unable to
reverse damage which has already occurred. (2)
It has been recently found in this laboratory (32)
that once the Cl. welchii lecithinase is in contact
with its substrate, lecithin, it becomes difficult for
antitoxin, when added to the reaction mixture, to
prevent the enzymatic process from continuing.
It appears that the lecithin and antitoxin compete
with each other for the lecithinase. This finding
offers a partial explanation for the lack of effective-
ness of antitoxin when the disease is well es-
tablished (i.e. when a large amount of lecithinase
is in contact with its substrate). (3) It has been
found possible to protect mice and dogs from a
lethal intravenous dose of Cl. welchii filtrate by
means of lecithin or total lipids if these are given
either in advance of or shortly after the filtrate
(33). It is probable that the lecithin protects the
animal (by a substrate partition effect) only from
the lecithinase component of the filtrate. One may
conclude that the lecithinase is in this instance the
principal toxic component of the filtrate.

On the other hand, purified alpha toxin pro-
duced little edema on intramuscular injection into
our dogs. This evidence suggests that collagenase
(31), unknown toxins, or a synergistic effect of
the combination of toxins plays important roles in
the production of edema when a toxic filtrate is
given intramuscularly.

An interesting teleological point is raised by
the experiments of DeKruif and Bollman (34),
who found that the capacity of Cl. welchii to in-
vade the animal body was largely dependent on its
power to produce toxin. Washed Cl. welchii
bacilli or spores were infective only in very large
numbers; if non-lethal quantities of toxin were

added to organisms, only 1/10,000 of the quan-
tity of washed spores or bacilli was necessary to
kill the animal. The alpha toxin or lecithinase ap-
pears to serve the Cl. welchii organism by de-
stroying the surface of animal cells, making the in-
terior available for the nutrition of the Cl. welchii
organism.

The possibility that effects ascribed to the toxins
might be due to substances used in the bacterial
culture media has been ruled out by the preven-
tion of these toxic effects both by active immuniza-
tion of animals and by administration of antitoxin
in advance of the toxin (22).

SUMMARY

A number of characteristics of the syndrome of
traumatic shock may be produced by Cl. welchii
(Type A) toxic filtrate given by either intra-
muscular or intravenous route. Intravenous in-
jection results in intravascular hemolysis, decline
in cardiac output and blood pressure, increase in
prothrombin time, edema and hemorrhage into
the lungs and small intestine, and congestion of the
liver, spleen, and kidneys.

Intramuscular or subcutaneous injection is fol-
lowed by massive edema spreading from the in-
jection site and by severe hemoconcentration.
The effects of the toxic filtrate given by this route
are chiefly local, and the lack of hemolysis is evi-
dence of the inability of the alpha toxin to reach
the general circulation in appreciable concentration.

Purified Cl. welchii alpha toxin injected intra-
muscularly produced little edema. Purified Cl.
welchii hyaluronidase similarly had little effect on
intramuscular injection. The edema-forming
property of the unpurified Cl. welchni toxic filtrate
thus appears to be due to the presence of other
toxins or to a synergistic effect of a combination
of toxins.

Cl. welchii toxins may play an important role in
certain cases of traumatic shock by aggravating
fluid loss into the injured region.

The authors gratefully acknowledge the cooperation of
Doctors Austin M. Brues and Alfred Pope in the early
portion of this work. They are indebted to Mrs. Jean
Rubin, Mrs. Barbara Barus, and Miss Lydia Brewster
for valuable technical assistance.
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