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ABSTRACT

Of Thesis for Maéter'of Science Degree

THE EFFECT OF SELECTED DRUGS ON THE VASCULAR
RESPONSES OF THE RAT TO LOCALIZED COLD

George Edward Singer

Cold injury of both the dry and the moist types
are of the utmost importance in military operations, and
are likely to assume even greater importance in tpe event
of polar warfare. The modern literature on frostbite
began with Napoleon's retreat from Moscow in 1812 when his
surgeon, Baron Larréy recorded the disastrous event in
his memoirs, Since then it has been the various wars of
the western world that has provided the main stimulus for
inﬁestigation into the cold problem.

The experimental investigation has effected little
positive benefit by way of management of an acute cold
injury, but it has served to break down many time honoured
doctrines, especially the theory that slow thawing of a
frozen limb provided the best treatment. The significance
of the various events that occur in the tissues during a
freezing reaction are not agreed on by all workers, but
the course of the reaction and especially the danger of
the secondary effects during thawing are well known.

The present investigation concerned an attempt to
observe'microScopically the vascular changes in the rat
mesoappendix according to a technique of Zweifach. A cold

point apparatus described by Hass and Taylor was utilized
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for exact freezing of a capillary bed. The influence of
ten selected drug:z on the reactions of the vascular bed
after freezing was tested alternately with control rats.
Procaine, priscoline, benadryl, etamon, hydergine, apres-
oline, chlor-tripolon, rutin, ascorbic acid, and hist-
amine were tested. The criteria for a drug effect
included delay in onset of vascular stasis, lessening the
rate and exﬁent of the stasis, and resumption of circ-
ulation in static vessels. No significant difference
was observed between the treated and the control animals.
In an effort to confirm this impression grossly,
the hind legs of rats were frozen in a carbon dioxide and
ether mixture at =20°C. for twenty seconds. The changes
observed grossly following thawing were described num-
erically and the arbitrary concept of an Injury Index was
utilized which could be expressed graphically on a day by
day basis. 0f the same ten drugs tested, procaine,
priscoline, benadryl, etamon, hydergine, and ascorbic acid
were found to have no significant effect. Chlor-Tripolon
and histamine were found to have an adverse effect, and
apresoline, and especially rutin, were found to have a prob-
ably significant beneficial effect. The value of rapid
thawing in water at 42°C. was consistehtly confirmed

throughout all gross experiments,
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THE EFFECT OF SELECTED DRUGS ON THE VASCULAR

RESPONSES OF THE RAT TO LOCALIZED

COLD

THE COLD PROBLEM

Frostbite and celd injurles generally continue
to preseht a challenge to our armed forces battling in
the colder regions of the earth, Orr and Fainer (1)
have recently reported on the terrific toll in Korea
among the United States forces during the winter camp-
aign of 1950-1951 when there were sixty thoui:sand frost-
bite casualties with six thousand amputations resulting.
This definitely puts this problem into the category of
a major battle hazard, The possibility, and even the
probability of polar warfare in the near future forces
greater attention to be paid to the problem of cold
injury than has been<paidsd, The matter of acclimat-
ization is being investigated as & preventive measure,
Orr and Fainer outline several factors, more or less
‘obvious, that will help the soldier in the prevention
of actusal freezing injuries; In addition to the
various physical agents, we wauld like to have some
medication that could.be administered to protect the

combatant and civilian alike against both the actual



freezing injury and also against the resultant immed-
iate and chronic seqﬁellae of frostbite once it is
established. At the moment no such medication is
known, and all drugs suggested fail through being
administered following the freezing, either immediate-
ly or later, often after the thawing has been complet-
ed. Webster and Bigelow ( 2 ) writing for the recent
Special Civil Defence issue of the Canadian Medical
Association Journal summarize the conflicting current
theories regarding pathogenesis and treatment without
actually stressing any special regimen. They do
emphasize, as we all must, the value and necessity for
continued experimental work both in the laboratery and
in controlled cliniecal studles, and they seem to feel
that the knowledge obtained so far 1s barely laying

the ground work for the great advances possible in this
- field. The Josiah Macy J¥. Foundation has even start-
ed a Conference on cold iﬁjur& (3). The best

summary of the experimental work to date lies in the
article prepared by Shumacker and Lempke ( 4 ) which
gives a resumé of the literature from as far back as
1917 right up to articles still in press in 1951. This
is a rather extensive review and it forms the basis

for the experimental work carried out for this thesis.



There are very few articles more recent that are not

clinical, and since most of the experimental work now
being performed is financed through military research
grants of one kina or another, reports are very guard-

ed as highly secret.

THE COLD PROBLEM ASSESSED

The acute variety of cold injury may be divid-
ed into three broad categories. Firstly might be
mentioned general hypothermia, which is included only
for completeness since it uncommon, and survival from
it even more rare (5 ), although it is being investig-
ated for anaesthetic uses in congenital heart surgery.
Secondly is the moist cold lesion, the trench foot or
immersion foot syndrome. Trench foot was peculiarly
& problem of the first World War, while immersion foot
was the second World War variety of the same condition,
being the result of a prolonged vertical posture with
an ambient temperature above ffeezing. An sapparently
necessary requirement is the need for moist celd,
which conducts heat away from the eXposed 1imb faster
than does dry cold. The effect of the‘dependency of
the limb is of course to impede the bleod circulation
by delaying venous return. Thirdly is the big

problem of frostbite. This is the condition result-



ing from exposure to cold of sufficient severity and
duration to produce ice in the affected parts. This
too had.a counterpart in the second World War in the
condition knownvas high altitude frostbite, charact-
erized by a very rapid freezing at very low temperat-
ures, such as the tail gunner of a fighter plane re-
ceived when he took off his glove to adjust his gun,
with his fingers immediately sticking to the metal
and being deeply frozen,

The frequent appearance in this brief class-
ification of such terms as trench foot, and high alt-
itude frostbite suggests that cold injury is for all
practical purposes a disease peculiarly associated
with military operations. The modern literature on
the subject begins with Baron Laféy'é account ( 6)
of Napoleon's casualties on the tragic retreat from
Moscow in 1812, However, it was not until the first
World War that much effort or interest was put inte
trying to solve the frostbite problem. Sir Thomas
Lewis was one of the main investigators of fréezing
injury at the time, and several papers proceded from
his laboratory on such ideas as supercooling of tissues
gnd the concept that it was the formation of ice cryst-

als intracellularly which causedthe damage of freezing.
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Experimental work during the second World War was
centered mainly in trying to understand the physiol-
ogy and the pathology of the frostbite lesion. Many
are the papers discﬁssing which was the more lmportant
of the various processes more or less going on simul-
taneously. The whole process from initial exposure
to cold right through to the development of the late
sequellae 1s well discussed by Shumacker ( 4 ) and
there seems to be little value in repeating 1t all
here. The important aspect, not of course origin-
ated by Shumacker, is the vascular component. 1In

a freezing injury, naturally, cells and tissues will
be killed by the cold or by the anoxia accompanying
the ischemia produced by the vasoconstriction. But
the extent of the freezing influence does not dir-
ectly determine the extent of the damage resulting.

It is the secondary changes following thawing that
armethe gravest sequelsto frostbite. After thawing

(to quote from Shumacker) there develops a reactive
hyperemia which may represent the reaction to slightly
diffusible abnormal cell products resulting from direct
cold injury or ischaemic injury. With the return of
blood flow, oedema begins to form as protein-rich

fluid escapes through the capillary walls rendered
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hyperpermeable by the effects of the cold or anoxia.
The oedema progreséively inbreases and ﬁay reach the
maximal volume allowed by the extensile limit of the
encompassing skin., Colndddertally with the formation of
oedema, stasis develops in the true capillaries. The
formed elements of the blood are seen progressively
to £ill the small vessels, bringing toshalt the circ-
ulation through them., This stasis 1s reversible, at
the begimning at leasf, since mechanical pressure or
changes in bloed flow in adjacent vessels will break
wp the red cell masses. There is some controversy
as to the cause of the stasis. The view most widely
held is that the eapillary walls, rendered hyperperm-
eable by the injury merely filter the cells out of the
blood stream as the serum enters the interstitial
spaces., The second suggestion is that stasis must be
the result of some colloidal chemicsl alteration in
blood unrelated to the clotting mechanism, The third
possibility offered connects stasis with sludging where
there is precipitated on the cetls a sticky coat which
causes them to adhere to one asnother and to the walls
of the vessels. Shumacker gives the arguments for and
against these views, which need not be mentioned here.
This summary from Shumacker's discussion picks

out the course of events in frostbite that occur at the



12

capillary level, Since studies were already in
progress at this University on the observation of
the capillary responses in the rat mesoappendix
(Warner, D.L., 7 ) and since Hass and Taylor had
described sn instrument ( 8 ) for applying a quant-
itative hypethermal injury, 1t seemed very logical
to study the behavier of the blood vessels in the
rat mesoappendix after freezing as influenced by
various medications applied both tepically and par-
enterally. Except for the technique of studying
capillary responses to a local freezing injury as
influenced by various drugs, which I have not found
described in the literature, there is nothing very
original in the testing of the various drugs select-
ed. Most of them have been used previously for
gross freezing experiments. Ten were selected:
procaine,.Priscoline,»Etamon, Hydergine, Apresoline,
Rutin, Ascorbic acid, Benadryl, Chlor-Tripolon, and
histamine. 1In view of the fact that some of these
preparations are called by their trade names, a further

discussion of the drugs is in order.

Drugs Tested in Cold Injury Experiments

Procaine

This is believed to paralyze peripheral con-
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strictor fibers upon peripheral contact with them.,

The drug was tested both topically and parenterally.
Topically there is no difficulty with dosage, a 0.5% to
2.0% solution being generally adequate as 1s demonstrated
clinically all the time. There 1s some trouble
however, in estimating the éffective parenteral dose.
The procaine is detoxified principally in the liver,

and this is rapid enough to necessitate frequent or
better, continuous injections of a solution of approp-
riate concentration. Griffith (9) gives 200 mg.
intraperitoneally as a sultable dose to an adult rat

for therapeutic or topical action. 1600 mg. 1s the
M.L.D. and 2100 mg. is the L.D.gg. 45 to 55 mg.

given intravenously will kill off the majority of the
eanimals. On this basis the dosage subsequently used was
calculated. - Note that procaine 1s hydrolyzed and
detoxified by an enzyme in the blood to give para-

amino benzoic acid and diethylaminoethano which may
have in turn an indirect action on the vessel endo-
thelium ( may act in competition with histamine);

Priscoliﬁe

This is benzazoline hydrochloride, Ciba. It
acts as a vasodilator of peripheral arteries and ért-

erioles. It is an adrenolytic agent, blocking the
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pressor without disturbing the depresser effect of
epinephrine. The action is peripheral and there may
also be some direct dilating effect on the vessel
wélls themselves (Beckmsn, 10). Dosage level based
on approximate adult human dose.

Etamon chloride

Tetraethylammonium chloride, Parke-Davis, is
a depressant of both Sympathetic and parasympathetic
peripheral ganglia, with possibility of some locally
exerted vasodilator action. Used at dosage level
similar to reports tabulated by Shumacker ( 4 ).
Hydergine | | -
- Hydergine is not mentioned in Shumacker!'s
review, probably because the first report by Hurley
(11 ) appeared just when the larger review was received
for bublication. The use of the dihydrogenated ergot
alkaloids stemmed from basic pharmacologicel findings
that these derivatives had a sympathicolytic action
~on the peripheral circulatlon. Bluntschll and Goetz
(12 ) showed that dihydroergecornine proeduced no |
constriction in the sympathectomized limb, and gave
vasodilatation in the normally innervated limb, this
being the first known ergot derivative acting purely

as a sympathicolytic and also acting over higher o;ipnh
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sympathetic centres rather than peripheral}y at the
myoneural sympathetic junction, and they showed that
the compound acted on the vascular centres in the
medulla and or the hypethalamus. Rothlin of Basle

& year earlier showed (13) all four of the dihyd-
rogenated derivatives of efget had this sympathice-
adrenolytic activity, and Hurley used a preparation
called CCK-179 containing equal parts of dihydre-
ergocornine, dihydroergocristine, and dihydroerge-
kryptine, now put out by Sandoz as Hydergine. Hurley
felt vasoconstriction (due to local response, local
central nervous system reflex, and hypethalamic vaso-
constriction due to cooled blood) could contribute
greatly to tissue anoxia following frostbite, and that
release of this could be of prime importance in the
therapy of frostbite. He found, following exXposure of
sixty Sprague-Dawley and Wistar rats (distal seven
centimetres of the tails to -15°C ferwsixty seconds)
that had received varying dosages of Hydergine, that
there was statistically significant improvement of each
treated group ever the contrels., Hurley suggested
that these dlhydrogenated ergot alkaleoids might prove
to be of value in the treatment of high altitude frost-
bite. The dosage of Hydergine used in the present

experiments was nearly that used by Hurley.
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Apresoline

Hydralazine hydrechloride, Clba, has an action
claimed by the manufacturer to be largely central on the
midbrain, serving to lower both the systolic and diastolic
blood pressures, especlially in hypertension, yet per-
mitting increased blood flow through the kidneys. It has
adrenefgic blocking effects, adrenolytic and sympathé-
lytig against the pressor effects of epinephrine and |
nor-epinephrine, This drug has not yet, te my knowledge,
been reported in frostbite experiments. LDgy for white
rats is 34 mg. per kilogram body weight. The dosage
level used 'was on the range of 2 mg. per animal.

Rutin and Ascorbic acid

It is logical to try agents that reportedly
reduce capillary permeability as well as fragility.
Rutin 1s one of the vitamin P substances, and ascorbic
acid is of course vitamin C. The dosage selected for
rutin was that reported in Shumacker's review, In
the case of ascorbic acid, it is regarded as impossible
to make rats deficient in this‘vitamin since they manu-
facture their own, hence excessively large doses were
used, which had the effect to be noted later in the gross
experiments,

Benadryl
| This antihistaminic agent has been used freqg-

uently before in frostbité ( 4) and the dosage level
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supposedly effective in rats is known. 0.43 mg. per
kilogram body weight was used by Shumacker.
Chlor-Tripolon

This is an alternate antihistaminic, very
powerful, and not previously reported in frostbite
lesions experimentally. The dosage level selected
was rather empirical at 5 mg. per animal.

Histamine

It was decided to attempt to assess the
influence of histemine by virtue of the questionable
findings with the antihistaminics. No stated effective
dosage level could be found, and twe values were sel-
ected for trial, 10 mg. and 50 mg. per kilogram body
weight.

Need for Confirmatory Gross Experiments

As mentioned, it was decided it would be log-
cial to carry on with microscopic observation of the
blood vessels in the rat mesoappendix., The vessels
at this location were selected primarily for conven-
ience, since very beautiful preparations can be ob-
tained with a minimum of effort, and with the equipment
te be described, such preparations can be maintained
in a healthy condition for up to four hours. However,

in cold injuries, the mesoappendix is seldom freozen,
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and there is no reason to expect that capillaries that

functioned one way in the protected environment of the

peritoneal cavity would function in the same way in the
hind leg of the same animal. Accofdingly, the series

of gross experiments were performed as described later

in an effort to correlate the findings in the two

aresas.
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Microscopic Observation of the Rat Mesoappendix

The Rat Mesoappendix

There are numerous areas in various species of
snimals wheze the fine details of the Elood circulation
can be observed clearly. Of these,the mesentery of the
rat lying beitween the caecum and the terminal ileum is
one of the most accessible and most convenient to study.
All that is needed is an animal sufficlently anaesthet-
ized by an agent such as nembutal, and with a median
abdoeminal incision made with an instrument such as a
pair of scissors, the caecum may be exteriorized and
draped over a supporting loop with the so—calledlmese-
appendix exposed for view with a low power microscope,
and illuminated by transillumination. \

The Circulation of the Mesoappendix

Without discussing the controversies concerning
the anatomy of the capillary circulation that began in.
1874 with Rouget, and have continued right up to the
present, and will be with us long into the future, the
capillary bed structure as described by Chambers and
Zweifach (22) wag?baSis for identification and naming
of the various parts of'the capiilary beds observed in
the mesoappendix. They built up a veritable anatomy

of the capillary bed, and their scheme is here outlined.
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They felt the rat mesoappéndix was predominantly
a nutritive fiel_d, with a central channel and true cap-
illaries as side branches. The Eﬁﬁil arborizing arteries
finally become what Chambers and Zweifach term the first

division of the capillary bed, the terminal arterioles.

These are channels twenty to twenty-five microns in diam=-
éter, with a single continuous smooth muscle layer. Here
pulsations are related to those in the larger arteries,
but are léss regular., Secondly in line of blood flow

comes thecapillary bed proper. The metarteriole is from

eight to fifteen microns in diameter, it has a typical
discontinuous muscle cell coat, and it shows vasomotion
with slow constrictor-dilator phases. The blood then

flows through the precapillary junctions or sphincters.

These are usually twisted and are outflowing. Typical
muscle cells act as sphincters. Vasomotion here is
independent of that in the arterioles. Finally the

blood passes into the true capillaries, Here there is

passive dilatation and tonic constriction of the endo-
thelial cells, There are more rapid, by-pass channels

known as arterio-venous channels or shunts. The proximal

segment of an arterio~venous channel apparently has an
atypical type of smooth muscle cell that shows no vaso

motion and responds only to abnormal stimuli. These lead
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into precapillary junctions, or into true capillary
junctions, and hence into the true capillaries. The
distal segment of the arterio-venous channel has a
connective tissue coating that permits slight passive
changes in diameter. The post caplllary junctions are
inflowing, the same as the capillaries are. Following
either the true capillary channels or the arterio-venous

channels, the blood enters the nonmuscular venule,

which is really nothing more than a fusion of thorough-
fare channels. This has a connective tissue covering,
and slight passive changes in diameter are permitted.
Thirdly, and lastly, in the anatomy of the capillary

bed are the muscular venules. These are twenty-five

to thirty microns in diameter (the non-muscular

venules were only fifteen to twénty-five) and they

are covered with both smooth muscle cells and connective
tissue. They are highly responsive and show varied
contractions.

Vasomotion is a peculiar type of motor activity
of the metarteriole and of its precapillaries, These
channels show irregularly recurrent series of dilatations
and contractions at intervals varying from fifteen sec-
onds to three minutes. During active metarteriolar véso—
motion the sphincter—like.closure of the precapillaries

tends to restrict the capillary blood flow to the central
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channels., Therefore,the central arterio-venous channel
carries on the basal work of the capi;lary bed in
ischemia, The endothelial wall of the ceapillary possesses
a certain degree of elasticity. The true capillary shows
passive changes in diameter as a consequence of the
variations of the bleood flow through it. When the press
ure in the éapillaries falls the endothelial cell tends
to lose~its expanded state, where-upon its nucleus rounds
up and creates a bulge into the lumen of the capillary.
Note that capillaries of one "bed" also connect with
other capillary "beds." Accérdihg to Chambers (21),

the smooth muscle sphiﬁcter cells are activated by vaso-
constrictor nerves, with there being no evidence for
vasodilator nerveé.

Also according to Zweifach and Chambers, vaso-
motion is markedly affected by irritation such as handling,
stroking, stabbing, by nerve sﬁpply such that vasemotion
ceases when‘the nerve supply is iﬁterrupted, and by deep
anaesthesia with nembutal or'similar agent. It can be
increased further by acute haemorrhage, by sympathetic
nerve stimulation, and by intravenous injections of such
drugs as adrenalin, anglotonin, and adrenal cortical
extract. It can be decreased (with some oedema formation)
by a temperature rise (37.5 to 41°C), by a temperature

fall (10 to 20 ©C.), by direct trauma, and by increased

o
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vital activity as muscular exercise or gland secretion.
Agents as histamine, adenylic acid, adenosine, kalli- .
krein, and acetyl choline are supposed to increase the
capillary circulation without decreasing precapillary
vasomotion, In the epinephrine response, the metart-
eriole and precgpillary sphincters constrict. Increasing
the concentration gives progressively further constriction
slong the metarteriole toward the distal central arteriole.
In the histamine response there is dilatation of the art-
erioles, metarterioles, and precapillary sphincters.

This dilatation occurs in the capillaries only, if the

blood was flowing through them at the time.
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Whether all that Chambers and Zweifach describe

is true or not, they have mapped out very well the various
functioning units of the capillary bed, and their manner
of action, and such an understanding was very helpful for
a beginner to find his way around in the mesoappendix, for
the parts labelled by Chambers and Zweifach were readily
identified, and frequently observed to function as they
said they should.

The Observation of the Rat Mesoappendix

As mentioned near the beginning of this thesis,
D.L. Warner ( 7) waé observing capillary changes in rats
rendered hyperténsive with compound F, and the same
apparatus he used was taken over for the present work.
Much of the following description of the equipment is
teken from his unpublished thesis.

Generally Knisely's technique (18) for trans-
illumination of living structures was used. A light
source from a dismantled lantern slide projector with
a four hundred watt bulb was used. This may be seen
in the lower right hand corner of the first photograph.
One end of the projector was sealed off by a circular
pliece of one inch board five inches across. A hole was
made in its centre for the end of the fused quartz rod

(the glass-like rod may be clearly seen in the first
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photograph going across from the projector towards, and
actually between the hind feet of the rat). This red
transmitted and "bent" the focused beam of 1ight.rmght
to the desired location. This may be seen quite dearly
in both photegraphs as & highlight on the mesoappendix
approximately 1 em. under the microscope nose.
' The quartz tube used was modelled after the
improved tube described by Knisely (16). It was twelve
inches long, and the first ten inches were eleven mm, in
diameter. The last two inches tapered down to about Hhree
mm, The last half-inch was curved upward at an angle of
ninety degrees. The last two inches were hollow, with a
one mm. channel down the shaft from a side arm. A
Lietz dissecting microscope was used, binocular as illus-
trated and it provided for magnifications of 12.5x, 50x,
and 100 x. The latter, 100 x, was the customary system
used. These lenses were mounted on a moveable nose-
plece, which was used primarily fer observing various
areas of the mesoappendix (and not for changing lens
systems as designéd) instead of moving the animael mounting.
The irrigation fluid was maintained in a four
litre brain jar contalner covered in a water bath which
was thermostatically controlled for about 43°C. The
solution was siphoned off and passed along two poly-

ethylene tubes, one connecting to the side arm of the
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quartz tube, the other ending in a fine glass tube that
was suspended over the mesoappendiX preparation in a
moveable fashion. All this is clearly visible in the
illustrations. The polyethylene tubes will be seen
emerging from a thick rubber tube about one inch across.
This was devised to keep the drip solution warm until it
was delivered to the mesoappendix, and hot water bath
water was circulated through this rubber casing by means
of a simple rotary pulp. The drip solution was delivered
at the mesoappendix at a temperature of approximately
37°cC.

The anaesthetized animal would bebgiven a median
abdominal incision and laid on its right‘side on a little
shelf of lucite that was attached on the top of a lucite
box one inch deep to catch the expended drip solution.
The caecum would be carefully exteriorized, and the meso-
éppendix would then be draped over a little lucite loop
two cm. across attached at‘a suitable height above the
shelf to avoid tension on the mesoappendix. Warm saline
soaked cotton packs (not shown in the illustration) would
then be packed around the loops of bowel to keep them
warm and molst, and also to support further the caecum.
The warm drip solution was then started, which flowed over
the mesoappendix from above. Solution also flowed out
the channel in the guartz tube, but in as.much as this

tube did not usually touch the mesoappendix, this fluid
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served little more than to keep the end of the tube
from gathering blood, etc., that would obstruct the
beam of light. Warner had perfected the apparatus

and little adjusting was necessary. The photographs
illustrate the equipment exceedingly well, and all
points mentioned can be picked out, The second picture
shows»very clearly the loop of caecum draped on the
observer's side of the loop (also visible, but not toe
well demarcated, with the highlight from the quartz
tube showing at its centre). The highlight i1s produced
not by the end of the quartz tube alone, but mainly by
the light shining on the translucent mesocappendix.

| Some difficulties with drip solutions were ex-
perienced. At first a plain Ringer-Locke solution was
prepared (formula in appendix). But according to the
prelongation in the normal state through the addition
of gelatin as discussed by Zweifach (14), it was de-
cided to add gelatine and glucose both te the Ringer-
Locke solution as outlined in the aggendix at the end
of the thesis., This resulted in much more physiolqgical
preparations,

The Freezing Point

Running across both photographs is a winding
malleable metal tube leading from a carbon dioxide tank,

not shown, to the right of the pictures, across toward
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the microscope to end in a control valve apparatus.

This apparatus is the operating unit from a Spencer
carbon dioxide quick-section microtome. This has

been adapted according to Hass and Taylort!s directions

( ) by the inclusion of the parts listed in the
appéhdix at the end of the thesis, The freezing}plate
was removed from the microtome unit to leave esséntially
the control needle valve., To this was attached a Luer-
Lok unit as on the end of Luer-Lok syringes. Then

was constructed the unit sketched beliow which was readlly

Luer-Lok fitting
Co

15 needle

2

supply line 9 a

attaches 1 nee e
! ///

Hub of 19

needle sold- //// T

ered to Luer-

here
Lok fitting so

tip of needle is \

1 or 2 nm. prox- - EXxpanded

imal to closed COs dis- 1 d

peint of 15 needle chgrges Ehggeplg{e
here to of solder
outside
air

Hass and Taylor's Cold Point Apparatus
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attachable to the rest of the unlt (needle valve and
carbon dioxide gas supply). The principle of the

cold point was quite simple, utilizing the cooling effect
of expanding gas, in the same way as carbon dioxide snow
is made, The liquid carbon dioxide, or probably highly
compressed carbon dioxide was conducted down the shaft

of the number nineteen needle at a rate controlled by the
needle valve, The tip of the nineteen ended just prox-
imal to the closed tip of the fifteen‘needle (the cold
point, at the end of the apparatus). The gas expanded
from the point of the nineteen into the larger shaft of
the fifteen. The Luer-Lok fitting with the side-arm
had already been affixed by airtight seal to the shaft

off the nineteen needle (at an appropriate level so that
the point of the nineteen was just immediately proximal
to the closed off point of the fifteen when the fifteen
needle was locked onto the Luer-Lok fitting) and with

the fifteen needle locked onto the fitting, the now
expanded gas was able to flow gggximally within the fifteen
and to escape through the side arm to the outside air,

By controlling the rate of gas flow, usually with short,
closely spaced "jets", a freezing temperature could be
obtained at the closed tip of the fifteen needle. This
cold tip could then be applied to a suitable site on the

mesoappendix, just as the model in the photographs is
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demonstrating. The placing of the cold point could be
localized very accurately through the microscope onto
just the desired capillary bed. The usual capillary bed
just about filled the field shown by the microscope at
the 100 power magnification. The cold point could be
precilsely localized over any certain vessel. When the
point was placed, the gas was turned on, and the area

at the point allowed to freeze (the warm saline drip was
swung out of the way), A freezing condition was indicated
by a sudden whiteniﬁ; of the area due to ice formation

in the moist film still remaining on the mesoappendix.
This involved the whole thickness of the mesoappendix and
the area of the mesoappendix affected was always within
the field of the microscope at the 100 power magnifica-
tion. In this way, by centering later at the originally
selected area for freezing which was at the centre of the
field, the boundaries of the frozen mesoappendlx could
always be exactly determined. The flow of gas would be
turned off at the expiry of approximately twenty-five
seconds, and at exactly thirty seconds the warm drip was
resumed over the point and the mesoappendlx, Thawing was
nearly instantaneous, and then, but only then could the
needle point be removed,

Epinephrine Response

Zweifach (14) outlines in.quite careful detail his
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epinephrine response test. He discusses a threshold
response to vasotropic substances, and he defines the
threshold response as just enough of the substance to
give a moderate narrowing of the terminal arterioles
and precapillaries just sufficient to slow the flow of
blood through the capillaries and tributary venules:
within fifteen to twenty seconds. The threshold response
to epinephrine varies in different arterioles within the
same tissue., One part in six million 1s just below the
level to give a response. The warm drip solution should
be restored between trials. The epinephrine should not
be applied oftener than at three minute intervals, and
also repeated applications of epinephrine sensitizes the
tissue to the drug. Zweifach lays down certain criteria
for considering a preparation in a normal state. It
must give the epinephrine response. Blood flowing through
the capillary beds should be intermittent. There should
be a minimum of leukocytes sticking or diapedesis in the
walls of the veirulless. There should be no capillary
stasis or stagnation. He further states no tests can
bé made more than fifty to sixty seconds after the prep-
aration is mounted, Also, materials with marked side
reactions invalidate the mesoappendix test.

These details of the criteria and characteristics

of the threshold epinephrine response .were of great



34

value and usefulness in studying the capillary reations
of the rat mesoappendix. As will be seen in the
prelimihary capillary tests with epinephrine and compound
F as recorded in the following section of the thesis,

the actual performance of the test was relatively easye.

Localized Cold Injury Experiments

With the cold point apparatus as described, a
great number of tests were performed with control animals
as recorded inAfolloWing sections of the thesis. The .
behavior of the vessels of the ﬁesoappendix to the freegzing
effects soon fitted into a definite pattern. As:mentioned,
the cold point would produce solid ice at probably below
zero degrees. The onset of the freezing would be too
rapid for total vasoconstriction within the affected
area, but within twenty to thirty seconds after the thawing
any vasoconstriction present would be overcome with a
generalized hyperemia within the injured area.  Usually
within thirty seconds of thawing (called rapid thawing
because the warm drip was used~to”melt the cold point away
from the mesoappendix) slowing would be observed in a
few of the postcapilléries, and very soon what was tefmed
"sludging" would appear, also called "stasis". The precise
nature of this process was not determined, but it constantly
occurred, The oedema described by Shumacker could not be
-observed microscopically, but as Shumacker says (as on page

11 ) the formed elements of the bloodwere seen prégressively



1)

to fill the small vessels, bringing to a halt the circ-
ulation through them. This stasis was reversible, at
the beginning at least, since mechanical pressufe or
changes in the blood flew in adjacent vessels would
‘break up the red cell masses., This spread of the
stasis was also constantly observed, and the term
"spread" is used in following descriptions in two ways,
rather indiscrimambly. In one instance the spread

meant just what is implied here, a progression of the
stasis along a continuous channel. More often the

term was employed to signify the appearance of stasis

in separate,nét necessarily connected channels, somewhat
as an infectious disease spreads through a neighbourhood,
although this is not strictly a correct usage at all,
even though convenient. For the purposes of the
experiments, the exact meaning of the term does not really
matter.

Recording of Observations

In all the records of the experimental observations
there will be noted & boring and apparently useless
repetition., The decision was made early to indicate var-
iables in the technique within the text éf the descript-
ions for each preparation, as opposed to describing the
general method at the beginning, and merely the bare
variations with each animal. It seemed when the records

were written up that such variables as how much anaesth-
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etic was used and exactly how it was administéred, and
exact time lapses, etc were important, and such a diversity
of detalls could not be indicated without much repetition.

Criteria for a Drug Effect

At the end of each section of the data dealing
with the cold point experiments appears a summary table.
The columns are headed by such titles as onset of stasis,
spread of stasis, generalized stasis, resumed flow. These
need explaining, because of the necessity for defining just
what was meant by an effect due te the influence of some
medication or treatment,

The time for the onset of the stasis was one item
considered imporfant. If stasis is such a pronounced
feature of a freezing injury, any medication that could
delay stasis or prevent its appearance altogether would
be a valuable agent. This applied tggfor the extent
in the development of the vascular stasis. A drug might
not necessarily delay or prevent vascular stasis, but it
might 1limit the extent to which it affected the frozen
tissue. = The idea that_a drugweffective in frostbite
therapy stemmed partly from the fact that the stasis was
a reversible process, but mostly from the facts that
procaine flushed over a static field would dilate the
small vessels and cause a restoration in the circulation.
This was hence regarded ss a likely attribute in drugs

effective in frostbite therapy.
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Although these criteria might appear to be
fairly objective and scientific, such was in fact just
an illusion. Vascular fields in the rat mesoappendix
were unfortunately found to have as much resemblence to
each other as human faces have to other human faces.
One mesoappendix might have only one or two wide areas
sparsely crossed by a few fine capillaries that could
possibly pass as capillary beds. Other preparations
would be just crowded with vessels going every possible
direction. When trying to specify as to what the extent
of the stasis was, or how rapid the spread was, it is
obvious that there were difficulties. On the whole, the
observation of the mesoappendix was a very subjective
mattere.

A necessary feature of the microscopic experi-
ments lay in the decision to alternate when possible
the test and the control preparations. It took generally
four hours to perform a microscopic experiment of ten or
twelve animals. Conditions could and did change greatly
in the room used for a laboratory over this time. Hence
the testing of all the control animals followed by testing
of the test rats was discarded as impractical.

Care of Animals

Rats, either Wistar or Hooded, in the 150 to 250

gram weight range were obtained in batches of fifty or so
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when available upon requisition from separate breeding
stock barns elsewhere on the campus. They were housed

In a well ventilated windowless inside room, in tiered
animal cages hoiding from three to six animals each,

Fresh drinking water was available to the animals at

all times and Purina Fox Chow Checkers were kept suspended
in each cage in a feeding trough. All animals stayed
healthy-and well in these surroundings for indefinite

o

periods of time. They were separated according to sex.
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Preliminary micrescepic observations

using Compound F

(17 hydroxy-cortisene 21 acetate)

Preliminary capillary experiments

In order te galn some experience with the use
of the microscope in connection with capillary observ-
ations, certain tests were performed using the capillary
epinephrine response as described by Zweifach, B. W.
(14). Warner, D.L., the senior medical student ment-
ioned so frequentiy in this theslis as a part-time helper
with the project, while performing experimental work in
connection with his graduating thesis for the Faculty of
Medicine at this university, tested capillary fesponse
to various drugs including compound F., and he found
certain effects due to the drug which greatly modified
the capillary response to epinephrine, He found ( 7 )
that whereas a 1:4 million (abbreviation for one part in
four millien parts) dilution was the threshold concent-
ration of eplnephrine needed to elicit: & vasomotor re-
sponse as determined by metarteriole and precapillary
constriction, that after injecting compound F. for a
certain number of day§ the threshold response had de-
creased to 1:18 or 1:20 million dilution of eplnephrine.

Because of the supposed delicacy of the tech-

nique of examining vascular responses under the micro-
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scope, it was felt that a repetition of Warner's work,
in part, especially if it could be coenfirmed, would
serve both as an initiation inte the technique and also
would serve in a small measure to increase confidence
in the reliability of later observations with localized
cold experiments.,

Initlal epinéphrine response tests

The purpose of the following tests was to try
to determine the threshold epinephrine response of the
metarterioles and precapillaries in the mesoappendix of
the rat. Several adult male Wistar rats were selected
and set aside for use on several successive days. The
apparatus was set up as described and a simple Ringér—
Locke saline drip solution used. Epinephrine chloride
solution 1:1000 was maintalned in a small flask at the
temperature of the water bath, and several test tubes
of drip solution were also kept warm, with carefully
measured quantities of drip solution to permit rapid
preparatlion of the diluted epinephrine so as to minim-
ize the tendency for the epinephrine to decompose. This '
decomposition of the epinephrine,espeqially when w;rﬁ
and mixed with the drip solution,was a real problem, and
as will be explained later possibly accounted for some
of the conflicing results obtained.

Animal 1
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A normal adult male Wistar rat weighing 135 grams
was anaesthetized with 0.13 cc. of 0,6% nembutal sol-
ution administered intraﬁefitoneally at zero minutes.

At twenty-four minutes the preparation was mounted and
ready on the microscope stage. The temperature of the
drip solution was 33.5°C., and this was allowed to drip
over the mesoappendix except when the test solution was
flushed on with a medicine dropper. Appreximately =
thirty seconds after the test solution was applied, the
drip would be resumed until the next tes&. Long enough
an interval was allowed for the preceding epinephrine

to be washed away and for the vessel to recover from its
effect before any more was used. An interval of about
five minutes was considered suitable, and this was found
to be adequate. At thirty-two minutes 1:2 million
epinephrine was applied and this gave a very strong
response, classed as ff4#£. At thirty-seven minutes

1:4 million gave a f/dfégponse, at forty-two minutes

1:6 millien gave n@ﬂéesponse. At forty-seven minutes a
1:4 million dilution gave a f§£ response. At fifty-two
minutes a 1:5 million dilution gave a ##¢# response. At
fifty-seven minutes a 1:6 million dilutién gave a very
doubtful response, classed as plus or minus. On the

basis of this, and with Warner's agreement (he worked
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with me for the first day) the threshold response was
set at>1:5 million dilution.
Animal 2

A normal adult male Wistar rat weighing 145
grams was anaesthetized with 0.13 cc. of 0,6% nembutal
solution administered intraperitoneally at zero minutes.,
The animal was ready on the microscope by twenty-~three
minutes. At thirty miﬁutes there was no response to
1:7 million epinephrine (8ll dilutions were freshly
prepared each time they were needed); at thirty—seven
minutes no response te 1:;6 million dilution; nor any
response at forty minutes to 1:5 million. At forty-two
minutes 1:4 million gave a ¥ response two minutes later
which lasted only a minute. At ferty~-seven minutes
1:5 million gave no response, but at fifty-two minutes
1:3 million gave a ¥f. The preparation was discontinued
at fifty-five minutes. The temperature of the drip
solution at the mesoappehdix was 36°C. The thresheld
response was considered to be on the basis of this prep-
aration 1l:4 million dilution of epinephrine.
Animal 3

On the following day, the same set-up was made
ready as before, and a normal adult male Wisfar rat
weighing 150 grams was anaesthetized with 0.13 cc of

0.6% nembutal solution, at zero minutes. The preparation
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was ready on the microscope at twenty-three minutes
with the drip going. At twenty-six minutes 1:6
million'gave no response, but three minutes later 1:5
million gave & fg¥y¥ response. At thirty-two minutes
1:6 million gavé“é very doubtful effect, and the same
with 1:5 million four minutes later. At thirty-nine
minutes 1:5 million gave no response, but at forty-

two minutes it gave a doubtful effect. At forty-five
minutes a 1:4 million solution gave a fFF effect. At
forty-nine minutes 1:5 million gave no rQSponse, ner
did 1:4 million two minutes later. Finally, at fifty-
four minutes 1:5 million failed to glve any effect.

It was noted that flushing on the adrenaline too soon
after the preceding application ghves an unsatisfactory
response, Possibly the preparation was kept too long.
On the basis of these observations; the thresheld for
the epinephrine response was felt to be 1:5 millien
dilution. '

Animal 4

' A normal adult male Wistar rat weighing 160
grams was anaesthetized with 0.13 cc. of o.é% nembutal
solution administered intraperitoneally, at zero min-
utes. At twenty-five minutes the preparation was |
mounted on the microscope stage and ready with the drip
going sat 3690. At thirty-seven minutes 0.07 cc of
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0.6% neﬁbutal had to be repeated because of lightness
of the anaesthesia. At thirty-nine minutes a 1:6
millien dilution gave no response. At forty-three
minutes a 1:5 million dilutiog gave a gy effect, which
was repeated at fifty minutes. At fifty-five minues
1:5 million epinephrine had no effect, nor did 1l:4
million at sixty minutes. One minute later a drop of
plain ice water gave a vigourous gff¥ response, and
at sixty three minutes 1l:4 million épinephrine gave
a f# response. The preparation was discontinued at
siity-five minutes and the threshold response was
considered to be 1:5 million dilution.
Animel 5

A normal adult male Wistar rat welighing 175
grams was aneesthetized with 0.15 cc of 0.6% nembutal
solution administered intraperitoﬁeally, at zero minutes.
At twenty minutes the preparation was ready with the
drip geing. At twenty-four minutes a 1:6 millioen
dilution gave noe response, At thirty-two minutes 1:5
million epinephrine gave a g response, Five minutes
later, on repeating the l:5wmillion,,a doubtful effect
was obtained. At forty-twe minu£es 1:4 million gave
no response, but three minutes later the 1:4 millien

produced a f¢ effect. It was noted (a) the saline
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packs kept over the exposed bowel were toc coeol, and
(b) there was some degree of genersal stasis in the
meéeappendix first noticed about the forty-two minute'
period. There was alse some blood loss from the
abdeminal incision which might have affected the general
circulation. The preparation was discontinued at
fifty minutes, and the threshold level for the epineph-
rine response was felt to be agalin 1:5 million.
Animal 6

The following day the same experiments were
continued. No attempt was made to control the temp-
erature of the drip solution falling on the meseappendix
(the faster the drip ran the shorter time it was in the
éonnecting tubing end the less heat it lost on its way
from the water bath) and the average temperaﬁure was
about 37°C.  Generally, in the following five snimals
much more spontaneous vasomotion was noted than at the
previous temperature levels of 33 to séec. This may
explain the slightly higher threshold levels obtained
with this and the following preparations.

A normal adult maele Wistar rat, weight not
recorded, was anaesthetized with 0.13 cc. of 0.6%'
nembutal solution administered intraperitoneally: The
temperature of the drip over the meseappendix were‘36.é°C.

The preparation was ready at six minutes., At Bixteen
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minutes 1:7 million epinephrine gave a §¢#££ response,
which was repeated five minutes later, and at twenty-
five minutes 1:8 million gave a ffF response. A minute
later plain drip solution gave no response, nor did
1:8 million dilution at twenty-eight minutes, nor did
1;7 million dilution at thirty-one minutes. 1:6
million failed to elicite any response at thirty-four
minutes and 1:5 million did the smae at thirty-seven
minutes. 1:4 million gave a /’ré;ponse at forty
minutes, and at 43 minutes cold 1:100,000 dilution gave
a AAfF¢ response. For reasons not recorded, it was
-felt that 1:4 million was the threshold, and not 1:7
or 1:8 millioen was would appear to be. This opinion
would have better support if the interval between the
applications of the epinephrine had been longer than
three minutes.
Animal 7
A normael adult male Wistar rat, weight not
recorded was anaesthetized with 0.13 cc. of 0.6% nem-
Qytal solution administered intraperitoneally, and
fifteen minutes later 0,05 cc. had to be repeated to
obtain a satisfactory depth of anaesthesia. The
preparation was ready at twenty minutes, on the micro-

scope, with the warm Ringer-Locke drip running. At
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twenty-two minutes 1:10 million epinephrine géve no
response, 1:8 million did not at twenty-six minutes,
1:7 million did net at twenty-nine minutes, and 1:6
million did not at thirty-twe minutes. At thirty-five
minutes 1:5 million dilution gave a very doubtful
response, but 1:4 million gave a definite ¥ response
at forty minutes, but no response at forty;five min-
utes. At forty-eight minutes cold 1:100,000 epineph-
rine gave a very stroeng f7fF response, and at fifty-
three minutes 1:4 millioﬁ'géve a ## response, At
fifty-six minutes 1:5 million failed to give any
effect, but three minutes later 1:4 million gave a
F response., Finally at sixty-twe minutes, 1:100,000
cold epinephriﬁe gave a very strong gFfF response.
The preparation was discontinued at'éiify-five minutes
and the threshold was considered to bé 1:4 million
dilution of epinephrine.
Animal 8

A pormal adult male Wistar rat of unrecorded
welght, was anaesthetized at zero minutes with 0.13
cc., of 0.6% nembutal solution administered intraperi-
toneally, and the preparation was ready with warm drip
going at fourteen minutes. There‘was much vascular
stasls throughout the vascular field of the meso-

appendix. At twenty~four minutes 1:6 million dil=-
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ution of epinephrine gave a ff£f response, and five
minutes later 1:7 million alééwgave a ### response.
The vascular stasls worsened gradually, and the
preparation was discontinued with no results eobtained.
Animal 9

A normal adult male Wistar rat welghing 155
gréms was anaesthetized at zero minutes with 0.13 cc.
of 0.6% nembutal solution administered intraperiton-
eally, and the preparation was ready ten minutes later.
At ten minutes 1:6 million dilution gave ne response,
but at fourteen minutes 1:5 million gave a §# response.
This was a very beautiful preparation to observe. At
sixteen minutes 1:4 million gave no response, but five
minutes later it gave a doubtful response. At twenty-
six minutes 1:3 million dilution gave a #¢ response.
The epinephrine was obviously getting bréﬁn, and was
made up again from fresh 1:1000 stock epinephrine. At
thirty-five.minutes this fresh solution gave at 1l:4
million dilution a f£¢ response. At forty minutes
1:5 million gave also a ## response. At forty-four
minutes 1:6 million gaveqﬁo response, but a minute
later 1:5 million gave a f£f response. The preparation
was discontinued at fifty"ﬁinutes; and it was felt that

1:5 million was the threshold dilution for the epineph-
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rine response.
Animal 10

A normal adult male Wistar rat weighing 155
grams was ansaesthetized with 0.13 cc. of 0.6% nem-
butal solution administered intraperiteneally, and it
was ready on the microscope stage with the warm drip
going at five minutes, At seven minutes 0.05 cc of
nembutal had to be repeated. At seventeen minutes
1:6 million dilution of epinephrine gave a gf¥ response,
1:7 million gave a ##4 response at twenty minutes, and
so did a 1:8 million solution at twenty-three minutes.
At twenty-six minutes leukocytes were observed sticking
to the walls of the larger vessels, and the preparation
was discontinued as unphysiological. The temperature
of the drip solution was 379cC. No results were re-
corded,

Summary of Observations

No. Threshold eplnephrine response in millionths
L. 1:5 |
2. 1:4
e 1:5 7. 1:4
4, 1:5 8. No results
S. 1:5 9. 1:5

6. l:4 ¢ | 10 No results
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Discussion eof Qbservations

These observations agree with Zweifach, B.W.
(14 ) who stated a l:é million dilution of epineph-
rine is just below the level required for a vascular
response according to his technique. Here, with the
doubtful exception of Animal 6, no threshold was found
lower that 1:5 million, and incidentally, nonewwas found
higher than 1:4 million, which is rather an excellent
result.

It was learned that the requirements for a
physiologlical preparation are fairly strict, and some
of the signs that a preparation was beginning to spoil
were observed first hand. These lessons were put to
good advantage later on the local cold experliments.

Note that a plain Ringer-Locke saline drip was employed.
There were found later advantages to using a gelatin-

glucose enriched and buffered drip solution.

Observations with Compound F

The purpose of the éxperiments here outlined
was to tést the effect compound F would have on the
epinephrine threshold response in the circulation ef

the rat mesosppendix. = 2.0 mg. of compound F 1n saline

suspension in a concentration of 25 mg. per ce. (that
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is.0.08 cc. per injection) administered intrapéritoneally
every day for approximately two weeks, was the contemplated
dosage level, prlor to the microscopic observations.
Eighteen normal adult male Wistar rats were sel-
ected, and after marking the ears characteristically
the initial weights were taken as recorded on the Data
Sheet. The animals were divided inte three groups of
six each so that the injections could be started in a
staggered manner to finish the series on different days
for convenience in testing. The medication was given
to three test animals in each group, and the remaining
three were for controls to be examined alternately with
the test animals, At the end of the series of inject-
ions with compound F, the epinephrine threshold reéponse
test was performed on each rat as in the previous eXper-
iment. Details for each animal are as follows:

Animal lr(Control)

The rat was anaesthetized with 0.13 cc. of O.é%
nembutal solution administered intraperitonesally, haviﬁg
recelved no previous medication, and the preparafion was
ready on the microscepe stage with the warm drip running
at thirteen minutes, At twenty-five minutes there was
a very doubtful response to l;é million dilution of epi-
nephrine which could not be repeated at twenty-eight

minutes., At thirty-one miﬁutes 1:5 million dilution



52

Data Sheet
Animals 1 teo 6

Control 160 = = = = = = = = = = = =192 - T
154 mem = = == m - - - - ~190 = T
166 = = = = = = = = = - - =204 -T
Test 166 FFFFFFFFF F F F1l64 F T
176 FFFFF P FFF F F F 180 P T
147 FFFFPFF FFF F F FI1I50F T

i/ - s/e : ‘

Day 1 23456789 1011 12 13

Animals 7 to 12

Control 144 = = = = = = = = = - = =206 -7
155 = = = o o = = - - - = =214 - 7
146 = = = = = - - - - - = =211 - 7T
Test 162 FFFFFFFFF F F FLl63 F T
"2 PFFPPPFFPFPF F F F198 F T
153 FFFFF FFFF F F F 135 P T
i/p s/c '
Day 1 23 456789 1011 12 13
Animals 13 to 18
ContI‘Ol 175 --------- - - - - - - - 248
153 = = = @ @ - - - - m e m e m = = = 23]
150 = = = = = - - - - - e e e = = o= - 227
Test 19O FFFPFPFFFFPF F F F FP F P F F 201
I4S FPFPFPFPFPPFPPFPFF P P P F F F F F 162
I8 P PFFFFFFF F F F F FP F F F 163
i/p s/c
Day 1 234567891011 12 13 14 15 16 17 18

[

(~, means noet administered, F, injection, T, fested, ?,
wasted, 1i/p, intraperitoneally, s/¢ subcutaneously)

o g "1
") 3 9 9 3
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gave a § response, and three minutes later the same
dilution gave a #7/# response. The preparation was
~ discontinued and the threshold was recorded as 1:5
million, |

Animal 2 (Test)

The rat was anaesthetized with 0,13 cc of 0.6%
nembutai solution adminlistered intraperitoneally after
thirteen daily intraperitoneal injections of compound
F. At fifteen minutes 0.03 cc, of the nembutal had
to be repeated, and the preparation was ready at twen-
ty-five minutes with the warm drip running. At thirty-

million -
one minutes a 1:10~dilution gave a f¢ response, and
four minutes later 1:10 million dilution gave a fss
response. At thirty-nine minutes 1:14 millien éé;e
ne response, and 1:10 millibn failed to give any
response at forty minutes but gave a f#y three minutes

later. At fifty-one minutes 1:14 dilution gave ne
: milliien

response, At fifty-four minutes a 1:10%gave a very
doubtful response, and so did 1:8 million at fifty-
seven minutes. There was too much vasculsr stasis
to be sure. Probably solutions weaker than 1:10
million would have given a response if they had been
used first. The results of this test had to be dis-

counted in view of the fact the preparation was not

entirely physiological.
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Animsl 3 (Control)

The rat was enaesthetized with 0.15 ccof 0.6%
nembutal solution administered intraperitoneally at
zero minutes, and at ten minutes 0.05 cc. of nembutal
solution had te be repeated. The preparation was
ready at twenty minutes with the warm drip running.

At twenty-four minutes l;é million dilution of epi-
nephrine gave a very doubtful vascular response. At
twenty-seven minutes 1:5 million gave & f/£f response
which was repeated in three more minutes:W“At thirty-three
minﬁtes 1:6 million did not give any response, and at
thirty-seven minutes 1:;5 million did not either. At
forty minutes 1:4 million gave a very doubtful effect.
At forty-two minutes 1:100,000 dilution gave a strong
7### response. At forty-five 1:4 million gave a grpgf#
fé;ionse, and at fifty-two minutes 1:5 million gavé‘é“

| ### response, 1:6 million gave a fgf-response both at
fifty-two and fifty four minutes. At fifty-seven
minutes 1:7 million gave. a f£Ff#¢ response and at sixty-
one minutes 1;10 million gave also a fg#ff response.
Finally, at sixty-five minutes plain éfiﬁ solution gave
a AAF£#s and the preparation was discontinued because
vascular stasis was quite obvious. Probebly no results
after forty-two minutes were valid, and 1:5 million was

accepted as the threshold for this test.



55

Animal 4 (Test)

The rat was anaesthetized with 0,15 cc., of
0.6% nembutal solution administered intraperitoneally
after thirteen daily intraperitoneal injectiens of
compound F. At eighteen minutes the preparation was
ready with the warm drip running, end 1:10Cmillion
epinephrine solution gave a ## response. At twenty-

million o

three minutes a 1:14"dilution gave a ¥¥ response,
end at twenty-eight minutes a 1:16 million dilution
gave & Jj¢ response. At thirty-three minutes plain
drip Waéuflushed over the mesoappendix with no appar;
ent effect on the bleod vessels, At thirty-foﬁr
minutes 1:20 million dilution was tested with ne re-
sponse. At thirty-nine minutes 1:18 million gave
a doubtful response. At forty-twe minutes 1:16
million gave a F#y response, and then at forty-seven
minﬁtes 1:18 was tried again and it gave a definite
#F# response. In two minutes 1:20 million gave no
effect but when 1:18 milllon was tried at fifty—one
minutes it gave a g£f£ response, This was a wonderful
preparation te work with. The preparation was dis-
continued at fifty-five minutes, and 1:18 million
was accepted as the threshold level.

Animal 5 (Control)

Tﬁe animai was anaesthetized with 0.13 ecc. of
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0.6% nembutal solution administered intraperitoneally
at zero minutes, and the preparation was ready at ten
minutes. At twelve minutes 1:10 million dilution of
epinephrine gave no response, nor did 1:8 million at
fifteen minutes, nor did 1:6 million at nineteen
minutes. However at twenty-three minutes 1:5 million
dilution gave a Jfff response. This was accepted as
a very definite threshold and the prepération was
discarded at twenty-five minutes.,

Animal 6 (Test)

The rat was enaesthetized with 0.13 cc. of 0.6%
nembutal solution administered intraperitoneally at zero
minutes after thirteen daily intraperitoneal injections
of compound F.. At eleven minutes 0.05 cc. of némbutal
had to be repeated (subcutaneously) and the preparation
was ready at nineteen minutes. At twenty~-five minutes
120 million dilution of epinephrine gave ne vascular
response. At twenty-eight minutes 1:18 million gave
no’response, but at thirty-one minutes l:lé million
gave a gyf response, Then at thirty-four minutes
1:18 million gave a ff fesponse, but at thirty-eight
minutes 1:20 millionwéave no response. On this basis
1:18 million dilution was accepted as the threshold ,.
and the preparation was discarded,

Animal 7 (Control)

The rat was anaesthetized with 0.13 cc. of 0.6%
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nembutal solution administered intraperitoneally at

zero minutes, and at seven minutes the preparation was
ready on the microscope stage with the warm drip running.
At eight minutes 1:10 million epinephrine resulted in

ne vascular response, At eleven minutes 1l:6 millien
dilution gave a fff response, and at fifteen minutes

1:7 million gave‘éwff response which was repeated in
three minutes. At tﬁenty-one minutes 1:10 million

gave no response., At twenty-four minutes 1:8 millioen
gave a slight response. In view oflthe fact the
preparation was possibly sensitized to epinephrine at
this stage, although it was otherwise an excellent prep-
aration, 137 million was accepted as the threshbld
value, The preparation was discontinued at twenty-
elight minutes.

Animel 8 (Test)

The rat was anaesthetized with 0.15 cc. of 0.6%
nembutal solution administered intraperitoneally at
zero minutes, and at twenty minutes 0.0é cc., was re-
peated, also by intraperitonesl injection, and the
preparation was ready at thirty minutes, At thirty-
three minutes 1:;20 million dilution of epinephrine gave
ne response. At thirty-seven minutes 1:18 million
gave a g, definite but slight, response. At forty min-
utes l:i6 million gave a ¥ response, and at both three

and six minutes later 1:16 million gave a f response.
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1:18 million was accepted as the threshold value,
and the preparation was discentinued at fifty minutes.
Animal 9 (Control)

The animal was anaesthetized with 0.15 cec., of
0.6% nembutal solution administered intraperitoneally
at zero minutes, and the preparation was ready at
seven minutes with the warm drip running. At elight
minutes 1:7 million epinephrine solution gave no vasc-
ular response, nor did 1:;6 million at eleven minutes,
nor did 1:5 million at fourteen minutes. However, at
seventeen minutes, 1:4 million gave a definite ¢ response.
This was a good preparation with excellent active vaso-
motion., At twenty-two minutes 1:4 million gave a fF
response, l:4 mlillion was accepted as the threshoié,
and the preparatlon was discontlinued at twenty-five
minutes,

Animal 10 (Test)

The animal was anaesthetized with 0.14 cc. of
0.6% nembutal solution administered intraperitoneally
at zero minutes, and at five minutes 0.05 cc. were re-
peated, with 0.03 cc. more at thirteen minutes. The
preparation was ready at eighteen minutes.» At nineteen
minutes 1:20 million epinephrine gave ne apparent vasc-
ular reaction, but at twenty-two minutes 1:18 million
gave a J4f£ response. 1:18 million was accepted as the
threshold and the preparation was discontinued at

twenty-five minutes.
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Animal 11 (Control)

The animal was anaesthetized with 0.14 cc. of
0.6% nembutal solution administered intraperitoneally,
at zero minutes, with 0.05 cc. being repeated at both
fifteen minutes and twenty-one minutes. At twenty-
eight minutes 1:7 million epinephrine gave a f¥ resp-
onse, At thirty-one minutes 1:10 million gave a £§
which was repeated three minutes later. At thirty-
seven minutes plain warm drip gave no response, but
immediately after 1:10 million again gave a f£# response.
The physiological nature of this preparation was not
recorded, and 1:10 million must be accepted as the
threshold. The pfeparation was discontinued at forty
minutes.,

Animal 12 (Test)

The animal was anaesthetized with 0.13 cc. of
0.6% nembutal solution, and the preparation was ready
thirteen minutes after the intrapéritoneal injection.
At fourteen minutes 1:20 million epinephrine dilution
gave a #¥ response but some stasis developed subsequently
in the area k€ing observed. At seventeen minutes 1:20
million gave a f#f£ response, which was repeated at
twenty minutes.AHVascular stasis continued to develop in
the mesoappendix until the preparation was discontinued

at twenty-five minutes., 1:20 million was accepted as
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the threshold wvalue,

Animal 13 (Control)

The animal was anaesthetized with 0.14 cc.

of 0.6% nembutal solution administered intraperiton-
eally at zero minutes followed in twoe minutes by 0,05
cc. more, At nine minutes, after mounting the prep-
aration, 1:6 million epinephrine dilution failed to
give any vascular response., At nineteen minutes 1:5
million gave a #¥¢ and this was accepted as the thresh-
old value, |

Note

With animals 13 to 18,attempts were made to
photograph the record of fhe vascular responses, but
difficulties in managing the camera, etc., causea the
remaining five animals to be wasted,

'Summarzfof Observations

No. Kind Threshold dilution

11 Control - 1:5 million
2. Test No results”
3, Control 1.5 million
4, Test 1:18 million
5. @ontrel 1:5 million
6. Test 1:18 million
7. Contrel 1:7 million

8. Test 1:18 miliien
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Summary (Cont'd)

No.

Kind Threshold dilution

9,

10.
11.
12.
13.

Control 1:4 million
Test 1:18 million
Control 1:10 million
Test 1:20 million
Contrel 1:5 million

Discussion of Observations

These observations rather satisfactorily

confirmed Warner's findings as described,;that inject-

ing compound F into rats for a certain number of days

decreased the epinephrine threshold response from

a normal of 1:4 million dilution down to 1:18 million

or 1:20 million dilution.

They also form a base line of capillary per-

formance upon which later capillary behaviour was

judged.
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Record of Microscopic Observations

Here follows a record of observations made
microscopically on the mesoappendix of the rat as
outlined previously. Details of time periods and
injections are given individually for each animal
tested. The results are grouped by the drugs being
tested, according to the order of the table of

contents.

Procaine

Experimental observations with procaine hydrochloride

(A summary of the following results is given
in table form after Animal 10.)

Animal 1 (Test)

0.20 cc of a 0.6% nembutal solution were in-
jected intraperitoneally into a 280 gram adult male
Wistar rat. The preparation was ready on the micros
scope stage in nine minﬁtes. A few drops of one in
four million dilution of epinephrine failed to give
any vasomotor response in the capillary circulation of
the mesoappendix, but this failure was attributed teo
deterioration of the epinephrine. Three minutes
later, two percent procaine was dropped on, and the

rate of blood flow in the vessels generally was noted to

be increased. One minute after this, the cold point
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was applied to a selected area of the mesoappendix

with freezing for forty-five seconds, which was foll-
owed after thawing by increased blood flow, Two per-
cent procaine was dropped on the mesoappendix, but |
vascular stasis was observed in a few capillary bedS$S
within twenty-seconds of thawing, although the central
venule was functioning well. By three and a half
minutes after thaﬁing, there was stasis in the main
venule in the injured area, giving blockage and stasis
generally throughout the whole area affected by the
freezing. Therefore it would not seem as though the
procaine delayed the onset of vasostasis much following
the freezing injury. Ten minutes later one or two
capillaries were observed to be functioning at the edge
of the injured area, and three minutes after this the
warm saline drip was stopped, and two percent procaine
was instilled over the mesoappendix. This resulted in
a more rapid flow in the capillaries around the peri-
phery of the injured area, but there was no apparent
effect on any of the stasis within the frozen area. Four
minutes later more two percent procaine wasvapplied. In
ﬁwo minutes one large vessel that had been static was
functioning, and 1n another minute a couple of small
capillaries at the edge of the injured area were flow-
ing. Two minutes later more procaine was applied, which
resulted in a slight trickle of blood corpuscles through

the main static aresa. Three minutes later more procaine
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resulted in almost immediate opening up of the main
static area, although only temporarily, since the circ-
ulation closed down again on resuming the warm saline
drip. Three minufes later more procaine again opened
up the same channels, with increased vasomotion observed
in the vessels tributary to this main venular channel,
The preparation-was discontinued thirty-five seconds
after the initial freezing.

Animal 2 (Test)

A male Wistar rat in the 200 gram range was
anaesthetized with 0.15 cc of 0.6% nembutal solution,
and the preparation was ready seven minutes later. Two
percent aqueous procaine was applied to the mesoappendix,
and the speed of capilliary blood flow was observed to
be increased. One minute later, more procaine was
flushed over the mesoappendix, and 6ne minute still later
the cold point was appiied to a selected area with
freezing for thirty seconds., This resulted in immediate
vasoconstriction throughout the affected area, followed
by marked vascular dilatation. Procaine was dropped on
the field. Stasis In small venous channels appeared
three and a half minutes after thawing, but the process
was limited. Procaine was reapplied, and the stasis
was noted to have spread to involve an adjacent channel,
but within four minutes of thawing, the first channel
opened up and resumed its blood flow. One minute after

this the whole area was again in stasis, which was not
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greatly relleved by further applications of the procaine.

The preparation was not regarded at this time as being
particularly physiological, and it was discarded thirt-
een minutes after the initial freezing injury.

Animal 3 (Control)

A normal male adult Wistar rat in the 200 gram
range was snaesthetized with 0.15 cc of 0.6% nembutal
solution administered intraperitoneally, but the prep-
aration was discontinued because the whole mesoappendix
was found to be in vascular stasis on mounting on the
microscope stage. This stasis was not influenced by
applications of two percent procaine.

Animal 4 (Control)

A normal adult male Wistar rat in the 200 gram
range was anaesthetized with 0.15 cc of 0.6% nembutal
solution administered intraperitoneally, and the prep-
aration was ready in five minutes. The cold point was
applied with freezing for forty-five seconds, and within
sixty seconds of thawing stasis was observed in the
venules that had been frozen. This stasis did not change
in the following five minutes, and the preparation was
discontinued,

Animal 5.(Test)

A normsl adult male Wistar rat, in the 200 gream
weight range was ansesthetized with 0.15 cc¢ of 0.6%
nembutal solution administered intraperitoneally, and the
preparation was ready in six minutes. Two percent pro-

caine was applied locally on the mesoappendix, and the
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rate of capillary blood flow was observed to be gen=-
erally increased. Two minutes later the cold point was
‘applied with freezing for thirty seconds. Procaine was
applied immediately after thawing, and again thirty sec-
onds. after this. Forty-five seconds after thawing, the
blood flow in the injured area was greatly slowed, with
vasodilatation especially of the venules, but only two
and a half minutes after thawing was any stasis apparent,
and then only in two small capillaries, with a third
involved thirty seconds later. Three and a half minutes
after thawing the warm saline drip was resumed, and ninety
seconds later one third of the injured area was in vascular
stasis with Increased vasomotion observed in the remain-
der of the vessels in the frozen afea, Thirty seconds
later the drip was stopped and procaine was flushed over
the mesoappendix, with increased blood flow resulting,
and only one small area remained static. Two minutes
afterward the warm saline drip was resumed, with increased
slowing and stasis, which, in all except one large
connecting venule, was completely reopened by procaine
(and also except in the two above described static areas).
By twelve minutes after the freezing injury, the circ-
ulation in the rest of the mesoappendix was apparently
quite normal, and the preparation was discontinued.

Animal 6 (Control)

A normal a _dult male Wistar rat in the 200 gram
weight range was anaesthetized with 0.15 cc of 0.6% nem-

butal solution administered intraperitoneally, and the
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preparation was ready within five minutes. The cold
point was applied with freezing for thirty seconds,
followed by immediate rapid thawing. For twenty seconds
after thawing there was vasoconstriction and then marked
vasodilatation. By three and a half minutes after
thawing there was gstill no stasis except in one venous
channel, but when the warm Ringer drip was started there
was spreading stasis within thirty seconds. The prep-
aration was discontinued,

Animal 7 (Test)

A normal male adult Wistar rat in the 200 gram
weight range was uééd. It was anaesthetized with 0,15
cc of 0.6% nembutal solution administered intraperiton-
eally, and the preparation was ready in six minutes.
Two percent procaine was flushed over the mesoappendix,
and then the cold point was applied with freezing for
thirty-five seconds. In two and a half minutes after
thawing, stasis started to appear in small vessels. One
minute later the warm saline drip was resumed, with spread
of the stasis, although the main channels remained open.
The uninjured areas of the mesoappendix had apparently
normal circulation. One and a half minutes later the
saline drip was discontinued and procaine was applied. 1In
ninety seconds many of the channels opened up and resumed
circulation, but increased vascular tone gave more vaso-
motion in these channels. By ten minutes after thawing

it was noted that the general area of stasis was not

really greatly affected, in comparison with what it had
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been, and in comparison with the surrounding areas of
the mesoappendix,

Animal 8 (Control)

A normal adult male Wistar rat in the 200 gram

| weight range was anaesthetized with 0.15 cc of 0.6%
nembutal solution administered intraperitoneally, and the
preparation was ready in five minutes, with warm saline
solution dripping on the mesocappendix. The drip was
stopped and the cold point Wasvapplied with freezing

for thirty seconds., Within thirty seconds of thawing
stasis had started and was spreading rapidly in the
injured area. Two and a half minutes later the drip was
resumed which completed the generalized vascular stasis
within the injured area. The preparation was discontin-
ued,

Animal 9 (Test)

A normal adult male Wistar rat in the 200 gram
welght range was enaestheti ed with 0.15 cc of 0.6%
nembutal solution administered intraperitoneally, and the
preparation was ready in seven minutes, mounted, and with»
the warm saline drip running. This was stopped, and two
percent procaine was instilled lbcally‘over the meso-
appendix. The cold point was next applied, with freez-
ing for thirty seconds. The procaine was applied immed-
iately afterward, and greatly increased blood flow was
noted. By two and a half minutes after thawing, no

stasis was observed, and good vasomotion was apparent
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throughout the injured area. Procaine was again re-
applied, and by five and a half minutes after thawing,
there was still excellent blood flow with vasomotion,
but no stasis had developed. Two minutes later slight
capillary stasis generalized over the injured area was
readily obliteratéd with half percent procaine. One
minute later the warm saline drip was started with immed-
iaté general capillary stasis resulting in the injured
area. The drip was stopped, with sub-total resumption
of blood flow in the whole field. The preparation was
discontinued ten minutes after the initial freezing
injury.

Animal 10 (Control)

A normal adult mele Wistar rat in the 200 gram
weight range was used. It was anasesthetized with 0.15
cec of 0.6% nembutal solution administered intraperiton-
eally. Ten minutes later the cold point was applied
to a selected area of the mesoasppendix with freezing for
thirty seconds. Quite extensive vaso-dilatation follow-
ed the thawing, and within ninety seconds of thawing,
stasis started which rapidly became'extensive. By four
and a half minutes following thawing the whole injured
area was in stasls except for one large channel. The
preparation was discontinued five and a half minutes

after thawing.
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Summary of Results witk Procaine

No. Onset Stasis Spread Generaslized Flow Resum'd
1 Test 20" Yes 53t Py,

2 Test 3% No Finally FAF

3 Control No‘results, preparation discarded

4 antrol 45" Rapid Yes tione

5 Test 2k Slight Drip caused  Aff

6 Control 3%! Total stasis when drip

started after thawlng

7 Test 251 When saline FAF
drip resumed o

8 Control 30" Rapid when None
. drip resumed

9 Test 70 ' ‘ General when FrF
drip resumed

10 Control 90" Rapid 430 None

Discussion of Results

The unsuitability of plain Ringer-Locke saline
solution as a perfusion drip is readily apparent. 1In
spite of this uncontrolled factor, it is felt that two
percent procaine applied locally to the mesoappendix
both before and after a standard freezing injury with
the cold point for thirty seconds coﬁld be reiied on to
both delay the onset of stasis and reopen clogged and
static vessels onGethe stasis had occurred.

The average length of time required for the
onset of stasis in the test animals was nearly three and
a half minutes after thawing, whereas in the control

runs the corresponding time was approximately ninety
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seconds, Thus it would appear that two percent procaine

delays the onset of vascular stasis in a frozen capillary
bed after application of the cold point with freezing for

thirty seconds by an average of two minutes.

Before freezing of the capillary bed, two percent
procaine applied toplcally to the mesoappendix gave
greatly increased flow of blood in all vessels observed,
"both in velocity and in apparent volume of flow. This was
thought to be due to a vasodilajtory effect, with the site
of action not determined. The procaine could act dir-
ectly on the small blood vesseis or through inhibition of
the vasoconstrictor impulses. It was important to
observe that additional topical application of two per-
cent procaine frequently alded or caused the opening up
of channels in stasis, presumably through releasing
vasoconstriction, and thereby allowing a greater volume
of blood at a more effective hydrostatic and pulsile
pressure to flush the vessel free of the sludge of cells.

It was noted on resuming the drip after freezing
that vascular stasis in many channels developed almost
immediately, but often such stasis could be overcome by
local application of two percent procaine. It was thought
the plain saline drip sqlution used aided the transfer
of the liquid component of the blood through the damaged
capillary walls, and‘hence increased the sludging of
cells in the vessels.

Repeat Experiments with Procaine Hydrochloride

In this instance, the above trials were repeated -
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using a Ringer-Locke saline solution modified with

gelatin and glucose. A summary of the following re-
sults is given in table form after Animal 17,

Animal 11 (Test)

A normal adult mele Wistar rat in the 300 gram
“weight range was anaesthetized with 0,20 cc of 0.6%
nembutal solution administered subcutaneously and the
preparation was ready within twenty-eight minutes,
Procaine two percent was flushed over the mescappendix
and then the cold point was applied with freezing for
thirty seconds.

The preparation had to be discarded because it
was not sufficiently anaesthetized. The:ratoclawed its
intestines, and rolled off the microscope stage three or
four times, with general vascular stasis throughout the
mesoappendix, making evaluation 1lmpossible,

Animal 12 (Test)

A normal adult male Wistar rat in the 300 gram
weight range was anaesthetized with 0.20 ce of 0.6%
nembutal solution administered intramuscularly, suppos-
edly. Twenty minutes later 0.10 cc'more nembutal was
given, and the animal was ready in four minutes. The
Ringer-locke gelatine-glucose drip was discontinued and
two percent procaine was flushed over the mesoappendix.
The cold point was applied with freezing for thirty
seconds. Procaine was flushed on immediately after,
at which time the vessels were closed tighﬁuénd empty

of cells., Within sixty seconds of thawing,a few blood
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cells were flowing through. Procaine was reapplied
and by three minutes of thawing ninety percent of the
veﬁsels in the injured area were open and functioning.
Restarting the gelatine-glucose drip did not effect any
further stasis.

Further tests were performed with this prep-
aration, Thirty seconds after the drip was restarted
the injured>area was about ninety percent normal with a
few small capillaries in stasis. Sixty seconds later
two percent procaine was applied. This put the whole
area into stasis, which recovered entirely with resump-
tion of the warm drip, but shortly after, stésis re-
developed in the whole injured area. Purther procaine
gave only a little restoration of circulation which was
aided by resuming flow of the drip. This was a very
interesting preparation ﬁo watch, and it shoﬁ%that the
Ringer-Locke drip containing gelatine and glucose is
much more physiological. Note that the procaine was
an entirely aqueous solution, and not a saline one.

Animal 13 (Control)

A normel adult male'Wistar rat in the 300 gram
weight range was snaesthetized with 0.20 cc of 0.6%
nembutal solution administered intramuscularly and the
preparation was ready in twelve minutes, with the warm
drip solution running over the mesoappendix, The cold
polnt was applied to a sdected area with freezing for
thirty seconds, Within thirty seconds of thawing there

was much vascular stasis, and within two and a half min-
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utes of thawing the whole injured area was in complete
and irreversible stasis except for two or three main
!

large channels.,

Animal 14 (Test)

A normal adult male Wistar rat in the 300 gram
weight range was anaesthetized with 0.20 cc of 0.6%
nembutal solution administered intramugcularly. The
preparation was ready in thirty-one minutes, but the
animal was discarded because the whole mesentery was
in vascular stasis from the animal's kicking.

Animal 15 (Test)

A normal adult male Wistar rat in the SOO'gram
weight range was anaesthetized with 0.30 cec of 0.6%
nembutal solution, and was not ready because the an-
aesthetic was not deep enough. The intramuscular route
was regarded as impractical.

Animal 16 (Test)

A normal adult male Wistar rat in the 300 gram
weight range was anaesthetized with 0.20 cc of 0.6%
nembutal solution administered intraperitoneally, and
the preparation was ready seven minutes later. Procaine
was flushed over the mesocappendix after stopping the
drip and the cold point was applied to the mesoappendix
with freezing for thirty seconds. Thirty seconds after
thawing there was complete stoppage of circulation in the
injured area. Procaine was applied twice with no effect.

When the warm gelatine~glucose saline drip was restarted

two minutes after thawing, one half of the static chann-
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els opened, and in another minute sixty-five percent
were functioning. In one and a hglf minutes.procaine
gave stoppage of flow. When the wafm drip was restarted
fifteen seconds later the whole injured area was flowing
one hundred percent, although two small ecchymotic areas
were noted. Two minutes later-procaine stopped blood
flow in the injured area, and resumption of the drip
restarted it completely.,

Animal 17 (Control)

A normgl adult male Wistar rat in the SOO gram
weight range was anaesthetized with 0.20 cc of 0.6% nem-
butal solution administered intraperitoneally, and in
eight minutes the preparation was ready with the drip
flowing. The cold point was applied with freezing for
thirty seconds, and thirty seconds after thawing there
was general small capillary stasis throughout the injured
area. By four minutes after thawing the stasis was
spreading to larger channels, and in another minute the
stasis was general and nearly complete. Two and a half
minutes later procaine was applied and a very marked
recovery occurred, although it was incomplete. There
was increased vasomotion, rather than any vasospasm.
Three minutes later stasis. returned and the preparation

wasdiscontinued,



76
Summary of Results with Procaine

No. Onset Stasis Spread Generalized Flow Resumed
11 Test No results because of general stasis

12 Test Minimal Minimal None FEF

13 Control 30" Rapid 251 None

14 Test No results because of geheral stasis

15 Test No results because of general stasis

16 Test Unusual FrA

17 Control 30" Immediate 30" None
Conclusions

These additional results with locally applied
procaine are too variable and too few to be of any
significance. The value of adding gelatine and
glucose to the Rihger-Locke solution was apparent.

In the case of animal 16, some value in immed-~
iate wafming ( or thawing ) of the frozen area with warm
drip fluid was suggested.

Further Observations with Procaine (Parenteral)

In this run, procaine was used in the rather high
dosage of 200 mg per kilogram body weight, administered
parenterally. Note that the following tests were per-
formed by a senior medical student who was helping with
the project on a part time basis. His methods
and observations could not be identlical with those
used elsewhere. His use of the term "general

stasis" is here used to imply stasis thréughout the
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vessels of the whole mesoappendix, rather than merely
in the injured area as is implied elsewhere.

Animal 1 (Test)

A normal adult male Hooded rat weighing 160
grams was injected subcutaneously with 1.6 cc of two
percent procaine, and in ten minutes the animal was
anaesthetized with 0.1 cc of 0.6% nembutal solution
administered by subcutaneous injection. The prepara-
tion was mounted on the microscope stage and the cold
point was applied to a selected érea of the meso-
appendix with freezing for thirty seconds followed
immediately by rapid thawing. Stasis bégan within one
minute after thawing, and it spread to involve about
one quarter of the capillaries in the injured area,.

Animal 2 (Control)

A normal adult female nonpregnant Hooded rat
weighing 180 grams was anaesthetized with 0.1 cc of
O.é% nembutal solution by subcutaneous injection.
Thé animal expired before any observations could be made.

Animal 3 (Test)

A normal adult nonpregnant female Hooded rat
weighing 170 grams was injected subcutaneously with
1.7 cc of two percent procaine, | The asnimal expired
before any observations could be made.

Animal ‘4 (Test)

A normal adult nonpregnaent female Hooded rat
weighing 160 grams was injected subcutaneously with

1.6 cc of a two pereent procaine solution. In five
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minutes it was asnaesthetized with 0.07 cc of 0,6% nem-

butal solution administered by subcuteneous injection,
and when ready the preparation wss mounted on the micro-
scope stage. The cold tip was applied to a selected
area of the mesoappendix with freezing for thirty sec-
onds, followed by immediate rapid thawing through re-
sumption of the warm Ringer-Locke gelatine-glucose drip.
Within thirty secondé of thawing stasis was observed,
which spread to involve half of the vessels in the inj-
ured area in three minutes of thawing. Note that art-
erloles and metarterioles in the injured area did pot
develop stasis, but the capillaries and the collecting
venules were widély éffected. Resumption of flow was
seen in one medium sized venule, There was no general
(see definition above) stasis in the mesoappendix. |

Animal 5 (Control)

A normal adult nonpregnant f'emale Hooded rat
weighing 170 grams was anaesthetized with 0.08 cc of
0.6% nembutal solution, and when ready the preparation
‘was mounted on the microscope stage. The cold point
was applied to a selected area of the mesoappendix with
freezing for thirty seconds, followed by immediate rapid
thawing through resumption of the warm driﬁ solution.
Stasis developed in forty-five seconds after thawing and
it spread to involve nearly all the vessels in the
injured area by four minutes of thawing. There was no

general stasis noted or resumption of flow,
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Animal 6 (Test)

A normal adult nonpregnant Hooded femele rat
weighing 160 grams was injected subcutaneously with
1.6 cc of two percent procaine, and twenty-five minutes
later the animal was anaesthetized with 0.10 cc of 0.6%
nembutal solution also administered by subcutaneous
injection. The preparation was mounted on the micro-
scope and the cold tip was applied to a selected area
of the mesoappendix with freezing for thirty seconds.
Stasis developed within three minutes of thawing, and
spread to involve about one tenth of the vessels in the
injured area. There was no resumption of flow noted
or any general stasis.

Animal 7 (Control)

A normal adult nonpregnant Hooded female rat
weighing 150 grams was anaesthetized with 0.09 cc of
0.6% nembutal solution administered subcutaneously, and
the preparation was mounted on the microscope. The cold
tip was applied to a selected area of the mesoappendix
with freezing for thirty seconds. Stasis developed in
thirty seconds of thawing, with spread to involve one
quarter of the vessels in the injured area in five min-
utes. There was no general stasis and no resumption of
flow noted.

Animal 8 (Test)

Aﬁnormal adult nonpregnant Hooded female rat

weighing 160 grams was injected subcutaneously with 1.6

cc of two percent procaine, and in seventy-five minutes
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it was anaesthetized with 0.1 cc of 0.6% nembutal sol-
ution administered by subcutaneous injection. The
preparati&n was mounted and the cold tip was applied to

a selected area of the mesoappendix with freezing for
thirty seconds. Stasis developed in one minute, spread-
ing to involve seven-eighths’of the vessels in the
injured area. N o resumption of flow or general stasis
was observed,

Animal 9 (Control)

A normal adult nonpregnant Hooded female rat
weighing 170 grams was angesthetized with 0.10 cc of
0.6% nembutal solution administered subcutaneously. The
cold poiht was applied to a selected area of the meso-
appendix with freezing, followed by immediate rapid
thawing. Stasis began in forty-five seconds after
thawing, and spread to involve two thirds of the vessels
in the injured area. No general stasis or resumption
of flow was observed.

Animal 10 (Test)

A normal adult nonpregnant Hooded female rat
weighing 160 grams was injectéd subcutaneously with
l.é cc of two percent procaine, and in twenty-five
minutes the animal was anaesthetized with 0.09 cc of
0.6% nembutal solution. The éold point was applied
to a selected ares of the mesoappendix with freezing
for thirty seconds, followed by immediate rapid thawing.

Stasis commenced within forty seconds of thawing,

spreading to involve four short segments of capillary



81

in the injured area (a very slight effect),

Animal 11 (Control)

A normal adult nonpregnant Hooded female rat
weighing 150 grams was anaesthetized with 0.10 cc of
0.6% nembutal solution administered subcutaneously.

The cold point was applied to a selected area of the
mesoappendix with freezing for thirty seconds, followed
by immediate rapid thawing through resumption of the
warm drip. Stasis started in thirty seconds after thaw-
ing, and spread to involve nearly all the vessels in

the frozen area by three minutes of thawing,.

Animal 12 (Test)

A normal adult nonpregnant Hooded female rat
weighing 170 grams was injected subcutaneously with 1.7
cc of two percent procaine, and fifty-five minutes
later the animal was anaesthetized with 0.10 cc of 0.6%
nembutal solution also administered by subcutaneous
injection. The cold point was applied to a selected
area of the mesoappendix with freezing for thirty
seconds, followed by immediate rapid thawing. Stasis
commenced in fifty seconds after thawing, and spread
to involve almost half of the vessels in the injured
area in approximatelj five minutes.

Animal 13 (Control)

A normal adult nonpregnant Hooded female rat
weighing 160 grams was anaesthetized with 0.10 cc of
0.6% nembutal solution administered subcutaneously.

The cold point was applied to a selected area of the
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mesoappendix with freezing for thirty seconds followed
by immediate rapid thawing through resumption of the
warm drip. Stasis commenced in thirty seconds after
thawing, spreading to involve three quarters of the
vessels in the injured area in three minutes after
thawing.

Animal 14 (Control)

A normal adult nonpregnant Hooded female rat
weighing 180 grams was anaesthetized with 0.10 cc of
O.é% nembutal solution, and when ready the cold point
was applied to a selected area of the mesoappendix
with freezing for thirty seconds, followed by immed-‘
iate rapid thawing through resumption of the warm drip.
Stasis commenced in thirty seconds after thawing, and
spread to involve about hélf the vessels in the injured -

area in four minutes.

Summary of Results with Parenteral Procaine

.HEL Onset Stasis Spread Final Extent Flow Resumed

1l Test 60" Slow  25% None
2 Control Diéd, no results

5 Test Died, no results

4 Test 30" Slow  50% Some
5 Control 45" Slow 95% in 4! None
6 Test 180" 10% None
7 Control 30" 25% in 51 None
8 Test - 60" 7/8 of vessels None
9 Control 45" 2/3 of vessels  None
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Summary Cont'd

No. Onset Stasis Spread Pinal Extent Flow Resumed
10 Test 40" 4 capillaries None
11 Control 30" Almost all in 3! None
12 Test 507 50% in 5¢ None
13 Control 30" 75% in 31 None
14 control 30" 50% in 4! None

Impression of Results

"The procaine tfeated animals seemed to be
better pfotected against stasis produced by freezing
injury as performed. However, differences from control
observations were slight and it was difficult to say if

they are significant.” See discussion on page 311,

Priscoline

Experimental observations with Priscoline

This drug was tested parenterally in a dosage
of 1.0 mg Priscoline per kllogram body weight. A
summary of the following results is given in table form
after Animal 9,

Animal 1 (Test)

A normal adult nonpregnant female Wistar rat
weighing 170 grams was injected subcutaneously with
0.17 cc of a diluted Priscoline solution containing
0.17 mg., and twenty-four minutes later the animal was
anaesthetized with 0.15 cc of 0.6% nembutal solution

administered by subcutaneous injection. The preparation
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was ready in nine minutes and the cold tip was applied

to a selected area of the mesoappendix with freezing

for thirty seconds. Within thirty seconds of thawing
stasis started in several venules, A minute iater a
few venules reopened, and by another minute the reopen-
ing of the static venules was rather good. Stasls
stopped extending to involve new vessels within three
and a half minutes of thawing. A minute later vessels
were observed to continue to shut down and restart blood
flow, certainly to a far greater extent than any other
normal controls so far tested during this project. The
preparation was discontinued seven minﬁtes later with no
further change noted.,

Animal 2 (Test)

A normal adult nonpregnant female Wistar rat
welghing 170 grams was injected subcutaneously with 0.17
cc of a diluted Priscoline solution containing 0.17 mg,
and sixteen minutes later the animel was anaesthetized
with 0,15 cc of 0.6% nembutal solution administered by
subcutaneous injection, with 0.05 cc more being injected
eleven minutes later. The preparation was peady in
twelve minutes after the first dose of nembutal and the
cold tip was applied to a selected area of the meso-
appendix with freeging for thirty seconds, followed by
immediate rapid thawing with the warm drip solution.
Within thirty seconds of thawing there had developed

three ecchymotic areas. A minute later stasis was noted
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in two capillary beds. In another minute se#eral
short venules were static, and within s¢xty seconds more,
stasis was general throughout the whole of the injured
area. The animal had gasping respirations. By an-
other four minutes a few Vessels had‘reopened. Two
minutes later much of the stasis had been overcome ex-
cept in the smaller channels. In four minutes the
animal was again becomming apnoeic, with slowing of the
blood flow and stasis. Four minutes later the animal
was hyperpnoeic with Zésterdtion of the circulation.
The preparation was discarded twenty minutes after thaw-
ing, in what was regarded as a Cheyne-Stokes type of
respiration.

Animal 3 (Control)

A normal adult nonpregnant female Wistar rat
weighing 165 grams was anaesthetized with 0.15 cc of
0.6% nembutal solution administéred subcutaneously, and
the preparation was ready in twenty-six minutes. The
cold tip was applied to a selected area of the meso-
appendix with freezing for thirty seconds followed by
immediate reapid thawing with the warm drip solution.
Vascular stasis commenced forty-five seconds after thaw-
ing, and in fifteen seconds another capillary bed was
involved, By sixty seconds more, several areas were
static, and the process slowly spread. In three minutes
only the arterio-venous shunts were open, and no re-

sumption of any circulation ®as noted. The preparation

was discontinued eight minutes after thawing.
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Animal 4 (Test)

A normal adult nonpregnant female Wistar rat
weighing 190 grems was injected subcutaneously with
0.19 cc of a diluted Priscoline solution containing
0.19 mg., and twenty-two minutes later the animal was
anaesthetized with 0.15 cc of 0.6% nembutal solution
"administered by subcutaneous injection. The preparation
was ready in fifteen and a half minutes, and the cold
tip was applied to a selected area of the mesoappendix
with freezing for thirty seconds. Stasis started with-
in thirty seconds of thawing and spread rapidly. By
ninety seconds after thawing the stasis became fairly
generallized over the injured area. No resumption in
blood flow was noted. Within five and a half minutes
after thawing no further change was observed, and the
preparation was discontinued,

Animal 5 (Control)

A normal adult nonpregnant female Wistar rat
weighing 160 grams was anaesthetized with 0.15 cc of
0.6% nembutal solution administered subcutaneously.
Eleven minutes later 0.05 cc were repeated, and the
preparation was ready on the microscope stage in four
more minutes, The cold tip was applied to a selected
area of the mesoappendlix with freezing for thirty
seconds, followed by immediate rapid thawing. Within
thirty seconds stasis started, which spread rapidly.

By another two minutes the stasis had become generalized

within the injured area. By seven minutes after thaw-
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ing no further change was noted, and the preparation

was discontinued. No resumption of any circulation
was noted.

Animal 6 (Control)

A normal adult nonpregnant female Wistar rat
weighing 220 grams was anaesthetlzed with 0.15 cc of
0.6% nembutal solution and in seven minutes 0.05 cc
were repeated., The preparation was ready on the micro-
scope stage twelve minutes later, and the cold tip was
épplied to a selected area of the mesoappendix with
freezing for thirty seconds. Within thirty seconds of
thawing,stasis developed in two capillary beds, and
the process spread during the following sixty seconds.
Thirty seconds later several areas throughout the inj-
ured area were in vascular stasis. No resumption of
circulation was noted, and the preparation was dis-
continued seven minutes after thawing with no further
changes being observed,

Animal 7 (Test)

A normal adult nonpregnant female Wistar rat
weighing 170 grams was injected subcutaneously with
0.17 cc of a diluted Priscoline solution containing
0.17 mg., and in nineteen minutes the animal was an-
aesthetized with 0.15 cc of O.é% nembutal solution.

The preparation was ready in nine minutes, and the cold
point was applied to a selected area of the mesoappendix

with freezing for thirty seconds. Capillary stasis
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developed within thirty seconds of thawing in two

capillary beds. By another ninety seconds several
beds had become static. By another two minutes no
resumption of any circulation had occurred, and the
preparation was discontinued ten minutes after thawing,
with no further changes being noted.

Animal 8 (Test)

A normal adult nonpregnant female Wistar rat
weighing 160 grams was injected subcutaneously with
0.16 cc of a diluted Priscoline solution containing
0.16 mg., and twenty-eight minutes later the animal
was anaesthetized with 0.15 cc of 0.6% nembutal solution .
The preparation was ready on the microscope stage in
twelve minutes, and the cold tip was applied to a
selected area of the mesoappendix with freezing for
thirty seconds followed by immediate rapid thawing.
Vascular stasis started sixty seconds after thawing,
and by another sixty seconds three capillary beds and
one large venous channel were affected. A minute later
the venous channel flushed free. By six more minutes
a few more small venules became static, and the prep-
aration was discontinued ten minutes after thawing.

Animal 9 (Control)

A normal adult nonpregnant female Wistar rat
weighing 170 grams was anaesthetized with 0.15 cc of
0.6% nembutal solution, administered subcutaneously,
and in ten minutes 0.05 cc were repeated. The prepara-

tion was mounted and ready on the microscope stage in
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six minutes, and the cold tip was applied to a sel-
ected area of the mesoappendix with freezing for thirty
seconds, followed by immediate rapid thawing. - Extens-
ive vascular stasis developed throughout the injured
area within thirty seconds of thawing. By another
sixty seconds there was still fairly good blood flow,
but no restoration of any of the circulation. The
animal died while being observed four and a half minutes
after thawing. It would seem that such a preparatioh
could not be considered physiological, and the observ-
ations are not included in the summary table.

Summary of Results with Priscoline

No. Onset Stasis Spread Generalized Flow Resumed

1 Test 30" Slight for 3%' ©None FAF

2 Test 90" Rapidly ol1 e

3 Control 45" Slowly 31 None
4 Test 30" Rapidly 90" None
5 Control 30" Rapidly oLt None
6 Control 30" Rapidly 21 None
7 Test 50“ Slowly 21 None
8 Test 60" Slowly None £

9 Control 30" Rapidly 301 None

(Physiological State Unlikely)
Comments
The average time with the test animals for stasis
to occur after rapid thawing was 48%, whereas the same
value with the controls was 34", There was little

difference between the test ruhs and the controls in
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the length of time 1t took for generalized vascular
stasis to develop in the injured area. Resumption of
circulation after stasis had developed occurred only
with the test animals, but not consistently so. It
would seem that Priscoline was of no significant value
in delaying the onget of vascular stasis, or in gener-
ally protecting the wvascular bed.

Further Observations with Priscoline

In the following tests, Priscoline was tested
parenterélly in a dosage of 2.0 mg per kilogram body
weight. A summary of the following results is given
in table form after Animal 14. Note that these tests
were performed by a senior medical student who was help-
ing with the project on a part time basis. His
methods and observations could not be identical with
those used elsewhere. His use of the term "general
stasis'" is here used to imply stasis throughéut the
vessels of the whole mesoappendix, rather than merely
within the injured area as is implied elsewhere,

Fourteen animals were employed, all being normal
adult male Wistar rats in the 200 gram weight range.

When ready after anaesthetizing with a stated amount of
0.6% nembutal solution, the animal was mounted on the

microscope stage, and the cold point was applied to a

selected area of the mesoappendix with freezing for

thirty seconds, followed by immediate rapid thawing

effected by resumption of the warm Ringer-Locke gelatin-
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glucose drip solution. The reactions of the circ-

ulatory channels were noted as outlined below

Animal 1 (Test)

Weight of animal was 180 grams. It was injected
subcutaneously with 0.2 cc of a diluted Priscoline sol-
ution containing 0.4 mg. Thirteen minutes later 0.2
cc of nembutal were injected subcutaneously, but the
animal expired before any testing could be done.,

Animal 2 (Test)

An animal weighing 200 grams was injected Bub-
cutaneously with 0.2 cc of a diluted Priscoline solution
containing 0.4 mg., and eight minutes later it was an-
aesthetized with 0.2 cc of nembutal, Vascular stasis
started sixty seconds after the thawing, which spread
to involve five or six éther capillary fields within
four minutes. There was no general stasis or resumption
of circulation noted.

Animal 3 (Control)

An agnimal weighing 200 grams was anaesthetized
with 0.20 cc of nembutal injected subcutaneously.
Stasis started in thirty seconds after thawing, spread-
ing to involve three quartefs of the capillaries 1n the
injured field in five minutes. There was no general
stasis or resumption of flow noted in any vessel.

Animal. 4 (Test)

An animal weighing 190 grams was injected sub-
cutaneously with 0.20 cc of a diluted Priscoline solution

containing 0.4 mg., and ten minutes later 1t was anaesth-
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etized with 0,20 cc of nembutal, Stasis began ninety

seconds after thawing, with spread to involve half the
capillaries in the injured area. There was no general
stasis or resumption of circulation.

Animal 5 (Control)

An animal weighing 190 grams was anaesthetized
with 0.20 cc of nembutal. Stasis developed within
twenty seconds after thawing, spreading to involve three
quarters of the capillaries in the frozen afea in four
minutes. There was no general stasis, and no resumption
of flow noted.

Animal 6 (Test)

Ah animal Weighing 200 grams was injected sub-
cutaneously with 0.20 cc of a diluted solution of
Priscoline containing 0.4 mg., and twenty minutes later
it was ansesthetized with 0.20 cc of nembutal, ‘No
stasis was observed for two minutes following thawing,
at which time two small capillaries became static,

There was no spread of the stasis, no generallzed stasis,
and no resumption of circulation in the affected channels.

Animal 7 (Control)

An enimal welghing approximately 200 grams was
anaesthetized with 0.20 cc of nembutal, but it expired
before it could be mounted on the microscope stage.

Animal 8 (Test)

Ah animal weighing 210 grams was injected sub--

cutaneously with 0.20 cc of a diluted Priscoline solution
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containing 0.4 nmg., and twelve minutes later the

animal was anaesthetized with 0.20 cc of nembutal also
administered subcutaneously. Vascular stasis developed
in ninety seconds after thawing, to involve about one
quarter of the capillaries in the injured area. No
general stasis and no resumption of circulation was
noted. |

Animal 9 (Control)

An animalAweighing 210 grams was sasnaesthetized
with 0.17 cc of nembutal adﬁinistered by subcutaneous
injection, and twenty minutes later 0.07 cc were re-
peated. Stasis started thirty seconds after the thaw-
ing and spread to involve half of the vessels in the
in jured ares. No general stasis or resuﬁption of any
circulation was noted.

Animal 10 (Test)

An animal weighing 200 grams was injected sub-
cutaneously with 0.20 cc of a diluted solution of
Priscoline containing 0.4 mg., and twenty minutes later
it was anaesthetized with 0.22 cc of nembutal, Stasis
developed in thirty seconds, and spread to involve one
third of the capillaries in the injured area. There was
no general stasis. Some of the vessels began to go
into stasis, the cells clumped tqgether, and the circ-
ulation slowed, and then stopped for a few seconds, and
then resumed flow.

Animal 11 (Control)

An animal weighing 200 grams was anaesthetlzed
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with 0.20 cc of nembutal administered subcutaneously,

Stasis developed in thirty seconds, spreading to in-
volve almost all the capillaries in the frozen area.

Animal 12 (Test)

An énimal weighing 200 grams was injected sub-
cutaneously with 0.20 cc of a diluted solution containing
O.4'mg; of Priscoline, and fifteen minutes later it was
anaesthetized with 0.20 cc of nembutal also administered
by subcutaneous injection. Stasis started within thirty
seconds of thawing, and spread to involve three quarters
of the vessels in the injured area,

Animal 13 (Control)

An animal weighing 190 grams was anaesthetized
with 0.20 cc of ﬁembutal. Stasis started in forty-five
seconds after thawing, s?reading to involve nine tenths
of the vessels in the injured area. Two petechial
hemorrhages were produced also. No general stasis
developed, or any resumption in circulation.

Animal 14 (Control)

An animal Weighing 190 grams was anaesthetized
with 0.20 cc of nembutal administered by subcutaneous
injection. Stasis started after forty-five seconds
after thawing, spreading to involve three quarters of
the vessels in the injured area, No general stasis

or any resumption in the circulation was noted.

Summary of Results with Priscoline
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No. Ongset Stasls Spread Generalized Flow Resumed
1 Test Died during observation - no results
2 Test éO" 5-6 beds in 4' None None
3 Control 30" 75% in 5% None None
4 Test 90" 50% of caps None None
5 Control 30" 75% in 41 None None -
6 Test = 120" 2 small capsAonly None None -
7 Control Died;during observation - no results
8 Test 90" 25% of caps None None
9 Control 30" 504 of vessels  None None
10 Test 30" 1/3 of caps None .None
11 Control 30" - Rapid General None
12 Test 30" 75% of vessels  None ~ None
13 Control 45" 90% of vessels None None

14 Control 45" 75% of vessels  None None

Comments on Observations

The onset of stasis after thawing ih the control
animals occurred on the average 35" later, whereas in
the test runs, Priscoline appeared to delay the stasis
to 70", just twice as long. Also the extent of the
stasis was consistently les$ in the Priscoline treated
animals than it was in the controls. To quote the
observer of these tests, "Priscoline as tested resulted
in some delaying in the onset of stasis, and in some
lessening in its extent. No resumption of flow in the
affected vessels was noted. However, results are not

regarded as being definite enough or consistent enough to
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be really significant."

Benadryl

Experimental observations with Benadryl

Benadryl was tested at a dosage level of 0.50
mg. per kilogram body weight. 10 cc Steri-vials of
Benadryl (10 mg. per cc) were used, and a 1:100 dilution
was prepared by placing 0.2 cc. into 19.8 cc of water.
In this way, volume of dose pér animal ranged about a
0.5 cc amount which would be of reasonable size for
absorption from a subcutaneous injection. The pH of
the Ringer-Locke gelatin-glucose drip solution was
" adjusted before starting to a value of 7.0.

Animal 1 (Control)

A normal adult nonpregnant female Wistar rat
weighing 130 grams was anaesthetized with 0.1 cc of
0.6% nembutalvsolution administered intramuscularly,
‘and in eight minutes g further 0.05 cc were injected.
Seven minutes later the preparation was mounted on the
microgscope stage and the cold point was applied to a
selected area of the mesoappendix with freezing for
thirty seconds, Within forty seconds after thawing
vascular stasis appeared and spread somewhat, but the
preparation was not a very good one, and further obs-
ervations were not recorded.

Animal 2 (Test)

A normal adult nonpregnant female Wistar rat
weighing 110 grams was injec¢ted subcutaneously with

0.55 cc of a Benadryl solution containing 0.055 mg.,
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and twenty-seven minutes later the animal was anaesth-
etized with 0.1 cc of 0.6% nembutal solution administered
intramuscularly. In seven minutes the preparation was
ready and the cold tip was applied to a selected area
of the mesoappendix with freezing for thirty seconds.
Within thirty seconds after thawing stasis was noted in
one capillary bed. By two minutes afterlthawing four
capillary beds were involved. Slight ecchymosis was
noted, In another minute and a half one large venous
channel opened and resumed circulation. Ih another
minute only four capillary beds were closgd off, and
circulation in the injured area was excéilént. After
another three minutes conditions remained unchanged,
and the blood flow in the rest of the mesoappendix was
excellent. The animal was rather small, and lightly
anaesthetized, making observation difficult, but the
field for testing was a good one. The preparafion was
discontinued nine and a half minutes after thawing.

Animal 3 (Test)

"A normal adult nonpregnant female Wistar rat
welghing 125 grams was injected subcutaneously with
0.65 cc of a solution containing 0.065 mg. of Benadryl.
Thirty-eight minutes later the animal was anaesthetized
with 0.1 cc of 0.6% nembutal solution administered sub-
cutaneously, and in sixteen minutes the preparation was
mounted and ready on the microscope stage. The cold

tip was applied to a selected area of the mesoappendix
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with freezing for thirty seconds. Within thirty

gseconds after rapid thawing, stasis was observed in

a couple of the larger venules, but by another sixty
seconds the flow in these was resumed with stasis in
three capillary beds remaining. By another sixty
seconds four capillary beds were in stasis. By four
minutes after thawing the one large channel had been
opening and closing intermittently for the previous two
minutes, In two minutes more, the blood in the other
large channel was free flowing. A minute later two of
the capillary beds reopened and flowed normally.

While admittedly there were a couple small capillary beds
and»a few short pieces of venous channels closed off,
this area was enormously better than could be expected
without prior treatment with Benadryl. One hadg the
impression of the cohesive pfoperties of the blood
cells, and especially their adhesive tendencies to
stick to the injured vein wall, being greatly reduced
by Benadryl. By fourteen minutes after thawing the
situation was essentiglly unchanged. Normal vasomotor
tone was present, and the preparation was discontinued.

Animal 4 (Control)

/ A normal adult nonpregnhant female Wistar rat
‘weighing 120 grams was anaesthetized with 0.1 cc of
0.6% nembutal solution administered intramuscularly,

and 0.05 cc administered subcutaneously. In nine
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minutes the preparation was mounted and ready on the

microscope stage. The cold tip was applied to a
selected area of the mesoappendix with freezing for
thirty seconds. By thirty seconds after rapid thawing
there was a very slight amount of ecchymosis at one site
in the injured area, Stasis started sixty seconds
after thawing and spread repidly to involve three large
capillary beds. After two more minutes no channels
had reopened, stasis steadlly progressing toward the
venous s8ide of the circulation to involve the large
venules, The injury inflicted on this preparation

was regarded as quite minimal in comparison with the
other runs. By five minutes after thawing, vasomotion
was observed in larger venous channels with intermittent
stasls, and a minute later one large venous channel,
that was in stasis quite continuously, reopened and
flowed apparently norﬁally. Three minutes later the
preparation was discontinued with no further changes
noted,

Animal 5 (Test)

A normal adult nonpregnant female Wistar rat
weighing 140 grams was injected subcutaneously with 0.7
cc of & sclution containing 0.07 mg. of Benadryl.
Twnety-one minutes later the animal was angsesthetized
with 0.15 cc of 0.6% nembutal solution administered sub-
cutaneously, and thirteen minutes later the preparation
was ready on the microscope stage., The cold tip was

applied to a selected area of the mesoappendix with

.
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freezing for thirty seconds, and rapidly thawed with
warm drip solution. Thirty seconds after thaWing
there was much capillary stasis present, and venous
obstruction in a fairly large circumscribed area within
the injured field. After another five and a half min-
utes the situation was unchanged. Actually these
observations should be discounted because the whole
megoappendix was more or less in vascular stasis.

Animal 6 (Control)

A normal adult nonpregnant female Wistar rat
weighing 130 gréms was anaesthetized with 0.15 cc of
0.6% nembutal solution administered subcutaneously,
and the preparation was ready eleven minutes later.

The cold tip was applied to a selected area of the
mesoappendix with freezing for thirty seconds with
immediate rapid thawing afterward. Within thirty
seconds of thawing, capillary stasis was observed
which spread rapidly and in another thirty seconds fifty
percent of the vessels in the injured area were involved.
. By another minute no revascularization was observed in
the static channels, Five minutes after this the
preparation was discontinued. A few arterio-venous
channels were flowing well, but generally the injured
area was unchanged, Ninety percent of the vessels

in the injured area were in stasis when the preparation

was discontinued,
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Animal 7 (Test)

A normal adult nonpregnant female Wistar rat
"weighing 120 grams was injected subcutaneously with»
0.6 ce of a solution containing 0.06 mg. of.Benadryl.
Thirty-three minutes later the animal was anaesthetized
with 0.15 cec of 0.6% nembutal solution administered
subcutaneously, and within nine minutes the preparation
was ready for testing. The cold point was applied
to a selected area of the mesoappendix with freezing
for thirty seconds and thawed rapidly immediately
afterward. Within thirty seconds of thawing three
capillary beds had closed off. In another thirty
seconds one large venous channel became static, but
opened up agaln five minutes later. Nine minutes
after thawing one of the static capillary beds opened
up. There was ne further change in two more minutes
observation and the preparation was discontinued.

Animal 8 (Control)

A normal adult nonpregnant female Wistar rat
weighing 120 grams was anaesthetized with 0.15 cc eof
0.6% nembutal selution administered subcutaneously,
and the preparation was ready for testing in twenty
mfnutes.' The cold point ﬁas applied to a selected

area of the ﬁesoappendix with freezing for thirty seconds.,
Within thirty seconds of radpid thawing, capillery snd

venous stasis was starting, and it spread rapidly te

close off approximately one half of the circulation in
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another thirty seconds. By another minute only two
arterio-venous shunts were flowing in the injured area.
In another two and a half minutes no further change in
the circulation was noted, and the blood flow in the
rest of the mesoappendix was normal, The preparation

was discontinued s8ix and a half minutes after thawlng.

Animal 9 (Test)

' Aﬂhormél adult nonpregnent femeale Wistar rat
weighing 115 grams was lnjected subcutaneously with
0.575 ecc o £ a solution containing 0.0675 mge. o £
Benadryl, and forty-two minutes later the animal was
anaesthetized with 0.15 cc of 0.6% nembutal solution
administered subcutaneously. The preparation was
ready in eight minutes and the cold point was applied
to a selected area of the mesoappendix with freezing for
thirty seconds. Hyperemia was noted thirty seconds
after rapid thawing; and in another thirty seconds
vascular stasis in the injured area spread to involve
two or three capillary beds., After another six
minutes no further change was noted. Active vaso~
motion was apparent in all channels that were not static.
No channels sppeared to reopen, the static ones being
of the order of capillaries and prevenules, forming
approximately forty percent of the vessels within the
injured aresa. The circulation in the rest of the
mesoappendix was normal, By nine minutes following
thawing, one capillary bed reopened, and another bed

did likewlse a minute later. The preparation was
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discontinued four minutes later.

Summary of Observations with Benadryl (0.5 mg/Kg)

No. Onset Stasis Spread Generalized Flow Resumed

1 Control 40" Yes Incomplete None

2 Test 30" Yes None AF

3 Test 30" Yes None FAA

4 Control 30-60"  Rapid  Incomplete ?

5 Test No results - Whole mésoappendix in stasis

6 Control 30" Rapid Almost None

7 Test 30" 3 Cap beds None AAF

8 Control 30" Rapid Not A~V shunts None

9 Test 60" 3 Cep beds None FAF

Discussion of Observations

Benadryl did not appear to have any great effect
on the time required for vascular stasis to
develop as compared with control animals, but it
appeared to limit the spread of the stasis, fhere
was also evidence of increased resumption of flow in
the static vessels. However, there are only four test
and four control animals, These numbers are far
too few for really significant conclusions to be drawn.
Further testing with Benadryl is indicated, especially
with a higher dosage level s

Active vasomotion was found to be a prominent
feature in the re-opened vessels in the injured area,

indicating that the freezing injury was unduly mild or



104
that the antihistaminic action on the endothelial cells

must have been effectual to a certain degree.

Control animel number four requires some comment
in that the reoepening of channels, as marked "?%, meaning
doubtful, might be explained by the fact that without
doubt the injury by freezing to this preparation was
really minimal both as regards to duration end extent.

In spite of such explanation, and such apparent
good resﬁlts, "1t would not seem Justifiable to credit
the antihistamine used with such great effect unless the

tests were repeated.

Further Experimental Observations with Benadryl

~ In the following tests with Benadryl, 1.0

mg. per kilogram body weight was the dosage level used.
This did not appear to have any adverse effect onAthe
animals. \

Animal 1 (Test)

A normel adult nonpregnant female Wistar rat
weighing 150 grams was injected subcutaneously with
0.75 ec of a solution coentaining 116 mg. of Benadryl,
and thirty-five minutes later the animal was anaesthetized
with 0.T5 cc of 0.6% nembutal solution administered sub-
cutaneously. Seven minutes later 0.05 ec and five
minutes still lsater 0.025 cc of nembutal were injected
alseo subcutaneously. The preparétion was ready twé
end a half minutes after the last nembutal injection,

and the cold point was applied to a selected area of the



105

mesoappendix with freezing for thirty seconds. Except
for one static capillary bed net near the injured area,
no vascular stasis . developed within eight and a half
minutes of thawing. By eleven and a half minutes of
thawing, thls caplllary bed was open and flowing. It
1s again to be noted that this particular capillary bed
was well outside the limits of the freezing injufy.

By fourteen and a half minutes of thawlng there was no
further change, &and the preparation was discontinued.
The effect of the Benadryl, if ahy, on the stasls in
this isolated vessel cannot be explained.

Animal 2 (Centrol)

A normal adult nonpregnant female Wistar rat
welghing 150 grams was ansesthetized with 0.15 ce of
O.é% nembutal solution, and in twenty minutes a further
0.05 cc were 1njected; both being administered subcut-
aneously. The preparation was ready within another
ten minutes, and the cold point was applied to a sel-
ected area of the mesocappendlx with freezlng for
thirty seconds. There was stasis within thirty seconds
of thawing which spfead rapidly. By another minute
the stasis was still spreading, and within one and a
half minutes of thawling, only the main arterio-venous
shunts were flowing within the injured area, although
the circulation in the rest of the mesoappendix was
apparently normal, The preparation was discentinued .

three minutes later with neo apparent change being noted.
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There was no resumption of blood flow noted in any
static channel.

Animal 3 (Test)

A normal adult nonpregnant female Wistar rat
weighing 150 grams was injected subcutaneously with
0.75 cc of a solution containing 115 mg. of Benadryl,
and within thirty-three minutes the animal was anaesth-
etized with 0.125 cc of 0.6% nembutal seolutlien admin-
istered subcutaneously, a further 0.04 cc being inject-
ed within eight minutes. The preparation was ready
in two more minutes, and the celd point was applied te
a selected area of the mesoappendix with freezing for
thirty seconds, In one and a helf minutes after
rapid thawing there was noted the start of a quickly
spreading'stasis.througheﬁt the injured area. By
three and a half minutes of thawing, one of the static
vessels flushed clear, but shut down again. In three
minutes more, another chanmnel flushed clear, and
seven minutes still later anether channel flushed clear
in a different part of the iInjured area. No further
extension of any stasis was observed. By twenty-one
and & half minutes after thawing little further change
was noted and the preparation was discontinued.

Animal 4 (Control)

A normel adult nonpregnant female Wistar rat
welighing 120 grams was anaesthetized with 0.15 cc of

0.6% nembutal solution and in eight minutes another
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0.025 cc were injected also subcutaneously. Within

four minutes the preparation was ready, and the cold
point was applied to a selected area of the mesoappendix
with freezing for thirty seconds. Within thirty
‘seconds of thawing there was stasis which spread rapidly
throughout the injured ares. There was s8till further
spread noted by asnoether two minutes. In three minutes
more, one of the main static Vvenous channels opened and
resumed circulation apparently normelly. By another
three minutes there was no further change noted, and
the preparatien was discontinued ten and a half minutes
after thawing, at which time it was noted another small
venous channel had reopened.

Animal 5 (Test)

A normal adult nonpregnant female Wistar fat
weighing 150 grams was injected subcutaneously with 0,75
cc of a diluted solutlon containing 7i15 mg. of Benadryl,
and thirty-one minutes later the animal was anaesthetized
with 0.15 cc of 0.6% nembutal solutlon administered sub-
cutaneously, with 0.04 cc more beling injected ten
minutes later. The preparation was ready two minutes
after the second nembutal injection and the celd point
was applled to a selected area of the mesoappendix with
- freezing for thirty seconds. Within thirty‘secends of
rapld thawing, stasis in one venous channel was noted

which backed up into the injured area. In snother
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minute a second venous channel acted similarly, and

the same with a third within the next minute. By

four and a half minutes after thawing the whole injured
a_rea was practically 1in stasis. No channels were
observed to reopen. The preparation was diascontinued.

Animal 6 (Control)

A normel adult nenpregnant female Wistar rat
welghing 140 grams was anaesthetized with 0.15 ce of
0.5% nembutel solution administered subcutaneously, and
the“preparation was ready within twelve minutes. The
cold point was applied to a selected area of the meso-
appendix with freezing for thirty secends, and then
rapidly thawed. Stasis was observed to start within
thirty seconds of thawing, and 1t spread siowly se that
by six and e half minutes after thawing only three ven-
ules and capillaries were observed to be 1ln stasis. In‘
all prebability the freezing injury was too slight. By
another minute there was ne further change neted and the
preparation was dlscentinued. |

Animal 7 (Test)

A normal adult nenpregnant female Wistar rat
weighing 135 grams was injected subcutaneeusly with
0.65 cc of a diluted solution containing 0.13 mg. of
Benadryl, and in twenty-four minutes the animal was
anaesthetized with 0.10 cc of 0.6% nembutal solutlen
injected subeutaneously, with 0.025 cc being repeated
in seven minutes, In another five minutes the prep-

aration was ready and the cold point was appllied with
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freezing fer thirty seconds to a selected area of the

mesoappendix, Within thirty seconds of thawing,
beginning caplllary stasis was ebserved which 1n another
thirty secends had become rather general except for
large arterloevenous channéls. By another five minutes
many sheller channels reopened, but not much change
took place in the next three minutes. Twenty~-six
minutes after thawing one large venous channel that
appeared to be in irreversible staslis opened up and
resumed appafently normel circulation. The prepara-
tion was discontinued in another elght minutes with
little further change except for some general extens-
ion of the stasis within the injured area of the meso-
appendix,

Animal 8 (Test)

A normal adult nonpregnant female Wistar rat
weighing 140 grams was injected subcutaneeusly with
0.70 cc of a diluted solutioen containing 0.14 mg. of
Benadryl and in forty-seven minutes the animal was
anaesthetized with 0.125 cc of 0.6% nembutal seolution
administered subcutaneously. The preparation was
ready in another twenty minutes end the cold point was
applied to & selected area of the mescappendix with
freezing for thirty seconds, followed by immediate rapid
thawing. Stesis first appeared three and a half
minutes after thawing, and in only three small capill-

aries., In three minutes more, one of the capillaries
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epened up with resumption of apparently normal ¢irc-

ulation. By another four minutes the stasis spread
te invelve two‘capiliaries connecting adjacent arterie-
venous shunts. - The preparation was discontinued one
minute later with no further change being noted.

Animal 9 (Contrel)

A normal. adult nonpregnant female Wistar rat
weighing 140 grems was anaesthetized with 0.15 cc of
0.6% nembutal solution administered subcutaneously,
with 0.025 cc. being repeated in eleven minutes., The
preparstion was ready in another three minutes and the
cold tip was applied to a selected area of the mesoapp-
endix with freezing for thirty secends. Within
thir#y seconds of thawing stasis had started, and it
spread rapidly. By anoether six minutes a few large
vessels were observed to be slowing, but really little
further change was noted, The preparation was dis-
continued six and a half minutes after thawing.

Animal 10 (Control)

% normal adult nonpregnant female Wistar rat
weighinggléo grems was anasesthetized with 0.15 cc of
O.é% nembutal selution sdministered subcutaneously,
and was ready on the microscope stage within twenty-
three minutes. The field was somewhat obscured by
fat 1n the mesoappéndix, but enough of the circulation
was viséble te warrant continuing‘with the preparation.

The cold tip was applied to & selected area of the
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mesoappendix with freezing for thirty seconds, and
rapidly developing stasis started within thirty secends
of thawing. Ne restoration of flow was eobserved in
any of the vessels, and the preparation was dis-
continued five and a half minutes after thawing.
Animal 11 (Test)

A normel adult nonpregnant female Wistar rat
weighing 135 grams was injected subcutaneously with
0.65 ecc. of a diluted solution centaining 0.13 mg. of
Benadryl, end in thirty-five minutes the animsl was
ansesthetized with 0.125 cc of 0.6% nembutal selution
administered subcutaneously. The preparation was
ready in elevern minutes and the cold point was app-~
lied to a selected area of the mesoappendix with
freezing for thirty seconds; followed immedlately 4
afterward with rapid thawing. In thirty seconds
after thawlng there was observed Beginning stasis eof
the circulation in small vessels which spread rapidly
to become more or less general in the injured area
within four and a half minutes of thawing., No
. Vessels re-opened to_rest@re circulation, and the

preperation was discontinued two minutes later.

Summary of Observations with Benadryl (1.0 mg./Kg)

No. Onset Stasis Spread Generalized Flow Resumed
1 Test Nene ‘None None " Yes.?

2 Control 30" Rapidly 141 None
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Sumnmary (Cont'd)

Ne. ' Onset Stasis Spread Generalized Flow Resumed
3 Test 14 Rapidly None FAF
4 Control 30" Rapidly 2%t £
5 Test 30" Rapidly 43" None
6 Contrel 30" Slowly None Nene
7 Test 30& Rapidly 60" £F
8 Test» 3 None None ‘ A
9 Control 50& Rapldly Nene : None
10 Ccentrol 30" Rapidly éo" None
11 Test 30@ Rapidly 431 None

Discussion of Observations

Benadryl injected to the extent of 1.0 mg. per
kilegram:bedy welight had ne spparent adverse effects
on the rats tested. |

Prom the somewhat arbitrery values in the
above suﬁmary table, the beneficial effects of Benadryl
in the test animals were incensistent, and they
conflicted with equally inconsistent values in the
controls.

The particular vascular area chosen for injury
by appliéation of the freezing peint, as well as the
exact duration of the freezing are rather uncontrellable
variables entering inte consideration of the significance
ef these results. Possible repetitive tésts on twe
or more areas of the same mesoappendix would be an im-

provement, although the time facter and the viability
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of the preparation would be big obstacles.

It would seem that Benadryl in the desage used
had no significant influence beyond the errors inherent
in the experiment., This concluslon agrees with that
obtained above when the dosage of 0.5 mg. per Kllegram

was tested,

Further Experimental Observations with Benadryl

N The following tests were performed to determine
the influence of Benadryl, in a desage level of 1.5 mg.
per kilogram of bbdy weight, administered by subcut-
aneous injection one half hour before the observatien
of a freezihg injury en the mesoappendix. The results
are summerized in table fofm after animal 10,

Animal 1 (Test)

A normal adult nonpregnant feméle Wistar rat
weighing 130 grams was injected subcutaneously with
0.39 cc of a diluted solution containing 0.195 mg. of
Benadryl, and twenty-nine minutes later the animal
was ansesthetized with 0.15 cc of O.é% nembutal sol-
ution. The preparation was ready in twelve minutes,
and the cold point was applied to a selected ares of
the mesoappendix with freezing injury fer thirty sec-
onds. Within sixty seconds of thawing, a slight
vascular stasis was starting, really just a slowing
in the blood flow. By another minute 1t was spread-

ing. One channel was ebserved to epen and resume
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circulation. By another two minutes there was no

further spread. " This is an excellent area of the
mesoappendix with mény small capillary channels and
the fact that the staesis was so limited, tegether with
a falrly strong freezing injury certainly makes the
observed facts significent. After another two
minutes one large coennecting vein was in stasis, and
by elght minutes after thawing some stasis was
app¢arent in other parts of the mesoeppendix, so that
the preparation was discontinued.

Animal 2 (Control)

Amnormal adult nonpregnant female Wistar rat
weighing 140 grams was anaesthetized with 0,15 cec of
0.6% nembutal solution administered subcutaneously,
and the preparation was ready on the microscope stage
in seventeen minutes. The cold point was applled
to a selected area of the mesoappendix with freezing
for thirty seconds. Stasis started within thirty
seconds of thawing, and spread rapidly. By three
minutes after thawing the stasis was slowly éxtending
but was by no means becoming generalized. ' Soeme
ecchymoses were present. Two minutes later, ex-
cept for the arterio-venous 6hannel§, stasis was
generalized, and no reopening of the channels was
noted. Four minutes later the preparation was dis-

continued.'

Animal 3 (Test)

A normal adult nonpregnant female Wistar rat
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weighing 130 grams was injected subcutaneously with

0.39 ce. of a diluted solution containing 0.195 mg. ef
Benadryl, and forty-five minutes later the animal
was anaesthetized with 0.15 cc. of 0.6% nembutal sol=-

ution adminlstered subcutaneously. The preparation
was ready fifteen minutes later and the cold tip was

applied to a selected area of the mesoappendix with
freezing for thirty secends, followed by immediate
rapid thawing. There was ne stasis within ninety
seconds of thawing, but in a minﬁte more, stasis
started in one small venous channel only. Two
minutes later this static venecus channel opened for
half its length, and then was flushed free by a
eonnecting arteriole-capillary tributary. After
another two minutes there was no further change.,

The circulatory system in the whole injured area was
functioning well., Five minutes later the preparation
was discontinued with ne further changes being noted.

Animal 4 (Control)

A normal adult nompregnent female Wistar rat
weighing 135 grams was anaesthetized with 0.15 cc. of
0.6% nembutal solution, administered by subcutaneous
injéption, and the animal was mounted and ready on the
microscope stage in eleven minutes. = The cold peint
was appliéd te a selected area of the mésoappendix

with freezing for thirty secends. There was stasis
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starting within thirty seconds which spread rapidiy.

Two and a half minutes later the stasis was still
épreading, but noet yet generalized. In twe more
minutes the stasis had become rather generalized through
out the injured area, and no revascularization ef

any channels was noticed. The preparatien was dls-
continued three minutes later with ne further changes
ebserved.

Animal & (Test)

A normeal adult nonpregnant female Wistar rat
weighing'155 grams was injected subcutaneously with
0.39 cc. of a diluted selution containing 0.195 mg.
of Benadryl, and thirty-eight minutes later the
animal was anaesthetized with 0.15 cc. of o.é% nem-
butal selution administered subcutaneously.  The
cold tip was applied to a selected area of the mege-
appendix with freezing for thirty secohds. Stasis
occurred in several venous channels in the injured
area within sixty meconds after thawing. In
another thirty seconds there was fia further Spread
in the stasis, although a good sixty percent of the
vessels in the injured area were affected. In three
more minutes no resumption of ecirculation in any static
vessel was observed, and the preparation was discontin-
ued two minutes later.

Animal 6 (Centrol)

A normal édult nonpregnant female Wistar rat
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weighing 170 grams was anaesthetized with 0.20 ce. of

0.6% nembutal solution administered by subcutaneous
injéction, and the preparation waS‘rééaﬁ in thirteen
minutes. The cold point was applied three minutes
later to a selected area of the mesoappendix with
freezing for thirty seconds. Stasis developed
within thirty seconds of thawing and spread rapidly,
By another thirty seconds, several ecchymotic areas
had develeped. By ninety secends after thawing,
stasis had become rather generalized except in the
large shunt channels, By two minutes later, ne
resumption of circulation had been noted, and the
stasis was still extending. The preparation was

discqntinued four minutes later;

Animal 7 (Test)

' Ahhermél adult nonpregnant femsle Wistar rat
weighing 140 grams was injected subcutaneodsly with
0.42 cc. of a diluted solutien containing 0.21 mg.

of Bemnadryl, and twenty-elght minutes later the
animal was anaesthetized with 0.15 cc of O.é% nembutal
selution, administered by subcutaneous 1njec£ion.

The preparation was ready in nine minutes, and the
cold polnt was applied to a selected area of the meso-
appendix with freezing for thirty seconds. Within
thirty seconds of rapid thawing, one small capillary
bed was in stasis. By another two minutes the

stasis had spresad slowiy te involve several other

capillary beds. In three more minutes there was ne
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further invelvement. Ne resumption of circulation
was noted, and although this area was very similar te
the subsequent contrel prparation, there Waé much less
stasis. By three mere minutes, the preparation was
discentinued, with ne further change. There was

no apparent difference from the fellowing control run.

Animal 8 (Centrol)

A normal adult nonpregnant female Wistar rat
weighing 120 grams was anaesthetized with 0.15 ecc. of
0.6% nembutal selution, administered subcutaneously,
end the preparation was ready in thirteen minutes.,

The cold point was applied to a selected area of the
mesoappendix with freezing, follewed by rapid thawing.
Within thirty seconds of thawing stasis started which
spread rapidly, with the development alse of a few
eccﬂﬁmoses. Two and a half minutes later there were
no further changes in the smaller static vessels. It
was interesting to observe the events in this preparétien.
Some of the larger channels would fill up with cenc-
entrated cellular sludge, and then repeatedly flush
free, By five more minutes no further changes had
eccurred. The area of stasis was quite complete
within the injured field, Dbeing a patehy invelvement
of the smaller venules. Two minutes later the
preparation was discontinued, and no reopening of the

static vessels was noted.
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Animal 9 (Test)

A'n@rmél adult nonpregnant female Wistar rat
weighing 130 grams was injected subcutaneously with
0.39 cc of a diluted Benadryl solution containing
0.195 mg., and thirty-one minutes later the animal was

anaesthetized with 0.15 cc. of O.é% nembutal selutioen
administered by subcutaneous injection. The prep=-
aration was ready in sixteen minutes, and the cold
point was applied to a selected area of the mese-
appendix with freezing for thirty‘seconds. There was
no stasis present by thirty seconds after rapid thawlng,
and after another minute, stasls formed in one venule
enly. A minute later a second capillary bed became
static. Two minutes later there were only the twe

‘ capillary beds statie, and the rest of the circulation
within the injured area appeared normal. Twe and a
half minutes later ne further change developed, with
no resumption of circulation belng notedy and the
preparation was discontinued.

Animal 10 (Control)

A normal adult nonpregnant female Wistar rat
weighing 130 grams was ansesthetiged with 0.15 cc¢. of
0.6% nembutal solution, administered subcutaneously,
and the preparation was ready in eight minutes. The
cold point was applied to a selected area of the meéo-v
appendix with freezing, followed immediately by

rapid thawing. Within thirty seconds of thawing
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there was raplidly spreading stasis, which became -

generalized throughout the lnjured area within
enother minute. Ne recanalization was noted, and

the preparation was discentinued three minutes later,

Sﬁmmary of Observatlions with Benadryl (1.5 mg./Kg)
No. Onset Stasis Spfead Generalized Flow Resumed

1 Test 60" Slewly None Slight

2 Control 30" Slowly 5t Neone

3 Tesf Nene None None

4 Control 30" Rapldly .3 Nene

5 Test 60" Slowly 60% in 90" None

6 Control 307 Rapldly ‘gom None

7 Test 30? Slowly Incomplete Nene

8 Cbntrol 30" ﬁapidly incomplete None

9 Test 90" Slowly 2 Cap Beds Nene
10

Contrel 30" Rapidly 90" None

Discussion of Observations

Not eonmidering the test animal, number three,
which did not develop stasis, the average time taken
fer the test preparations to develop stasis was sixty
seconds, just twice as long as for the controls, which
teok thirty. Fﬁrther, the stasis spread more slowly
and was much less complete than in the case of the
controls. There was ne difference as regards any
resumption of flew,

: of
These conslderations weuldaappear te shift
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the decision mere favourably towards Bemnadryl having

a protective effect on the mesoappendix clrculation

against a standard freezing injury.

o Etamon

2

éxperimental observations with Etamen Chloride

The followlng trials were for the purpoese of
testing the effect of Etamon chleride (Tetra-ethyl
smmonium chloride) in a dosage level of 25 mg. per
kilogram bedy weight, on the capillary beds of the
rat mesoappendix after a standard freezing injury.
Normal adult male Wistar rats were used, four test
eanimals, averaging 310 grams, and four centrols,
averagling 280 grams. = The procedure was as before,
using Ringer-Lecke gelatine-glucose solution. .The
pH was adjustéd te the first change to pink usihg
sodium bicarbonate and methyl red indiecater. The
Etamon solution was admiﬁistered to all test animsals
at one time, using 0.10 ee. (0.1 gm./ec), providing
10 mg. per animal, which is Slightlyulafger than
25 mg. per kilogram. The drug was administered
subcutaneously. A summary of the following observ-
ations is given in table form after the second Animal
8.

Animel 1 (Contrel)

0.20 cc. of 0.6% nembutal solution was admin-

istered 1ntraperit®nea1iy for snaesthesia, and in
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seven minutes the preparatien was ready, mounted on
the micrescope stage with the drip flowing. One
and'a half minutes later a selected area of the meso-
appendix was frozen with the cold peint for thirty
seconds. Thirty seconds after thawing there was
noted a very-marked hyperemia, end then the flow of
the drip sclution was resumed. Within another
thirty seconds, general vascular stasis had devel-'
oped, which was somewhat incomplete. In ninety
seconds more, some clearing, but only teﬁporary,
was noted in a few of the larger channels. One
minute later no further change was observed. A
main central arterliole was flowing uninterruptedly,
and the vascular stasis seemed to be entirely on the
venous side of the circulation., The preparation

was diascontinued two and a half minﬁtes later.

Animal 2 (Test)

| The animal was ansesthetized with 0.20 cc.

of 0.6% nembutal solution one hour and fourteen
minutes after thé Etamon had been administered., The
preparation was ready eight minutes after anaesthetiz-
ing. A state of hyperemia was noted in the vessels
of the mesoappendix. Three minutes later the cold
tip was applied with fréezing for thirty seconds,

with rapid thawing and resumption of flow of the warm
drip solution., Within sixty seconds of thawing

stasis was observed to be commencing. By a minute
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and a half more, the condition ef the eirculation

in the injured area was found to bé much better than
with the previous control animal, but censidering

the varying factors, the difference was net great
enough ﬁo be truly significaﬁt unless present
consistently in 2ll the test and control animals.

By four and a half minutes after thawing, the stasis
had spread somewhat, but there was stlll very good
circulation throughout the injured area. Two

minutes later a main venous channel which had been
static was noted to be open. Good vasomotion was
also noted throughout the mesoappendix in spite of the
Etamon (dese toe small?®y, A minute later many
smaller’static chennels resumed flow, and twe‘minutes
still later, eighty percent of the channels once
static were open and functloning well. In three
minutes (twelve and a half minutes after thawing),
generaliied vascular stasis was present in the iﬁjured
aresa. ‘Two minutes later ne further change occurred,
and the preparation was discentinued.

Animal 3 (Control)

The animal was snaesthetized with 0.20 cc. of
0.6% nembutal solution administered intresperiteoneally,
and in seventeen minutes the preparation was ready.
The cold tip was applied with freezing for thirty
seconds. By thirty seconds after rapid thawing net

much hypereﬁia occurred, but after sixty seconds,
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vasculer stasis started. In sixty seconds mere,

this stasis was spreading rapidly, and by twe minutes
there was a slow insidious spread te all vessels with
no more vasomotion observed. The preparation was
discontinued ene minute later.

Animel 4 (Test)

Tﬁé enimal was anaesthetized with 0.20 cc of
0.6% nembutal solution two hours and seven minutes
after the Etamon had beeh administered; Within six
minutes the preperation was ready, and moderate
bhyperemia was noted. The cold tip was applied with
freezing for thirty secohds, and then immediate rapld
thawing wés achieved as befere with resumption of the
warm saliﬁe drip. A very beautiful capillsary bed
was available for.observation. Stasis first appeared
ninety seconds after thawing. By enother minute
stasis spread over a large~venouslarea. By eight
minutes further, no vessels reopened or resumed any
eirculation. Two minutes later a main vascular
chennel reopened, and within three more minutes it
showed actlve vasomotion, Ne further change was noted
for ten minutes, Part of the venous area did net
resume flow. The preparation was discontinued.

Animal 5 (Control)

The animal was snaesthetized with 0.20 cec. of

0.6% nembutal solution administered intraperitenesally,
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and the preparation was ready in ten minutes. The

cold tip was applied_with freezing fer thirty seconds,
and stasis was observed to commence within thirty
seconds of thaﬁing. By another sixty seconds the
stasis was complete and irreversible, and the
preparation was discarded three minutes later with no
further change observed.

Animal 6 (Test)

The animal was anaesthetized with 0.20 cc.
of 0.6% nembutal solution administered intraperitoneally
three hours and seven minutes after the Etamon was
injected. The preparation was ready in five minutes,
and excellent vasomotion was noted. ‘The cold point
was epplied with freezing for thirty seéonds. By
thirty seconds after freezing gocd blood flow thfeugh
the injured area was still present. Slight snd temp-
orary vascular stasis was noted one minute later, and
in anether minute permanent stasis was noted in a few
small capillaries, By another four minutes the sit-
uation was much the same, with seme slowlng of the
flow in one venous channel, Three minutes later 2%
procaine at room temperature was instilled over the .
mesoappendix with stoppage of the whole circulation.
The preparation was discarded five minutes later
(fourteen and a half minutes after thawing).
Animel 7 (Control) ]

Tﬁé animai was anaesthetized with 0.20 cc. of
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0.6% nembutel solution and the preparation was ready

in nine minutes. The celd point was applied with
freezing for thirty seconds. Within thirty seconds
of thawing great hyperemia was noeted, with vascular
stasis developlng and spreading rapidly. Within
eanother minute, thirty percent of the injured area

was in stasls, which did net increase by another

three minutes. Three minutes later larger vessels
were slowing, and'by fourteen and a helf minutes after
thawing, over hslf the vessels In the injured area were
in stasis. The preparation was discontinued four
minutes later.

Animal 8 (Test)

The animal was. anaesthetized with 0.20 cec.,
of 0.6% nembutal solution administered intraperitoneally
four hours and five minutes after the Etamon had been
given. The preparation was ready in nine minutes,
and the cold point was applied with freezing for thirty
seconds., Stasis started three minutes after thawing,
and four minutes later was found to be complete in
some parts of the injured area, but bYemperary in others.
The preparation was discontinued one minute later.
(surmery table will be found after the following
series of repeat tests)

Repeat Experiments with Etamén Chloride

‘The following is a repetition ef the abeve run,
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but using 25 mg. of Etamon (tetra-ethyl ammonium

chleride) per test animal, administered subcutandv.
eously. " The test animals averaged 315 grams, the
centrols 290 grems, and all were nermal adult male
Wistar rats. The heaviest of the test animals,
weighing 358 gréms, dled fifteen minutes after its
injection of Etameon, and another similer male rat
weighing 330 grams was substltuted, being given

25 mg. of Etamen also subcutaneously.

Animal 1 (Centrol)

The snimal was enaesthetized with 0,20 cc of
0.6% nembutal solution administered intraperltoneally,
and the preparation was ready in eight minutes. The
cold peint was applied with freezing fer thirty seéonds,
an& within thirty seconds ef thawing vascular stasis
developed in venous channels, rapidly becomming -
generalized over the injured area. There was ne
further change by another three minutes and the pfep-

aration was discoentinued,

Animal 2 (Test)

o The animal was enaesthetized with 0.20 cc. of
0.6% nembutal solution intraperitoneally thirty-twe
minutes after the Etamon was injected. The prepara-
tion ﬁas ready in four minutes and the cold tip was app-
lied to the mesoappendix with freezing for thirty

secoends. Within thirty seconds of thawing some small

[
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capillary stasis was apparent and by anoether thirty

seconds many large venous channels were in stasis.
In two minutes slew blood flow was observed through
one large venous channel that had been in stasis.
During the fellowing ten minutes it was noted that
the infeeding capillaries could not keep up the flow
and the circulatien in the whele of the injured area
ceased, These were adjacent venoeus systems, and a
large part of the stasis was undoubtedly due to the
fact that the arteriole between was injured by the
freezing and its flow stoepped. Two minutes later the
preparation was discontinued. Little essential
difference was noted here fronm the previous control
preparation,

Animal 3 (Control)

The animai_ﬁas angesthetized with 0,20 ce. of
O.6%lnembutal selutien adminlistered intraperitoneally
andwthe preparation was ready in six minutes. The
celd polnt was applied te a‘selected area of the meso-
appendix with freezing for thirty secends, and within
thirty seconds of thawing, generalized stasis was
observed over the entire injured area. There was ne
further change after three and a half minutes and the
preparation was discarded.

Animal 4 (T8st)

Tﬁé.animal was anaesthetized with 0.20 cc of

0.6% nembutal solution administered intraperitoneally
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one hour and five minutes after the Etamon injectioen.

The preparation was ready in six minutes and the ceold
point was applied te a selected area of the meso-
gppendix with freezing for thirty seconds. Within
thirty seconds of thawlng there was general slowing
in the venous channels with many of the connecting
channels pumping blood inte the area. Vascular stasis
started two and a half minutes after thawing. By
another five minutes, although there was scant flow
threugh ene channel, generally the degree of stasis
was unchanged.  The preparation was discarded seven
end a half minutes after thawing.

Animel 5 (Centrol)

The animal was ensesthetized with 0.20 cc. of
O.é% nembutal solution end the preparation was ready
in éwenty minutes. The cold poeint was applied to a
selected area of the mésoappendix with freezing for
thirty seconds. Within thirty seconds of thawing
there was generalized irreversasble venous stasis start-
ing. By twe and a half minutes later, the fleld was
unchangéd and the preparation was discarded.

Animal 6 (Test)

The animal wasAanaesthetized with 0.20 cec. of
0.6% nembutal solution administered intraperitoneally
one hour and fourty-four minutes after the Etamon was
injected. The preparation was ready in eight minutes

and the coldlpoint was applied to a selected area of
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the meseappendix with freezing for thirty sedends.

By thirty seconds after thawing great hyperemla was
noted generally, but no stasis appeared by twe minutes
after thawing. There was a good brisk blood flow
throughout the frozen area. Two minutes later stasis
was noted in one small venous channel, and increased
vasomotion in others., In another minute the stream
was noted to slew temporafily in a few of the larger
venous channels. In thirty seconds stasis was noted
te Be spreading to a couple venous areas, although
there was generally a good circulation. The prep-
aration was discarded seven minutes after thawing with
no further changes observed.

Animal 7 (Control)

The animal was anaesthetized with 0.20 cc. of
0.6% nembutal solutien intraperitoneally, but when
the"prepafation was mounted six minutes later, general
staslis was present throughout the mesoappendix, and

the animal was dlscarded.

Animal 8 (Test)

| . The animal was anaesthetized with 0.20 cc. ef
0.6% nembutal solution administered intraperiteneally
two hours and elght minutes after the Etamon injection.
The preparation was ready in five minutes. The cold
ﬁeint was applied te a selected area of the mése-
appendix with freezing for thirty seconds. Small
capillary stasis was noted within thirty seconds after

thawing. By another sixty seconds there was slowing ef
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the flow and stasis In large venous channels. Three

end a half minutes later one large static venous

channel opened up, and in another thirty'secends another
did likewise, and flowed normally. It would seem

that the larger channels stay open provided there is

any blood draining inte them from the cspillaries. The
preparation was discarded eight minutes after thawing‘

with no further change being noted,

Summary of Observations with Etamon

No. Onset Stasis Spread Generalized Flow Resumed
1 Control SO" ‘Rapidly 60" Temporary in
- - . larger channels
Test 60" 4} 123! vy
Control 60" Fast, then 21 None
- - slow .
4 Test 90" 150" None , fﬁat lo!
5 Contrel 30" Rapiély gon " Nene
6 Test )903 | Incem?léte by 63! None
7 Contrel 30M Repidly o0" ~ None
8 Test 186? Steady 71 Nene
_Ef'dontrol 30" Rapidly 60" Nene
2 Test 30" Slow 141 AF at 31
3 Control 307 \ ' > 30" " None
4 Test 150" None Nene None
5 CQntrol 30" > 30" None
6

Test 240" At 4 None None
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Sunmary (Cont'd)

No. ' Onset Stasis Spread (Generalized Flow Resumed

7 Control Animal discarded because of general stasis

8 Test 30" - Slight None at 5t & 55!

Discussion of Observations

Variable effects from parenteral injections of
Etamon would be expected in this experiment since there
was with sucéeeding animals, an increased interval
between the time of initial administration of the drug
and the performance of the test. However, a superficial
examination of the above results would suggest Etamon
had a definite effect which was sustained for up to four
hours following'administfation. On the average, wifh the
test animals, vascular stasis did not start for 110 seconds
after thawing, whereas with the controls the correspong-
ing time was 40 seconds, almost three times as long. It
would seem that the spread and extent of the stasis was
much less with the Etamon treated animals.

However, because the drip solution seemed at the
finish of the tests to be more deeply pinkish than would
be expected for neutrality, its pH was tested on an
electric pH meter. The determination was not done for
'a day or so following the tests, the fluid being stored
in tightly stoppered flasks in an electric regrigerator.
When détermined, the pH measured 8.9 which is admittedly

somewhat past neutralifyl The exact effect of this more
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alkaline drip solution was not studied, but the signific-
ance of the above results was considered invalid, and the
tests were repeated, as follows, using a drip solution
pretested on an electric pH meter, and carefully buffered

to a pH of 7.10.

Repeat Bxperiments with Etamon

| In the first few of the folkowing tests,
Etamon was used at a dosage level of 100 mg. per
kilogram body weight. The observations are summar-
ized in table form at the end of Animal 13.

Animal 1 (Test)

A normal adult nonpregnant female Wistar rat
was used, weighing 225 grams. 22.5 mg. of Etamon
chloride was injected subcutaneously, and fifteen
minutes later 0.15 cc of 0.6% nembutal solution was
injected intraperitoneally. Five minutes later
0.05 cc. more was injected also intraperitoneally.
Within ten more minutes the animal was sufficiently
anaesthetized to permit continuing. The*mésoappendix
was mounted on the micrescope stage and the cold
point was applied with freezing for forty seconds.
Within thirty seconds of thawing a dispersed fihe »
capillary vasostasis was observed, and a minute later
some_variable stasis was noted in the larger channels.
By two and a half minutes after thawing the stasis was

beginning to spread and in another two minutes the stasis
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was quite generalized in the injured area, although

the arterioles were pulsating te some degree. The
preperation was discontinued with no further changes
being noted.

Animal 2 (Test)

i Amhormél adult nonpregnant female Wistar rat
welghing 280 grams was used. 28 mg. of Etamon was
injected subcutaneously and with twenty-three minutes
0.15 cec. of 0.6% nembutal solution was injected intra-
periténeally. .m The preparation had to be discarded
after méuhting‘thé mesoappendix because the circulat-
ion was totally invisgible due te the amount of fat
present.

‘Animal 3 (Control)

A normal adult nonpregnent female Wistar rat
weighing 240 grams was used. 0.15 cc. of O.é% nem-
butal solution was injected intraperitoneally, but
after mounting, the mesoappendix five minutes later
showed the animal had to be discarded because of gen-
eralized vascular stasis.

Animal 4 (Centrol)

A normal adult nonpregnant female Wistar rat
weighing 205 grams was anaesthetized with 0.15 cc. of
O.é% nembutal solution, administered by intraperit-
oneal injection, and an additional 0.05 cc. was in-
jected in ten minutes and again in seven more minutes.

After mounting the mescappendix, the cold point was
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applied with freezing for thirty seconds. Within

thirty seconds of thawing, rapidly spreading vasc-
ular staslis was noted throughout the injured sareas.
The smaller venules became invelved in ninety sec-
onds more, but the arterioles were unaffected and
the arterio-venous shunts to the larger veins app-
eared to be functioning normally. Circulation
was observed to be apparently normal in the reat of
the mesoappendix. By three minutes after thawing
the circulation was quite occluded in the injured
area, except for the larger'vessels. Twe minutes
later the preparation was discentinued with ne
further change noted,

Animal 5 (Control)

A normal adult nonpregnant female Wistar rat
welghing an unrecorded amount. 0.15 cc. of 0.6%
nembutal solution was injected intraperitoneallﬁ.m
After mounting the mesoappendix, the preparation had
to be discarded because the amount of fat present

totally ebscured the circulation.

Animal 6 (Test)

“ A normal adult nonpregnent femele Wistar rat
weighing 165 grams was used. - 16.5 mg. of Etamon
chloride was injected subcutaneously. The animal
was found dead 1in its cage ten minutes later.

Animel 7 (Test)

Aphormél adult nonpregnant female Wistar rat
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welghing 155 grams. 15.5 mg. of Etamen chloride was

injecfed subcutaneously into the dorsum of the animal,
and fifteen minutes later 0.10 cc. of 0,6% nembutal
selution was injected intraperitoneally. Flve min-
utes later the preparation was mounted on the microscope
stage with excellent vasomotion ebserved, but the
animel died one minute later.

Animal 8 (Test)

Arhormal.adult nonpregnant female Wistar rat
weighing 185 grams was used. 18.5 mg. of Etamon
chloride was injected subcutaneously.and twelve min-
utes later 0.085 cc. of O.é% nembutal selution was
injected intraperitoneally.w Four minutes later the
preparation was ready, with the vascular bed dilatéd
and slugglsh, but some vasomotion was noted, although
no stasis was observed. The cold point was applied
with freezing for thirty seéonds, and within thirty
seconds of thawing, ecaplllary and venous stasis was
ebserved to have occurred. In another minute the
circulation closed down complefely within the injured
area, By seven and a helfl migutes af ter thawing,
general stesis was present throughout the ﬁesaappendix,
and it was felt this animal should not be admitted te
the data because of obvious toxiec effects from the start
.d‘ue to the Etamon.

Note:

From the sbove and previous observations, it



137
would appear that Etamon chleoride at a dosage level

of 100 mg. per kilogram was teo toxie, killing at
least 50% of the animals. Further trials will be
limited to a smaller dosage.

Animal 9 (Test)

A normal adult nenp_regnant female Wistar rat
weighing 160 grams was used., 8.0 mg. of Etamon
chloride was injected subcutanecusly and thirty sec-
onds later 0.1l ce¢. of 0.6% nembutal solution was
injected intraperiteneally. within twelve minutes
the preparation was ready and the cold point was
epplied with freezing for thirty secends., Within
thirty secends after thawing, spreading stasis was
observed in all except the large vessels and the
arterlio-venous shunts, within the injured area,
which was a relatively small fileld. Two minutes
later it was noted that the adjacent aréas were
quite hyperemic, although no spread of the vascular
stasis occurred within another two minutes. Generally
this was an excellent preparation as far as eobtaining
a good vascular bed for observation was concerned.

At the edges of the static area pulsations could be
seen entering the closed channels from arterioles.

No reopening of any vessels was observed.  The prep-
aration was discontinued eight and a half minutes

after thawing.
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Animal 10 (Test)

A normal adult nonpregnaent female Wistar rat
weighing 165 grams was Injected subcutaneously with
8.6 mg., of Etamon chloride, and in feurteen minutes
‘it was anaesthetized with 0.115 cec. of 0.6% nembutal
solution administered intraperitoneally, with 0,08
ce, moere being given in five minutes. The prepara-
tion was ready within thirteen minutes after theJ
second nembutal injection, but the animal had te be
discarded because of tee much vascular stasis gener-
ally in the mesoappendix,

Animal 11 (Control)

A normal adult nonpregnent female Wistar rat
welghing 165 grams was anaesthetized with 0.125 cc.
of 0.6% nembutal solution intraperiteneally, ahd the
pfeparétion was ready in six minutes, The celd
point was applied to a selected area of the meso=-
appendix withbfreezing for thirty seconds and within
thirty seconds of thawing, stasis had_started and
some ecchymoesis was present. In another minute 1t
waé observed that the stasis was limited to only ene
capillary bed. By three and a half minutes after
thawing the larger channels in the area were slewing,
but open. This field and the degree of cold injury
were very comparable toe the situation in Animal Q.
Animal 12 (Test)

A normal adult nonpregnant female Wistar rat
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weighing 170 grams was injected with 8.5 mg., of Etamon

chleoride subcutaneously and within four minutes 4.0 mg.
was glven additionally, making the total desage about
75 mg. per kilogram bedy weight. ' Fourteen minutes
later 0,10 cc. of 0.6% nembutal solution was injected
intraperitoneally and in another twelve minutes the
preparation was ready. The blood vessels in the
mesoappendlix were observed te be very much dilated,
and hyperemic., However, the celd point wés applied
te a selected area with freezing for thirty seconds.
Within thirty seconds of fhawing all cireulation in
the meseappendix stopped. The animal was consldered
moribund, and was discarded without further observ-
ation.

Animal 13 (Test)

A normal adult nenpregnant female Wistar rat
weighing 160 grams was injected subcﬁtaneeusly with
8.0 mg., of Etamon chloride, and feurteen minuteé
later it was anaesthetized with 0.075 cc. of 0.6%
nembutal selution administered intraperitoneally;

The preparation was ready in six minutes and the celd
ﬁoint was applled to a selected area of the mesosappend-
ix with freezing for thirty seconds. Within thirty
seconds of thawlng there was beginning venous stasis
which spread rapidly, and by two and a half minutes
after thawing the whole area was static.. Adjoining

areas were observed to be nermal, with trickling of
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bleod into the injured area from the arterieles at
the periphery. The stasis did not spread further.
No channels were observed te epen up and resume flow.
The preparation was discentinued five and a half

minutes after thawing.

Summary of Observatlons with Etamon

-

N Onset Stasis Spread Generalized Flow Resumed

1l Test 30" Rapidly 551 ~ None
Test No‘result, fat obscured circulation
Control No result, generai vascular stasis
Control 307 Rapidly 5t None

0.
2
)
4
S5 Contrel Ne result, fat obscured circulation
é
7
8
9

Test No result, animalfound dead in cage
Test No result, animal died on microscepe stage
Test Noe result, preparation net physielogical
Test 30" Rapidly 30", limited Nene
10 Test No‘result, general vascular stasis
11 Control 30" None None Nene
12 Test = No result, animal moribund en microscope
13 Test 30" Rapidly o1 None

Discussion of Observations

Etamon chloride in excess of 50 mg. per kile-
grem body weight 1s teo toxlie far practical use.,

The number of animals with valid data in this
- serles is teo_limited for any conclusions to be made.
There were only three test animals and two controls.

Observations with the control preperations
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agree fairly well with controls in other experiments.

In view of this, it would seem that ne value above

the erreor intrinsic with the methed could be claimed

for Etamon. There was no apparent delay in the onset
of stasis, no apparent decrease in the spread or extent
of the stasis, and ne'evidence‘thét Etamon enabled any

of the static channels to open up and resume circulation.

Hydergine

Experimental Observations with Hydergine

A summary ef the fellewing data appears in
teble form after Animal 195,
Animal 1 (Test)

A female nen pregnant adult Wistar rat weigh-
ing 185 grams was used. It was injected subcutan-
eously with 0.33 cc. containing 0.1l mg. of Hydergine.
This seemed to have some effect in making the animal
more doclle, and twenty-six minutes later, 0.10 cc.
of 0.6% nembutal solution was injected intraperiton-
eally for ansesthesia. Within seven minutes thé
preparation was ready, but the animal had to be dis-
carded becsuse a slowly spreading vascular staslis was
observed throughout the mesocappendix,

Animal 2 (Test)

An adult nonpregnant female Wistar rat weligh-

ing 185 grams was injected subcutaneously with 0.33 cc.
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containing 0.1 mg. of Hydergine, and twenty-three

minutes later, the animal was anaesthetized with
0.075 ec, of 0.6% nembutal selutien administered
intraperitoneally. In seven minutes the preparation
was ready, and the cold peint was applied to a sel-
ected area of the mesosppendix with freezing fer
thirty seconds. Within thirty seconds eof thawing

a rapldly spreading general small vessel stasis was
observed, bﬁt noteworthy was the fact that two and a
half minutes after thawing, a few}small vessels that
were in vascular stasis appeared to reopen, and by
ten minutes after thawing quite a marked resumption
of the clreculation was noted in many vessels that
otherwise would certalnly not have been expected te
open up. It is possible that vasomotion was ob-
served, but it is more likely that the resumption of
_flow was merely a matter of a passive flushing eof the
sludged cells by the more effective hydrostatic and
pulsating pressure permitted by the action of the
Hydergine.

Animel 3 (Controel)

An adult nonpregnant female Wistar rat weigh-
ing 185 grams was enaesthetized with 0.10 ce. of
0.6% nembutal solution administered intraperitoneally,
andvthe preparation was ready on the mlcroscope stage
within seven minutes. The cold point was applied

te a selected area of the'mesoappendix with freezing

for thirty seconds, and immediately follewing thawling,
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stasis in capillary beds and small venous channels

was noted. In another thirty seconds the large

veins were slowing, and by two minutes after thawing
the small venous stasis was slowly spreading over the
injured ares. A few larger venous channels opened
up following a temporary arrest in flow, not exactly
the same as the venous stasis oetherwise described.
After five minutes following thawing, the arterieles
and arterio-venous shunts in the injured area were all
regarded as free flowing, and the rest of the circ-
ulation in the mesoappendix was regarded as normal.

The preparatien was discarded.

Animal 4 (Test)

| An adult nenpregnent female Wistar rat welghing
170 grams was injected with 0.33 cc. of Hydergine,
centaining 0.1 mg. ef active principle, administered
subcutaneously, and twenty-eight minutes later,
0.075 cc. of 0.6% nembutal solution was injected intra-
peritoneally., Within eight minutes the preparatien
was ready, and the cold tip was applied to a selected
area of the meseappendix with freezing fer thirty sec-
onds., Vascular stasis in five caplillary beds was
starting within ferty-five seconds after thawing,
although this apparent delay in onset of fifteen sec-
ends was not considered significant. It was noted

that several normally functioning capiliary beds were
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interspersed through the static ones. By two and a

half-minutes following freezing, several of the statie
venous and caplllary systems "flushed" epen with active
vasomotion observed in the précapillaries. It was
noted‘fifteeﬁ minutes after thawing that one large
venous system failed to resume complete flow, although
a faint trickle of blood corpuscles did resume,
possibly because of the twisting and moving of the
animal under the light anaesthetie. One minute later
the preparation was discontinued because of general
vascular slowing generally throughout the mescappendix.
Animal 5 (Control)

Aﬁ adult ﬁonpregnant female Wistar rat weigh-
ing 145 grams was anaesthetlized with 0.075 cc. of
0.6% nembutel solution administered intreperitoneally.
The“preparation was ready in ten minutes, and the cold
point was epplied to a selected area of the mesoappend-
ix with freezing for thirty seconds. Within forty-five
seconds after thawing there was venous slowing and
stasis with rapidly spreading stasis 1n the venules in
the injured area. . Two and a half minutes after thaw-
ing the stasis was s?reading but meny normal capillary
beds were functioning normally in between, and alse
in the very centre of the injured aresa. By seven and
a half minutes following the thawing there was no

further change to be noeted. The stasis did not become
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generalized nor complete in the affected area. The

rest of the vasculature in the mesoappendix appeared
relatively normal when the preparatien was discontin-
ued.

Animal 6 (Test)

An adult nonpregnent female Wistar rat welgh-
ing 145 grams was injected subcutaneously with 0.1 mg.
of Hydergine contained in 0.33 cc.,, administered sub-
cutaneeusly, and in twenty-~five minutes 0,075 cc. of
0.6% nembutal solution was injected intraperitoneally.
The"preparation was ready ten minutes later, but the
animal had to be discarded because of generalized
vascular stasis and ecchymosis in the mesoappendix,

Animal 7 (Test)

An adult nenpregnant female Wistar rat welgh-
ing 140 grams was injected subcutaneously with 0.1 mg.
of Hydergine centained in 0.33 ¢c., and in twenty-
five minutes 0.05 cc. of 0.6% nembutal solution was
administered intraperiteneally, with 0.025 cc. being
repeated four minutes later. The preparation was ready
four minutes later, and the cold peint was applied
to a selected area of the mescappendix with freezing
for thirty seccnds. Within thirty seconds after thaw-
ing, small capillary stasis spreading to ether beds
was noted, and in another minute a falrly extensive

area was in stasis with only one large artery flowing.
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Actually the injured area in this preparation was

about four times as large as in animals 1 to 6, and
it was fei§ that if Hydergine had any real value in
alding the flushing of cells through the static
vessels, the area in stasis was too extensive for
the cells to flusﬁ through such a long channel by
means of arteriole pulsations, By twelve &nd a
half minutes foilowing.thawing, no further change
was noted. The rest of the circulation in the
mesoappendix was regarded as good, At the peri-
phery of the static asreas a few arterloles were ob-
served to be pulsating inte the static vessels. The
preparation was discontinued three minutes later.

Animal 8 (Coentrol)

An adult ﬁonpregnant femsle Wistar rat weigh-
ing 115 grams was anaesthetized with 0.05 cc. of O.é%
nembutal solution administered intraperitoneally and
the preparation was ready within six minutes., The
cold tip was applied to a selected area of the meso-
appendix with freezing for thirty seconds. Within
forty~-five seconds of thawing a rapidly spreading
vascular stasis eccurred. By two minutes after thaw-
ing, only the main channels and the arterio-venous
shunts were observed to be flowling, and many of these
were observed to be slowing. After a further three

minutes, no change was noted, with no further spread



147
in the stasis, and no reopening of any vascular

channels. The warm saline drip was not resumed with -
this preparafion until eight minutes after thawing,

and it was net observed to effect any immedlate
additional stasis, thus supporting the contentién
that the Ringer-Locke solution with gelatine and
glucdse added was fairly physiological. The prep-
aration was discarded eone minute later, with good
blood flow in the rest of the mesoappendix.

Note:

The pH of the Ringer-Locke drip contalning
gelatine-and glucose was adjuéted before starting,
using & Beckman pH meter and adjusting te a pH of
7.10 with sodium bicarbonate powder.

Animal 9 (Test)

An adult nonpregnant female Wistar rat weigh-
ing 175 grams was lnjected subcutaheously with O.l.mg.
of Hydergine, contalned in 0.33 cc., and twenty-
eight minutes later the animal was anaesthetized with
0.075 cc. of 0.6% nembutal solution administered
intraperitoneally. within eight minutes the prep-
aration was ready, but the animsl was discarded
since generalized vascular stasls, and much ecchymosis
were present on mounting the mesoappendix.

Animal 10 (Contrel) |

An adult nsnpregnant female Wistar rat weigh-
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ing 185 grams was anaesthetized with 0.10 ce. of

0.6% nembutal selution administered intraperitoneally
and seven minutes later the preparation was ready.

The cold point was applied to a selected area of the
mesoappendix with freezing for thirty seconds.

Within thirty seconds of thawing generalized venous
-stasis was noted to be starting which spread rap-
idly. In one miﬁute more the whole injured area was
in vascular stasis. The preparation was discontin-
ued with no further change, the remainder of the

mesoappendix apparently having noermal circulation.

Animal llv(Test)

' An adult nonpregnant female Wistar rat weigh-
ing 165 grams was injected subcutaneously with 0.1
mg. of Hydergine (in 0.33 cc.) and twenty-three
minutes later 1t was snsesthetized with 0.05 cc. of
0.6% nembutal solution administered intraperitoneally,
with 0,025 cc. more being givenlin four minutes.
Eleven minutes after the first nembutal injection,
the preparation was mounted on the microscepe stage,
ready for observation. The cold peint was applied
to a selected area of the meseappendix with freezing
for thirty secends. Within thirty seconds of
thawing, vascular stasis was ebserved to be stérting.
In one minute more, many of the channels that appear-

ed closed were again functioning, &and this restor-
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ation of circulation was net considered &ozbesdue to

passive vasomotion. In another minute, there were
oenly a few of the capiliary beds in stasis, and five
and s half minutes after thawing there were only two
c#pillary beds in.stasis. One minute later, one of
the caplllary beds reopened widely, and appeared te
be freely flowing. By nine and a half minutes after
thawing there was only one capillary bed showing
vascular stasis, and the preparation was dlscentin-
ued with the circulation in the remainder of the
mesoappendix apparently normal.

Animal 12 (Test)

Anméduli nonpregnant female Wistar rat weigh-
ing 170 grams was injected with 0.1 mg. of Hydergine
contained in 0,33 ce. subcutaneously, and twenty-
five minutes later 0,075 cc. of O.é% nembutal sol-
ution was injected intraperitoneall§ for anaesthesia.
In anether seven minutes the preparation was ready,
but the animal was discarded because of extensive
vascular stasis and ecchymosis throughout the meso-
appendix circulation.

Animal 13 (Test)

An adult nonpregnant female Wistar rat weigh-
ing 150 grams was injected subcutaneously with 0.1l mg.
of Hydergine contained in 0.33 cc. Thirty-three

minﬁtes later the animal was snaesthetized with 0,185

1
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ce. of 0.6% nembutal solution administered intra-

muscularly; In nine minutes the preparatlion was
ready and no vascular stasis was noted in the circ-
ulation of the mesoappendix. The cold point was
epplied with freezing for thirty seconds. Stasis
first appeared sixty seconds after thawing, sand in
only three capillary beds, with,howeven,some slow-
ing in the larger velns. In another two minutes a
few of the closed.arterio-vénous shunts reopened a
channel threough. At nine and a half minutes after
thawing, a very short venous channel reopened. By
six minutes later there had eccurred no further
changes. The same four statie capillary beds were
still shut down with excellent arteriole flow through
them in the arterlo-venous cheannels. The remaindér
ef the circulation appeared normal, with moderate
hyperemia present throughout. The preparation was
discontinued nineteen andva half minutes after thaw-
ing. |

Animal 14 (Contreol)

An adult nonpregnent female Wistar rat welgh-
ing 190 grams was anaesthetized with 0.10 cc. of 0.6%
nembutal selution administered intramuscularly, and
seven minutes later the dosage was repeated witkh
immediate death of the animal, presumably through

intravenous injection..
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Animsl 15 (Control)

An adult nénpregnant female Wistar rat weigh-
ing 170 grams was snaesthetized with 0.10 cc. of 0.6%
nembutal selution, administered intramuscularly in
three divided sites, and eleven minutes later the
preparation was ready on the mlcroscope stage. The
cold point was applied with freezing to a selected
site in the meseappendix for thirty seconds. Stasis
was observed within thirty seconds of thawing, and
was slowly spreading te involve in the next twe min-
utes several capillary beds within the injured area.
Four minutes later the preparation was discontinued,
with ne further change being noted.
Note:

The injection of the nembutal other than -
intraperitoneally appears to lessen the incidence eof
the vascular stasls which has been so wasteful ef

animals even befeore any testing could be done,

Summary of Observations with Hydergine

'gg; Onset Stasis Spread Generalized Flow Resumed
1 Test Ne results, mesoappendixz in stasis
2 Test 30" Rapidly Fairly gen'l 23!, max by 10!
3 Control Immediate 2 Almost total None i
4 Test 45" Not even None 2%' in many

- A - areas
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Summary (Cont'd)

No. Onset Stasis Spfead Generalized Flow Resumed
5 Control 45" Rapidly None None
6 Test No-results, megoappendix in stasis
7 Test 30"  Rapid within 1' Almost total None
8 Control 45" Rapidly EXcept A-V None
' - shunts
9 Test No results, mesoappendix in stasis
10 Control 30" Rapidly - go" None
11 Test 30" Finally, only None FAF at 9oM
, -1 Cap. bed : o .
12 Test No results, mesoappendix in stasis
13 Test 860" To four Cap beds None AF at 31

14 Control Nonresults, intravenous nembutal injectioﬁ

15 Control 30" Slowly Yes None

Discussion of QObservations with Hydergine

It would seem warranted to refrain from intra-
peritonéal injections in case the material injected
induces vascular stasis in the mesoappendix.

Control preparations behaved much as in other
experiments. There was in the control animals custom-
ary failure of ény restoration of circulation in blood
vessels once they went into stasis following thawing.
The Hydergine pretreated rats did not show a definite
tendency that was consistent toward resumption of circ-
ulation after the vasostatic effect of the freezing inj-

ury. Other differences were not considered significant
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feollowing thawing.

Apresoline

Experimental Observations with Apresoline

A summary of the following observations will
be found below in table form after Animal 11.

Preliminary test for toxicity

10 mg. of Apresoline was administered subcut-
aneously to a 200 gram nenpregnant adult female
Hooded rat. In ninety minutes there were very
obvious signs of a serious reaétion.' At the same
time, 2 mg. of Apresoline was similarly administered
to another animal of the same slze, and 1in ninety
minutes it was apparently normal.

Animsals used

Adult male Hooded rats, five in all, in
weight range of 190 te 220 graﬁs were chosen for
testing, and to these at one time was administered
2 mg. of Apresoline subcutaneously. By fifteen
minutes, all five of the injected animals were ob-
vieously influenced by the drug, though net ad-
versely, and were all lying quietly in their cages.

Five adult male Heoded rats in the weight
range of 150 to 250 grems were selected te serve as
controls, and these were not injected with Apres-

oline.
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Animel 1 (Centrol)

The animel was ansesthetized with 0.1 ce.
of nembutal solution 0.6% subcutaneously, and in
five minutes 0.125 cc. more were administered.
Stasis started within ninety seconds of thawing.
There was minimal spread after three minutes of
thawing, and the greatest part of the injured
area was.normal. Only twenty percent of the in-
jured vessels were in stasis, There was neo
further extension by six minutes after thawing.
No resumption of flow was observed.

Note:

The Ringér-Lecke saline drip solutioen with
gelatine‘and glucosé had been buffered without use
of the Beckmen pH meter, and it was.pessible the
solution when used was slightly toe alksline, but
it appeared that the material was fsairly physielog-
ical with no significant adverse effects on the
vessels being noted.

Animal 2 (Test)

The animal was anaesthetized‘with 0.075
cc. of 0;6% nembutal selution which was augmented
in fifteen minutes by 0.05 cc. more. Ne stasis
was observed within thirty seconds ef thawing;
the firat eccurring three minutes after thawing.

Only one capillary bed was involved by four and a
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half minutes of thawing. This 1s an excellently

preserved field to observe. No revascularization
was noted, nor any further change by seven and a
half minutes following thawing.

Animal 3 (Contrel)

The animal was anasesthetlzed with 0.125 cc.
of 0.6% nembutal solution with ne further nembutal
being fequired. Freezing occurred forty-8ive
minutes after the nembutal injection. After freez-
ing, a small arterioclar haeﬁorrhage was noted,
which was not severe enough to affect the animal
generally or the mesoappendix vasculature in part-
icular. At nine and a half minutes after the thaw-
ing there was generalized vascular stasis through-
out the injured ares. Ne intermediate observations
were made. These ebservations were not included
in the summary table.

Animal 4 (Test)

The snimel was snsesthetized with 0.125 cc.
of O.é% hémbutal solutien. Freezing occurred one
hour and forty minutes after the Apresoline admin-
istration. The freezing took forty seconds'Before
thawing could éommence, and except for one strongly
Tlowing arterio-venous anastamosis, there was
generalized vascular stasis in the injured area to

the extent of elghty percent within thirty seconds



156

of thawing. There was no further change: noted
by four end a half minutes after thawing, and ne
restoration of ecirculation apparent.

Animal 5 (Control)

There was ne stasis apparent by five and
a half minutes followlng thawing.
Animal 6 (Test)

The animal was anasesthetized with 0,125 cec.
of 0.6% nembutal solution. Stasis commenced within
thirty seconds of thawing. Many channels reopened
and thé bleod flowed freely through them. By twe
and & half minutes after thawing all channels were
restored. This was net the usual type of vascular
stasis. The whole injured area became freely
flowlng, end remained so by seven add a half min-
utes after thawlng when the preparation was dis-
continued,

Noete:

Into anothefuthree male adult Hooded rats
was injeéted 2.0 mg. of Apreseline subcutaneously.

Animal 7 (Test)

The snimal was anaesthetized with 0.15 cc.
of O.é% nembutal solution, and freezing injury
was inflicted seventy-five minutes after the Apres-
oline was administered. Stasis commenced within

thirty seconds after thawing. By ninety seconds
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there was rapid spread te the whole of the injured

area. No further change occurred by five minutes
after thawing, and ne restoration of the circul-
ation was noted.

Animal 8 (Control)

The animal was anaesthetized with 0.15 cec.
of O.é% nembutal solution. Stasis commenced
within“thirty seconds of thawing. Fifty percent
of the Injured area was in stasis within three min-
utes after thawing. No restoration of the cirec=-
ulation was observed.

Animal 9 (Test)

The animal was anesesthetized with 0.15 cc.
of O.é% nembutal selution. Freezing occurred approx-
imatelﬁ ninety minutes after administration of the
Apresoline. Stasis occurred in only one capillary
bed, and in that by sixty seconds after thawing.
There was also one small site of ecchymesis.  There
were no further changes by five minutes after thaw=
ing, and no restoration of the circulation.

Animal 10 (Test)

The animel was anaesthetized with 0.15 cc.
ofnembutal 0.6% solution. Freezing occurred sapprox-
imately two hours after administration of the Apres-

oline. Stasis eccurred withhthirty seconds of thaw-
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ing. Within sixty seconds of thawing, fifty

percent of the injured area developed vascular
stasis. Only one arterlio-venous bridge was funct-
ioning by three minutes after thawing. Ne restor-
ation of the static circulation was observed.

Animel 11 (Centrel)

The animal was snaesthetized with 0.10 cc.
of O.é% nembutal solution., Stasis deveioped within
fifteen seconds of thawing, and rapidly spread te
invelve thirty percent of the injured area within
sixty seconds after thawing. Much ecchymosis was
present in the static area. The stasis slowly
spread to invelve fifty percent of the injured area
within three minutes after thawing. Ne restor-
ation of the circulation was noted.

Addendum

In the case of Animal 2, freezing occurred
ene hour after the Apresoline injectioen,. With
Animal 6, 1t was two hours and ten minutes.

Summary ef Observaticns with Apreseline

"No. Onset Stasis Spread Generalized Flow Resumed
1 Contrel 90" Minimal 20% in 3'  None
2 Test ) Slowly 1l Cép.lpeé in None
: 451

d Control Results net included

4 Test 30" 80% in 30" 80% in 43! None
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Summary (Cont'd)

No. " Onset Stasis Spread Generalized Flew Resumed
5 Contrel None by 53!
6 Test 30", but complete restoration by 23!
7 Test 30" Rapidly Complete by 90" None
8 Contrel 30" Steady  50% in 31 " None
9 Test 605, in only one capillary bed None
10 Test 30" 504 in 60" 90% in 3! None
11 Control 15" 30% in 60" 50% in 3! None

Discussion ef Observations

Ne difference can be claimed between the be-
havior of the test and the control group in respect to
time before onset of stasis, extent of the stasis, or

resumption of flow in statie channels.

Chler-Tripolen

Experimental Qbservations with Chlor-Tripelon

| Into each of six adult nonpregnant female
Wistar rats in the 150-200 gram weight range was in-
Jected subcutaneously 5 mg. of Chlof-tripolon maleate
disselved in water to a strength of 50 mg. per cc.
(d.l cc. for each animsal). The injection was made
one hour before preparaihg the animals for micrescopie
observation, Six similar animals were selected as
contrels. Each animal was anaesthetized before

preparation with a subcutaneous injection of 0.15 cec.
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of 0.6% nembutal solution. A summery of the fell-

owing observations in table form will be found after
Animsl 12, The usual drlip selution was used.
Animal 1 (Centrol)

Stasis started within thirty seconds of thaw-
ing. Twenty percent of the injured area was in
stasis within sixty seéends after thawing, and sixty
percent within three minutes., One venqle opened
and cloesed Intermittently. There were ne further
changes observed within five minutes after thawing. '
No resteration of the circulation was noted.

Animel 2 (Test)

Stasis started within fifteen seconds after
theawing.  Within sixty seconds after thawing,
stasis was present in tﬁe whole of the injured area
except for one large arterio-venous bridge. Three
small ecchymoses were present within the frozed area.
No further change was noted within five minutes after
thawing, and ne resumption of flow was observed.

Animal 3 (Coentrol)

Stasis started within thirty seconds after
théwing." Sixty percent of the injured area wes
involved within forty-five seconds after thawing.
After two minutes only one large venous channel wes
flowing within the injured area. There was ne
further change noted after four minuﬁes, and no re-

storation of circulation in any static channel.
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Animal 4 (Test)

S%ésis—cemmenced sixty seconds after thawing,
in one capillary bed only. A little distance away
one venule was observed to be opening and closing,
but this vessel became static two and a half minutes
after thawing. Stasls spread te only ene ether
caplllary bed by three and a half minutes after thaw-
ing. This amount eof reaction was a rathef less effect
than would be expected from the amount of vascularity
in the injured area. By five minutes after thawing
twenty percent of the injured area was in stasis. Ne
restoration of the circulatien was noted. The Ringer-
Locke gelatin-glucese drip was not observed to have
ény appreciable harmful effect on the behaviour of

the vessels 1n the preparation.

Animal 5 (Control)

| Stasis started thirty seconds after thawing.
There was raplid spread te invelve twenty-five percent
of the injured area 1n stasis within sixty seconds.
Sixty perecent of the area was static by three minutes
after thawing. Affew venules were observed te start
and stop their flow of blood, with ne real stasis in
these channels. There was ne further change by five
minutes, and ne résumption of flow observed.

Animal 6 (Test)

Sfésisfwas noted throughout the meseappendix
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on mounting and the preparation was discarded.

Animal 7 (Centrel)

Stasis occurred within fifteen seconds after
thawing. It became generalized in the injured area
within forty-five seconds after thawing. One #en-
ous channel was observed to be flushing epen every
little while. The whole injured area was static by
three and a half minutes after thawing, and ne furth-
er change was noted by five minutes, with no resumpt-
ion of flew apparent,

Animal 8 (Test)

Stasis started within fifteen seconds of
thawing, and became generalizeé throughout the injur-
ed area by sixty seconds. No resumption of flow
was noted except In a few of the larger venules that
were not totally static, Ne further change was
neted by five minutes after thawing.

Animal 9 (Centrol)

Stasis started within forty-five seconds
after thawing. Twenty-percent of the injured area
was invelved within two minutes after thawing, and
seventy-five percent in four minutes. No resumption
of flew was noted.

Animal 10 (Test)

Stasis started within fifteen minutes after

thawing, and was tetal in the injured area within
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sixty seconds emcept for one central venous channel

that stepped and started for another sixty seconds
oenly. There was no further change noted by three
minutes after thawling.

Animal 11 (Contrel)

Stasis started forty-five seconds after thaw-
ing. Only one caplllary bed became involved by |
stasis by three minutes after thawing. Ne further
changes were noted by five minutes after thawing.

Animal 12 (Test)

Stééis started 8ixty seconds after thawing,
spreading by two minuteg after thawing. By four
minutes after thawing eighty percent of the injured
area was in stesis, and by five minutes after thaw-
ing the area was ene hundred percent statie. Ne

resumption of flow was noeted.

Summary of Observations with Chlor-Tripolen

>§2L Onset Stasis Spread Generalized Flow Resumed

1 Control 30" 20% in 60" 60% in 3'  None

2 Test 15M Rapid  90% in 60" Nene

& Contrel 30" 80% in 45" 90% in 21 None

4 Test éba Slight Two beds in 3%' None

5 contrel 30" 25% in 60" 66% in 3'  None

6 Test Preparation discarded ’

7

Contrel 15"  General in 45" 100% in 3%' None

- - -
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Summary (Cent'd)

No. " Onset Stasis Spread Generalized Flew Resumed
8 Test 156" Rapid General in 60" None
9 Control 45" 204 in 2' 75% in 4'  None

10 Test 15" 904 in 60" 100% in 2! None

11 Control 45& Nene 1 Capbbed in 3' Nene

12 Test 60" 80% in 4! 100% in 5*  None

Discussion of Observations

The animals pretreated with Chler-Tripolen
could be claimed to differ in no respect from those

control animals not pretreated with Chlor-Tripolen.

Rutin

Experimental Observations with Rutin

. All the observations regarding rutin micro-
scopically were performed by a Benior medical student
helping with the project part time. His method of
timing 18 slightly varied from that used elsewhere,
and he uses the term "general stasis" to apply to the
whole vascular bed of the mesoappendix nmount, wheréas
the term 1s used elsewhere te apply only to the vessels
within the field actusally frezen by the cold poeint, the
se-called injured area. When stasis develops N
threughout thevwhole preparatién, such a mounting 1is
regarded as unphysielegical, and the animal 1s dis-

carded, &and the results are not included.
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The test animals were prepared with rutin

prier te the experimental observation by selecting
six norma; adult male Wistar rats, placing them in
one cage, and putting inte their drinking water

the ground up rutin tablets. éOO mg. of rutin was
placed in abeut 250 cc. of water, and the animals
were observed to be drinking the water satisfact-
erily. This was kept befere them for five full
days, besides their ususl feed, and then they were
tested In the usual manner as outlined below.

Eight similar animals were selected as controls.
These were managed in a like manner, but did net
receive any rutin. The following ebservations are
summarized in table form after Animal 14.

Animal 1 (Contrel)

A male Wistar rat weighing 220 grams that had
received no prior medication with rutin was anaesthet-
ized with 0,15 ce. of 0.6% nembutal solutien injected
subcutaneously. The preﬁaration was ready twelve
minutes later, but was discarded because it fell off
of the microscope stage.

Animal 2 (Control)

A mele Wistar rat welghing 180 grams that had
' received no prior treatment with rutin was anaesthet-
ized with 0.15 c¢c. of 0,6% nembutal selution, inject-

ed subcutaneously, but tﬁe preparatioen had to be
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discarded (reason not recoerded).

Animal 3 (Control)

An untreated male Wistar rat of 190 grems
was anasesthetized with 0.15 cc. of 0.6% nembutal sol-
ution. A selected area of the mefoappendix was
frozen for thirty seceonds with the cold point apparat-
us, followed by immediate rapid thawing with the warm
drip selution which had been discoentinued during the
freezing procedure. Vascular stasis began within
thirty seconds after thawing and spread to invelve
about six capillary beds by five minutes after thaw-
ing. There was no generalized stasls or any appar-
ent restoration of blood flow in the static vessels.
Numerous capillaries and one medium sized venule were
1nv61ved.

Animal 4 (Control)

A normal adult male Wistar rat of 190 grams
that had recelved no prior medication was anaesthet-
ized with 0.15 cc. of 0.6% nembutal selution. Seven-
teen minutes later a further 0.05 cc. of nembutal had
te be administered, and the animal was satisfactorily
eanaesthetlized fifteen minutes later. A selected
area of the mesoappendix was frozen for thirty sec-
onds followed by lmmediate rapid thawing. Stasis
began within thirty secends of thawing, and spread
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to involve five or six capillary beds in twe minutes.
There was no general stasis and no resumption of flow
in those vessels in which stasis occurred. Cepill-

aries and small collecting venules were involved.

Animel 5 (Control)

A 170 grah normal adult male Wistar rat which
had received no prior treatment was anaesthetized with
0.15 ec. of 0.6% nembutal solution requiring an addit-
ional 0,05 cc., twice within the follewing fifteen min-
utes. Vascular stasis began within thirty secends
after thawing and invelved about ten capillary beds
within four minutes. There was ne general stasls
or resumtpien of flow.,. ' Capillaries and small ven-
ules were affected.

Animal 6 (Test)

A 170 éram normel adult Wistar male rat

treated with rutin was anaesthetized with 0.15 cc.

of 0.6% nembutal soelutien followed in fifteen min-
utes b§ eanother 0,05 cec. Following rapid thawing,
vascular stasis began withinAthirty seconds and spread
teo involve three or four capillary beds by four min-
utes after thawlng. There was no general spread.
Restoration of circulation was noted in ‘a collecting
venule two minutes after thawing. Capillaries and

small collecting venules were involved in the stasis,

Animal 7 (Control)

A noermal adult male Wistar rat of 170 grams
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previously untreated with rutin was anaesthetized

- with 0.15 cc. of O.é% nembutal solution, witheut any
additionsl nembutal being required, which resulted .
in a lightly anaesthetized animal. No stasis
eccurred in thirty seconds. Reversal of direction
of circulation was noted in some of the medium sized
venules within one minute of thawing, but ne stasis
was observed anywhere in the field.

Animal 8 (Test)

A normal adult male Wistar rat of 170 grams,

" previously treated wlth rutin, was anaesthetilzed
with 0.17 cc. of 0.6% nembutal solution, fellowed

in fifteen minutes with 0.07 cc. more, both inject-
ions being given subcutaneously. Stasis began within
forty-five seconds of rapid thawing, and spread
slightly te involve about three capillary beds within
five minutes after thawing. Stasis was slight and
invelved only about ene third ef the vessels in the
injured area. No general stasis or restoration of
circulation in the static vessels was noted. Cap-
‘11laries and small venules were involved in the stasis.

Animal 9 (Test)

A normel adult male Wistar rat of léb grams
was anaesthetized with 0.15 ce, of O.é% nembutal
solution after full pretreatment with rutin. Stasis
commenced seventy-five seconds after thawing, and

spread to invelve twoe or three capillary beds in four
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minutes. About one third of the vessels in the

injured area were involved. No general stasis or
resumption of flow was observed te occur. Capillar-
ies and small collecting venules were affected.

Animal 10 (Test)

A normal adult mele Wistar rat of 210 grams
previously treated with rutin was ansesthetized with
0.21 cc. of 0.6% nembutal solution administered sub-
cutaneously. Vascular stasis began with one minute
after rapid thawing, end spread te involve by four
minutes after thawing only four or five capillary
beds. About twe thirds of the vessels in the in-
jured area were invelved. No general stasis or re-
sumption of flow was observed. Capillaries and
small collecting venules were invelved in thé stasis.

Animal 11 (Coentrol)

A normal adult male Wistar rat of 220 grams
noet previously tresated with rutin was enaésthetized
with 0.18 cc. of 0.6% nembutal solution followed in
twenty minubes with 0.08 cc. morse. The animal ex-
pired during observation, and no results are record-
ed.

Animal 12 (Test)

A nermal adult male Wistar rat of 180 grams,
having received prior treatment with rutin erally,
was anaesthetized with 0.20 cc. of 0.6% nembutal

solution injected subcutaneously. Stasis commenced
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within thirty seconds after rapld thawing, and it

spread to invelve about six capillary beds within
three minutes after thawing. Two thirds of the
vessels in the injured area were in stasis, but there
was no generalized stasis throughout the preparation.
Circulation wes observed to be resumed in two vessels.
Caplllaries and small venules were involved in the
static process.

Animal 13 (Controel)

A normal adult male Wistar rat of 190 grams
net previously treated with rutin was anaesthetized
with 0.20 ce. of O.é% nembutal solution administered
subcutaneously. Sfasis commenced within sixty-
five seconds after thawing, spresding so as to in-
volve three capillary beds within three minutes.
About one quarter of the capillaries in the injured
area were invelved. There was no stasis o# resumpt-
ion of circulation in the static channels. Cap-
illaries only were invelved in the process.

Animal 14 (Test)

A normel adult male Wistar rat of 190 grams
previously treated with rutin, was anaesthetized with
0.20 cc. of 0.6% nembutal solution administered-sub-
cutaneously. fhere wasAgeneralized vascular stasis
present en mounting the mesoappendix, and the prep-

aration was discarded,
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Summary of Observations with Rutin

No. Onset Stasis Spread - Generalized Flow Resumed
1 Coentrol No results, fell off microscope stage
2 Contrel No results, dliscarded
3 Control 30" 6 beds in 5! Nene Nene
4 Contrel 30" 5-6 beds in 2! Nene Nene
5 Control 30" 10 beds in 4'  Nene None
6 Test 30"  3-4 beds in 4' None p
7 Control .Nene M
8 Test 45" 3 beds in 5!  None - None
8 Test 906 2-3 bedS‘in 4t None None

10 Test 60& '4-5 beds in 4' None None

11 Control No‘results, expiredAduring observation

12 Test 30" 6 beds in 3t None I

13 Control 85" 3 beds in 3! Nene None

‘14 Test Nomresults, generai stasis en mounting

Discussion of QObservations

The six test animals, for the five days before’
the experiments teck place,were kept in one cage and
allowed te drink from the same drinking bottles. This
together with the fact the rutin‘tended to settle some-
what to the bottom of the container probably caused
en uneven distribution of the medication ameng the rats.

The average time after thawing for stasis to
commence in five test animals was 50", Substantially

the same time, 60", held for four control animals (not
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considering Animal 7 in which ne stasis occurred).
In animals 6 and 12, definite resumption of flew in
static channels occurred. Toe quote the epinion of
the observer of these experiments, "Rutin shows some
delaying in the onset of stasis, but slight if any
decrease in the area involved. In two animals the
channels resumed flow. These results cannot be
considered definite or consistent en@ﬁgh to warrant
positive conclusiens, but the drug appears promis-
ing, and the tests should be repeated with care to

ensure an accurate dosage per animal."

Further observations with Rutin

Six rats as noted below were fed Rutin éare-
fully so that each received twenty-five mg. per day
for four days, fellowed by eone hundred mg. per day
for four more days. They showed no adverse effect
from the medication. Seven other animals were sel-
ected as controls. As mentioned these observations
were made by a senior medical student. A summary in
table form appears after Animal 13,

Animel 1 (Test)

Aﬁhermél adult nonpregnant female Wistar rat
weighing 190 grams, previously treated with rutin
orally was snaesthetized with 0.1 cc. of 0.6% nembutal

solutien administered subcutaneously. Vascular stasis
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was observed to oeccur immediately after rapid thawing,
which spread to invelve seven elighths of the injured
area within twe and a half minutes after thawing. No
generalized sfasis occﬁrred, end no resumption of
circulation.in the statlc areas was ebserved.

Animal 2 (Control)

A normal adult nenpregnant female Wistar rat
weighing 200 grams was anaesthetized with 0.1 cc. of
O.é% nembutal selutiocn. Vascular stasis occurred
immédiately after thawing which rapidly spread teo
invelve all vessels in the injured area.

Animal 3 (Test)

A’hormél adult nenpregnant female Wistar rat
of 195 grams was anaesthetized with 0.1 cc. of o.é%
nembutal solution. Stasis started within forty ”
secends after thawing, and spread te involve half the
vessels in the injured area within three minutes after

thawing.
Animsl 4 (Control)

A normal adult nenpregnant female Wistar rat
weighing 200 grems was anaesthetized with 0.1 cc. of
0.6% nembutal solution. The whole mesoappendix went
into vascular stasis from the freezing, and the prep-
aration was discarded,

Animal 5 (Test)

A normsl adult nonpregnant female Wistar rat
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weighing 160 grams was anaesthetized with 0.1 cc.

of 0.6% nembutal solution administered subcutaneously.
Stasis began within forty seconds after thawing, and
involved only four short segments of capillariles.

Animal 6 (Centrol)

A normal adult nonpregnant female Wistar rat
weighing 180 grams was anasesthetized with 0.1 cc. of
O.é% nembutal selutioen. Stasis began in fifty-five
seconds after thawing and spread te invelve one third
of the vessels in the frozen area by four minutes
after thawing.

Animal 7 (Test)

Ahﬁorm;l adult nonpregnant female Wistar rat
weighing 200 grams was ansesthetized with 0.1 cc. of
0.6% nembutal solution administered subcutaneously.
Stasis developed within fifty seconds after thawing,
spreading to invelve one quarter of the vessels in the
injured area.

Animal 8 (Contrel)

A normel adult nonpregnant female Wistar rat
weighing 180 grams was anaesthetized with 0.1 ce. of
0.6% nembutal solution. Stasis began in sixty
secénds after thawing and invelved only two or three
capillaries. There was resumption of flow in sev-

eral small capillaries.
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Animal 9 (Test)

A(hormél adult nonpregnant female Wistar rat
weighing 180 grams was anaesthetized with 0.1 cc. of
ﬁ.é% nembutal solution. Stasis started forty-five
seconds after rapid thawing, invelving three or four
short segments of caplllaries.

Animal 10 (Control)

A normal adult male Wistar rat weighing 200
grams wes ansesthetized with 0.1 cc, of O.é% nembutal
selution administered subcutaneously. . Stasis start-
ed within one minute after thawing to involve half
the vessels in the injured ares.

Animal 11 (Test)

A normal adult nonpregnant female Wistar rat
weighing 190 grams was anaesthetized with 0.13 cc.
of 0.6% nembutal solution. Stasis started sixty
seconds after rapid thawing and spread to invelve
one third of the vessels 1n the injured area in three
minutes,

Animal 12 (Centrol)

A normal adult male Wistar rat weighing 200
grams was eanaesthetized with 0.13 cc. of 0.6% nemb-
utal selution administered subcutaneously. ”Stasis
began Ifuthlrtyvs seconds after thawing and spread te

involve two thirds of the vessels in the injured area.

¥,
N
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Animal 13 (Control)

A normal adult male Wistar rat weighing 200
grams was anaesthetized with 0.13 cc. of 0.6% nem-
butal solutien sdministered subcutanecusly. Stasis
began forty-five seconds after thawing, and spread
to involve two thirds of the vessels in the injured

aresa.

Summary of Observations with Rutin

No. - Onset Stasis Spread Generalizedﬂ Flow Resumed
‘1 Test Immediate Slow% - 7/8  Nene
2 Control Immediate Rapid g Comblete None
3 mest 40"  Slow . 1/2 None
4 Contrel Ne re;ults, ﬁreparatien discarded
5 Test 40" Slow "Minimal Nene
6 Control 55" Slow 1/3 None
7 Test 50" Slow 1/4 None
8 Control 60" Slow Minimal AA
9 Test 60" Slow 12 None
10 Contrel 60" Slow - 1/2 None
11 Test | 60% Slow 1/3 None
12 ‘Centrel 30" Slow | 5/4 None
13 Centrol 45" Slow 2/3 Nene

Discussion of Observations

As mentioned above, these observations using
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rutin were performed by another werker, From
reading the data, 1t would appear that the freez-
ing injury might be a little more severe than was
customary with the othér tests. Even though this
would prevent comparison with the controls of éther
experiments, the test and control animalé of this
run should be comparable.

The time required for the onset of stasils
after the rapid thawing was identical fer both
series (average of six animéls each), namely forty
seconds. ThelSpeed and extent of the spread of
the stésis was the same for both the test and the
contrel series., It is also interesting to note
that the only instance of resumption of flow in
the static vessels occurred in a coentreol animal.

Toe quote the lmpressions of the original
observer; "The results of this experiment indicate
that rutinsdoes not alter the reaction of capillaries
in the rat meseappendix after freezing and rapid

thawing."

Ascoerbic Acid

This drug was not tested microscepically
because the observed effects on 8 gross standard

freezing injury did net warrant further investigation.
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Histamine

Experimental Observations with Hlistamine

Histamine in the dosage level of 100 mg. per
kilogram body weight was tested by parenteral inject-
ion. Summary table of the following observatlons
appears after Animal 9.

Animal 1 (Test)

A normal adult male Wistar rat welghing 272
grams was injected subcutaneously with 0.27 cc. of
a diluted histamine solution containing 100 mg. per
cc., and fifteen minutes later the animal was an-
aesthetized with 0,075 cc. of 0.6% nembutal solut-
ion administered subcutaneously. 0.05 ce. of
nembutael were repeated in ten minutes and another
0.0256 ce. three minutes afterwards. The prepara-
tion was ready on the micrescope stage seventeen
minutes after the final injection, and the cold
point was applied to a selected area of the meso-
appendlx with freezing fer thirty seconds, followed
by immediate rapid thawing. Generalized vascular
stasis developed in thelinjured area within sixty
seconds of thawing.

Animal 2 (Test)

A normal adult male Wistar rat weighing 241

grams was Injected subcutaneously with 0.24 cc. of a
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solutien centaining 100 mg. of histamine per cc.,

and sixty-three minutes later the animal was anaesth-
etized with 0.20 c¢c. of 0.6% nembutal solutioen admin-
1stered subcutaneously. When the preparation was
ready, the cold tip was applied to a selected portion
of the mesoappendix with freezing feor thirty seconds,
followed by immediate rapid thawing. Stasis devel=-
oped in thirty seconds after thawing, progressing
rapidly'to involve sixty percent of the injured area
within three minutes after thawing.

Animal 3 (Control)

A normal male adult Wistar rat welghing 235
grams was ansesthetized with 0.1 cc. of 0.6% nembutal
solution administered by subcutaneous injection. In
twenty minutes a further 0.05 ce. was injected and in
five minutes after that 0.05 ec. mere. The prepara-
tion was ready in another eight minutes, and the
cold tip was applied to a selected pértion of the meso-
appendix with freezing.for thirty seconds, followed
by immediate rapid thawing. General stasis develoeped
in the injured area within thirty seconds after thaw-
ing. |

Animal 4 (Test)

A normal adult male Wistar rat weighing 244

grams was injected subcutaneously with 0.24 cc. of a
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solutien dontaining histamine in the concentration
of»loo mge. PEr cc. ‘The animal was snaesthetized

in twenty minutes with 0.20 cc.rof 0.6% nembutal
solution administered by subcutaneous injection,

and when the preparation was ready on the micrescope
stage, the cold tip was applied te a selected area
of the mesoappendix with freezing feor thirty sec@n&s.
Stasls did not develop in any vessel within. seven
minutes after thawing, at which time the preparation
was discontinued. Good vasomotion was malntained
throughout the observation period.

Animal 5 (Test)

A normal adult male Wistar rat welghing 247
grams was injected subcutaneously with 0.24 cc. of
a solution containing 100 mg. of histamine per CCaey
and in twenty-eight minutes the animal was anaesthet-
ized with 0.20 cc. eof 0.6% nembutal solution alse
administered by subcutaneous injection., Staslis dev-
eloped within thirty seconds of thawing, and spread
to invelve thirty percent of the injured area within

four minutes of thawing.

Animal 6 (Contrel)
:A'normal adult male Wistar rat weighing 208
grams was anaesthetized with 0.15 cc. of 0.6% nem=-

butal selution administered by subcutaneous injection.
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The preparation was mounted on the micrescope stage
and the cold peint was applied to a selected area of
the mesoappendix with freezing fler thirty secends,
followed by immediate rapid thawing. Stasis devel-
oped within thirty seconds after thawing, rapidly
spreading to become generalized within the injured
area within ninety seconds after thawing.

Animal 7 (Test)

A“hormél adult male Wistar rat weighing 270
grams was injected subcutaneéusly with'0.27 cc. of a
histamine solution centaining 100 mg. per cc., and
in thirty-five minutes the animal was anaesthetized
with 0.20 cc. of 0.6% nembutal solution also admin-
istered by-subcutaneéus injection. The prepsara-
tion was mounted en the microscope stage and the cold
peint was applled to a selected area of the meso-
appendix with freezing for thirty seconds, followed
by immediate rapid thawing. Stasis developed within
forty-five seconds after thawing, becomming quite
generalized within the injured area.

Animal 8 (Contrel)

A normel sdult male Wistar rat weighing 286
grams was anaesthetized with 0.25 cc. of a 0.6% nem=
butal selution, and when ready the preparation was

mounted on the microscopé stage. The cold point was.
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applied to a selected area of the mesoappendix with
freezing for thirty seconds, followed by immediate
rapid thawing. Stasls developed within sixty sec-
onds after thawing, rapidly becomming generalized
within the injured area by twe and a half minutes
after thawing.

Animal 9 (Test)

A"hormél adult male Wister rat weighing 244
grams was injected with 0.24 cc. of a histamine sol-
ution containing 100 mg. per cc., and the animal
was snaesthetized with 0.20 cc. of O.é% nembutal
solution. The preparatien was mounted and the cold
point was applied to a selected aresa of the meso-
sppendix with freezing for thirty seconds. Stasis
started within thirty seconds after thawing, but at
no time during the period of observation did it
spread to involve more than twenty-five percent of

the injured area.

Summary of Observations with Histamine Parentergfﬁﬁ”

No. BnsetiStasis §pread Generallzed Flow Resumed
1 Test  30M"¢ Rapid by 60" None
2 Test 30" Rapid 60% in 31 None

3 Control 30" Rapid by 30" None



183
Summary (Cont'd)

Ne. _ Onsetlstasis .§pread Generﬁlized Flow Resumed
4 Test - None
5 Test 30" slow 30% in 4! None
6 Control 30" Rapid by 90" .  None
7 Test 45" Rapid Yes u None
8 Control 60" ‘Repid by 24! None
9 Test 30" Slowly ohly 25% None

Discussion eof Observatlions

These tests with parenteral histamine were
somewhat of a trial te determine an effective dosage
of histamine, and the recording was incomplete in a
few respects. There were insufficient control animels
used, for one thing. Some of the details regarding
time intervals are lackinge. None the less, it would seem
that histaemine, as here used, had seme definlite effects
on the behavior of blood vessels after a localized
freezing injury. Although no difference was apparent
in the time after thawing for stasis to start, the
extent and rate of spread of the stasis seemed to be
much less in the histamine treated animals., It is
doubtful if these findings are significant in view of
the objections here raised.

The severity of the freezimg injury would seem

to be somewhat greater here than in other experiments,
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Further Observations with Histamine

The following tests were performed te study
the effect of histamine applied locally over the rat
mesocappendix in 1:1000 dilution before freezing with
the cold point (the warm Ringer-Locke gelatin-glucese
drip being temporarily discontinued for this, but
of course being resumed following freezing se as te
effect an immediate rapid thawing, and to maintain
a physioclogical preparation during the observatien
period). The usual technique was employed, and
150 grém normal adult nonpregnant female Wistar rats
were employed, being anaesthetized fifteen minutes
before experimentation with 0.15 cc. of 0.6% nembutal
solution. A summary of the following observations
appears in table form after animal 10.

Animal 1 (Control)

Stasis occurred within twenty seconds after
thawing, whilch rapidly spread to involve half of the
vessels within the injured area by sixty seconds after
thawing. No resﬁﬁbtién of flow was observed in the
static vessels, It was noted that the large arterio-
venous bridges were flowing normelly even through the

injured area.

Animal 2 (Test)

Hiétamine in 1:1000 concnetraion was flushed
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over the mesocappendix prier te freezing. This was
observed to gilve generalized increase in blood flow,.
After rapid thawing, stasis was observed in a larger
venule within sixty seconds sfter thawing. By
ninety seconds after thawing, smell capillary stasis
was found present, but in only one capillary bed with-
in the injured area. There was no further change
noted up te two and sa half minutes after thawing when
the preparation was discontinued.,

Animal 3 (Contrel)

Stesis was noted within sixty seconds after
theawing. This spread slewly toe involve other cap-
illary beds. One large venous channel clearly showed
hemoconecentration.. Half the lnjured area was found
to be in stasis by two minutes after thawing. At
this time, histamine, 1:1000, was instilled over the
obgervation field, and this was noted te cause some
dllatation of a venule with resumed blood flow in the
large channel that had shewn the hemoconcentration.
There was no further change by five minutes after
fhawing. The histamine had no effect on the small
channels that were definitely static.  Ninety sec-
onds after the histamine was applied, one of the
small venules resumed flow, and the whole capillary

bed it drained resumed circulation. This process
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was not duplicated elsewhere within the injured area.

Animal 4 (Test)

Histamine 1:1000 was flushed over the meso-
appendix prier te freezing. ' Generalized vascular
stasls occurred within fifteen seconds after thawing.
One or two channels epened up and resumed blood flow
within sixty secends aftér thawing, but this phen-
omenon involved only a small pertion of the whole in-
jured circulatory bed. No further changes were ob-
served by five minutes after thawing.

Animal 5 (Control)

Small capillary bed stasis was present thirty
seconds after thawing. A larger venous channel
showed a temporary slowing and sludging of blood. Ne
further development was observed except that this
large channel later became static, - Histamine 1:1000
was flushed over the area, and while it haed ne visible
effect on this large static venule, 1t did cause the
circulation to reflow in the capillary bed that first
showed stasis.,

Animal 6 (Test)

Tﬁére was generalized vascular stasis within
fifteen seconds after rapid thawing. No effect attrib-
utable to the histamine could be observed. There was
no resumption of circulation in any vessel within the

injured area,
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Animal 7 (Control)

Stasis started within fifteen seconds after
thawing, and became genersalized throughout the inj-
ured area within forty-five seconds. One venous
channel showed intermittency of flow. Histamine
1:1000 when flushed over the area had no apparent
effect.

Animal 8 (Test)

V;éculér stasis first appeared ninety seconds
after rapid thawing. Some intermittency of stasils
in a couple of the larger channels was attributed
to the histamine instillation prier te freezing, but
otherwise the stasis rapidly became general,; threugh-

out the injured ares.

Animal 9 (Controel)

Stasis occurred within thirty seconds of
thawing and slowly became generalized within ninety
seconds te involve approximately sixty percent of the
injured area. No restoeration of the Qirculation in
any static vessel was noted. On flushing the field
later with histemine 1:1000, circulation resumed in
a large venous channel but‘only temporarily and inter-
mittently.

Animal 10 (Test)

Thé'meséappendix was flushed with the warm
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histamine 1:1000 selution, and then froezen in the

usual manner. Stasis started within thirty seconds
after rapid thawing, but in one capillary bed only,
with no spread of the stasis within ninety seconds
after thawing. Some sludging in larger channels
was cbrrected completely by instilling mere histamine
1:1000 ever the area, and this effect was repeated
after the vessel sludged when the saline drip washed
the histamlne awgy. ‘Ne’further change was noted by
five minutes after thawing, and the preparation was

discontinued.,

Summary of Observations with Histemine (Tepical)

No. Onset Stasis Spread Generalized Flow Resumed
1 Contrel 20" Rapid 50% in 60" Nene
2 Test 605 None Nene - Nene
3 Contrel 60" Slow 50% in 21 Nene
. Histemine gave slight resumption of flow
4 Test in 15" 7
5 Controel 30" Slow larger venules Nene
. Hlstamine gave slight resumption in flow
6 Test in 15" Nene
7 Gontrol 15" Rapid in 25" None
. Histamine gave ne apparent effect
8 Test go" Rapid Yes A
9 Control 30" Slow 60% in 90" None

. Histamine gave doubtful effect

10 Test 30n None
- . Histemine corrected sludging
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Discussion of Observations with Histamine
| On the average, the test animals took forty
- seconds to develop stasis, while the controls re-
guired only thirty following rapid thawing. This
was however not consistent enough to be significant.
Histamine applied topically over the control
preparations after ﬁtasis had occurred frequently
permitted the restoration of circulation in static
channels., In comparing this action with a similar
one obtained by flushing procaine over the mesoagppendix,
it might be suggested that the effect could be obtained
through mere physical action of the weight of the fluid
being applied from a height.
Histamine could not be definitely credited with
any significant beneficial effect on the blood channels

following a standard freezing injury.
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Gross Frostbite Experiments

Reason for Gross Experiments

As mentioned previously, on page 18, there
"was no reason to believe that the capillaries of
the rat mesoappendix functioned in the same way as
the capillaries of the rat'!s hind leg, and since
it was not the peritoneal contents that would be
affected by frostbite, it was therefore necessary
to test the same ten medications in order to find
out whether they would influence the course of the
lesions produced in the hind leg of the rat by a
standard coeld injury.  Shumakker (4 ) very complete-
ly summarizes the standard injuries of a great many
gross freezing experiments performed by several
different investigaters. In almost all of these
the tendency was to compare the resulting conditions
of a set of test extremities at a certain period
after a specified cold injury to the resulting
conditions of a simllar set of control extremities
the same length of time after'the same specified
cold injury. As an example of what is meant, an
experiment of Shumacker, Radigan, Ziperman, and
Hughs ( 4 ) 1s summarized. The tails of sixty-

four mice were frozen for five seconds at -15%¢,,

the animals having received no treatment. Four
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banimals (6.3%) showed what the authors termed an
excellent result (grade 1 reaction), nine (14.1%)
showed a good result, and fifty-five (85.9%) showed
a poor result (grade 3 reaction). Then thifty-two
mice were giveﬁ a drug (Benadryl, but the details
are not important) and put to the same freezing
injury. Two énimals (6.5%) showed an excellent
result; four animals (12.5%) showed a good result,
and twénty-eight animals (87.5) showed a poor
result. There need be no discussion of these fig-
ures except to mention that they are obviously
significant because of the numbers of animals used.
However, in assessing the frostbite injury,band in
comparing different animals, it seemed as though
something more was needed. Frostbite, like any
other pathological process, is a dyhamic process,
We cannot say to-day whether one individual is
in a better condition than another, as far.as the
disease in question is concernedyunless we know how
both were yesﬁerday an&?%hey will be tomorrow.
Accordingly, in the following pages there will appear
some attempt to record the gross frostbite results
in a dynamic manner, and the concept, an arbitrarj

concept, grented, will be explained,
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Standard Freezing Injury

Although it 1s somewhat trite to mention
‘it, freezing 1s freezing, and the temperature at
which the freezing injury is inflicted matters
little provided the degree of cold is sufficient
to freeze the extremity within a reasonable period
of time. In the data swumarized by Shumsacker (4 )
eambient temperatures varying‘frqm -10%¢. to -55°¢.
were used, provided usually'by some mixXture with
carbon dioxide snow and usually ether in a beaker
into which the extremity was dipped for a stated
length of time. By passing carbon dioxide gas
into a small beaker of ether it was found that
a temperature of from -15°G to -25%¢. was readily
obtainable, and hénce this was the temperature
range used for the bulk of the experiments reviewed
by Shumacker. Therefore -20°C. plus er minus 5¢.°
was accepted as the temperature to be used for the
standard injury. It was not always possible to
obtain on any one day a temperature exactly -20°(.
but it was usually possible to maintain throughout
each day's work the same temperature, whether -15°¢.
or -25°C. In all experiments the value of -20°¢.
will be recbrded, and where necessary this will be
qualified by some such statement asf%he animeals

suffered a slightly more severe freezing injury than
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was usually the case. This might mean a freezing
temperature of -23°¢. was used. The difficulty
in obtaining the exact temperature each day lay
in several factors. The discharge nozzle for the
carbon dioxide would freeze up to a varying extent
from day to day. The amount of ether in the beaker
would vary greatly, the warmth of the room would
be somewhat of a‘factof, etc, For this reason,
the observations of different exXperiments are
hardly comparable,

The duration of the standard injury was also:
a problem, but this was more easily settled. The
first gross experiment was a time experiment in which
the length of the freezingvvaried'from’five seconds
through tﬁenty seconds to glkty seconds. As will
be seen later, the five second injury produced too
slight & reaction for standard use, and the sixty
second injury produced far too severe a reaction.
Actually the twenty second injury (possibly due to
minor variations in degree of coldness, or variations
in the amount of the extremity immersed) was not
always 1deal, but there seemed little virtue in
reducing the time to fifteen seconds.

So, with these considerations, a twenty

second freezing injury at -20°C. was accepted as
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the standard freezing injury for the purposes
of the experiments here performed.

Manner of Thawing

There always has been a great controversy
over whether a frozen extremity should be thawed
slowly or rapidly. The time honoured method for
frozen ears or noses (which more often than not
were not "frozen" in the true sense of the word,
but just cooled to the extent that the subcutan-
eous fat solidified thus blanching the skin) has
been to rub the part sctively with a handful of
snow. This was one of the "certain widely accepted
concepts based almost entireiy upon armchair phil-
osophy of the past" that Shumacker criticises so
actively, and he pérhaps more than any other person
has gathef?enough evidence together to show that
this is erroneous and can be discarded, at least on
an experimental level. Most of the experiments
reviewed by Shumacker give immersion of the frozen
extremity in warm water at 42°C., for a specified
period ot time, usually two minutes, as the accepted
method for rapid thawing. These standards were
employed in the present experiments, and where
vpossible (providing enough animals were availsble)
both the fapid thawing at 420C. and ordinary théwing

at room temperature was used. This provided
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additional control series for almost every
experiment,
Apparatus

The accompanying photograph illustrates
an actual freezing injury and raﬁid thawing in
progress. Tﬁe carbon diexide gas was run in from
an ordinary_gas cylinder through maleable metal
tubine to the control needle valve (this was the
adapted Spencer Carbon Dioxide Microtome apparatus
as sdapted for the microscopic experiments, but
with the expansion ceold point needles disconnected
and a simple number BHinseteen spinsl asnaesthetic
needle attached) and then through a long needle
into a small 125 cc, beaker helf filled with
ether, The gas bubbling in overflowed the ether,
and a larger mégguwés provided to catch the spillage.
A thepﬁbmetep registering to -5000. was kept sus-
pended in the freezing mixture and read frequently
throughout the performance. The animal was
'anaesthetized, and the hind leg was extended and
dipped into the mixture almost to the fur line.
Generally'about ten to twenty seconds were required
for the limb to cool down, and freezing was indic-
ated by a sudden blanching of the skin and squirming

of the animal, Such a limb when frozen was very
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brittle, and could be snapped across much as a

piece of glass of similer thickness. A stop

watch, because of its large second hand that could
be started with pressing a button,was generally

used for timing. The timing was counted from the
moment of this blanching, and the limb was removed
from the freezing mixture exactly at the expiry of
the time interval (twenty seconds). On the right
hand side of the pﬁotograph is depicted the rapid
thawing. The frozen nind leg of the animal: just
finished the freezing treatment is shown dipped in

a beaker of plain tap water at exactly 429C. as
indicated on the thermometer suspended in the beaker,
The leg was.kept in the water for a minute or twe
until thoroughly limp and warm. In actual practice
the rapid thawing part of the tréatment was performed
by a helper, and a larger preserving kettle was

used instead of the beéker because the larger volume
of water maintained 1ts temperature much more
constantly.

Recording the Observations

The course of the injured limbs was not
recorded until the lapse of twenty-four hours after
the freezing injury. The animals that were thawed
at room temperature wéfe merely placed back in their

cages in qulietness, except for any injection they

-
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would be receiving. The feet of such animals .
would begin to thaw immediately, and any chance
contact with the metal of the cage would aid the
warming so that the 1limb would be limp (thawed)

within five minutes usually. It would take another
ten or fifteen minutes for the foot to warm up,

and within three or four hours the leg would begin

to show oedema. TUsually the skin would be still
bluish, but it would soon become engorged, pink,

and warm., The feet of the animals thawed rapidly

in the warm water were pink and warm as soon as they
were returned to their cages; and within the following
couple of hours they would be swollen, but still

pink and warm.

On the following day, ususlly at the same
time as the freezing had been done the animals were
weighed, and the feet examined. Examination was
made under four categories: oedema, colour change,
molsture exudate or slough, and.gangréne of toes
or other parts of the foot. A constant comparison
evaluation was attempted;Aand of course the same
person did the examining, but when possible some
other person present would be asked to corroborate
the impressions. Then under each csategory, an

attempt was made to assign a number to each obser-
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vation. The number scale used for each category

is outlined as folliows:

Oedema

Colour

Exudate

Gangrene

| I S < I VA

“»n N» O O LNV B VI

o G O

7
8

None apparent

Minimal

Moderate

Incomplete

As fully rounded as possible
Normal

Pinker than normsl

Red

Purple

Blue, either cyanosis or
' beginning eschar

Black Scab not graded.
Dry

Barely moist

Quite moist or wet

Infected ulcer or slough.

Blood clot not graded

None apparent

One toe gangrenous or missing
Five toes gangrenous or missing

Front half of paw gangrenous

Whole paw gangrenous or missing

Whole injured area gangrenous
or missing



200

This classification was not designed completely
at the very start of the experiments. One or two
preliminary tests were performed in order to determine
just efctly what changes to expect, and to construct a
table that would best describe the lesions.- The one
adopted as outlined was certainly not the only one poss-
ible, and in a few respects it is not the best. Fér
instance, the degree of swelling could have perhaps been
more accurately measured by a water displacement method.>
But the method of assessing the changes had to be reasonably
acecurate only, and the bioiogical experiments as performed
did not require the exactness of an experiment in physics.
Such a grading system as outlined on the preceding page
was at all times convenient; rapid, and accurate within
the 1limits of the error of the experiment.

On the following page is an example of how the
injury changes were graded in practice. The colour
print does not give the colour changes as accurately as
the original transparency did, but it gives as rought
illustration of what is meant by the accompanying des-
cription, The word "much" under the ocedema column
is synonymous with the word "incomplete" used befere for
a third degree oedema change;

Injury Index

As will be noted on the following Example sheet,

the term Injury Index is introduced. This word, Injury
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Example of Injury Calibration

2 3

1

This is a photograph
of the feet of group
S, which were frozen
for twenty seconds,
then thawed slowly at
room temperature. The
plcture was taken on
day three, forty-
eight hours after the
injury occurred.

- & ..

Animal Oedema Colour Exudate Gangrene

Much  Blue Wet None 50 b
Much Red Wet None 4

Much  Blue Wet None .

Much Purple Wet None 7

Much  Purple Wet None ate
Much Purple Wet None 40

OO

Converting these observations to the
arbitrary number code, we have:

]
b

30

R~

(SRR ES
IO O |
VNN W

20

HEOEH Kouda=H

Totals 18 19 12 0

The sum of these four totals, here 49, Oedflema
is plotted on all subsequent graphs as 10
the "INJURY INDEX". On the sample

graph drawn on this page, the compon-

ents of the ordinate are blocked in for
illustration, but the other graphs

would be too crowded with these addit- 0
jional details which can be read from 1 2 3
the data tables when desired. DAY
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Index is merely an arbitrary number invented in order
that the frostbite changes, on a time basis, could be
represented graphically without too much crowding and
hence confusion on the graphs., A sample graph is
indicated with the standard scale used throughout all
graphs, and the meaning of the ordinate points on the
Injury Index line graph explained.

Selection of Gross Experiments

Gross experiments were performed as outlined
in following pages. The detalls and purpose of each
experiment is explained under the write-up for the
experiment. Nine different runs were performmed as
outlined in the Table of Contents: (1) Duration ef
injury and rate of thaw, (2) procaihe; (3) repeat pro-
caine, together wilth Priséoline, (4) Benadryl, (5) Et-
amon and Hydergine, (6) Apresoliné and Chlor-Tripolon,

(7) rutin, (8) ascorbic”acid, and (9) histamine. The
rréason for the particulér grouping of the two drugs
into one experiment was made only for convenience. The

reasons for the desages selected has already been explained.
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Record of Gross Observations

Here follows a record of observations made
grossly on the effects of a standard freezing injufy
on the hind leg of the rat as outlined previously.
The results are grouped by thé drugs being tested,

according to the erder of the table of contents.

Duration of Injury and Rate of Thaw

Experimental Observations with Time and Rate of Thaw

The purpose of the §xperiment described here
was to test the effects of a standard cold injury as
influenced by the duration ef the frozen state, and
alse as influenced by the rate of thawing. Thirty-
six normal adult nonpregnant female Wistar rats were
selected, and they were divided into six groups of
8lx animels each, with each group designed as follows:

Group: 1. A group to receive a freezing injury

of five seconds duration, with rapid

thawing in water at 42°C,
2. A group te receive a freezing injury

of twenty seconds duration, with

rapid thawing in water at 429C.

3. A greup to receive a freezing injury
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of s8ixty seconds duratien, with

rapid thawing in water at 42°9C,
4, A group to receive a freezing injury

of five seconds duration, with

slow thawing at roem temperature.
5. A group to receive a freezing injury

of twenty seconds duration, with

slow thawing at room temperature,
6. A group to receive a freezing injury

of sixty secends duration, with

| slow thawing at reom temperature.
Although all groups are numbered the same throughout
all other experiments, in thls particular instance,
the numbering 1s independent. On Day 1, the day of
freezing; each animal in a group was marked charact-
eristically on the ear, and initial weights were re-
corded as on the Datae Sheet. All animsls were given
by subcutaneous injection from 0.1 cc. to 0.125 cc.,
of 0.6% nembutal solution. Then, when anaesthetized,
one hind leg was dipped 1n a beaker of ether through
which carbon dloxide gas was bubbling te bring the
temperature down te -20°C.’ The foot was immersed up
to the hock (just below the fur line), sand as soon as
the skin blahched, indicating the foot was comﬁletely

frezen (at this moment the rat invariably squirmed, in
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spite of adequate ansesthetic), the time was counted
so that the leg was immersed and frozen for exactly
the required length of time, depending en the group
to which the animsal belonged. The animals of Groups
4, 5, and 6 were placed in their cages and the feet
were allowed to thaw at room temperature, taking
approximately fifteen or twenty minutes te become
limp and warm. The animals of groups 1, 2, and 3
were treated by répid thawing, whereby the frozen
feet were immersed immedlately at the expiry of the
appropriate time interval in the ether , into water
maintained at exactly 42°¢. The feet were left in
the warm water for approximately one minute, until
theroughly thawed and warm, Then these animals were
also returned to their cages and all thirty six were
left quietly alone until they wakened from the effects .
of the nembutsal. Observations were made as recorded
in the tables, by the method described above for
estimating the degree of frostbite injury under the
categories of oedema, celour change, exudate and sleugh,
and gangrene. |

Data Sheets

These tables are fairly self-explanatory,
being simplé tallies by animals in groups, and by
days, Day 1l being the day of the freezing. They are

necessafily as compact as possible. Symbels are:;
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180
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208
175
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195
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174
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235
215
240
199
238
197

1

260
169
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236
201
220

228
237
175
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182
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203
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Grp, group, Gm, grams, O, oedema, (, colour change,
E, exudate, G, gsngrene, =, means not present. All
animals were dispesed of7 with chleroferm fumes on
Day 7.

Summary Sheet

Following the Data Sheets is a Summary Sheet
which gives the average weight for each group each
day, and under I, or Index, gives the total for the
injury changes occurring for that group that day. As
described before, thls concept of an Injury Index is
just an arbitrary number obtained by adding all the
pathological changes together for each group each day.
Note that the values for Group 3 on days 5, 6, and 7
are underlined to indicate an extrapolation to make
up for the animal that died.

Graphs

The values on the Swummary Sheet'are plotted
en tﬁglsiééle line graphs, the firét for the Injury
Index changes from day to day, and the second for
the weight changes. These are done in colours feor
easler reading, but each line is otherwise clearly
labelled by the nature of the injury, rather than by

group numbers.

Condition of the Animals

There 1s 11ttle need te include details of
the rats‘themselves._ Within a couple of hours of the

freezing, all feet were grossly oedematous, bright
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o O (ﬂ.l\) =

Day

Grp

o d ®’ M O+

Day

o .
209
206
211
206
197
221

204
201
202
195
181

203

. Gm

18
48
20
57
88

209
209
216
204
194
219

209

Summary‘Sheet

I
143
31
39
-
43
48

207
201
200
196
186
201

14
50
19
61
87

Gm

209
206
207
202
191
211

I
30%
34
47
37
49
63

208
206
202
201
189

202

209
210
205
197
185
206

26
51
32
49
66
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pink, warm, and essential?h@ntender,_ although
apparently numb for the animals hobbled areund their
éages apparently unaware of the positlions of their
injured feet. The day to day changes in the appear-
ance of the of the feet may be readily imagined from
the values on the Data Sheets. Generally the rats
did well, ;nd the graph showing weight changes in-
icates a fairly similar response through all groups,

Individusal rat weight changes mean little.

Discussion of Observations

The Injury Index graph gives a very clear
separatibn of the various groups. An Index readyng
of 80 indlcated a very severe reaction; and in this
case the feet of Group §'s animals all sleughed off
to the limits of the freézing,' whereas, at the
other extreme, by Day 7 it was almost impossible
to detect any change in the feet of the animals of
Group 1, except for a slight thickening of the skin
over the dorsum of the paw. .

There is first of all, as would be expected,

a worse,injury produced the longer the limb is frozen.
The effect of the sixty second injury is worse thén

for the twenty, and the twenty worse than for the

five. This response was consistent throughout the
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graph.

Then there is secondly, well demonstrated,
the great benefit to be derived from rapid thawing
of the frozen 1limb in warm Wﬁter at 42°C. This
effect was also consistent throughout the graph,

Photographs'

On Day 3, ‘after a repeat dosage of the
nembutal anaesthetic, all feet were photographed in
colour by groﬁps. The prints obtained were of toe
poor a quality te merit inclusion here. However,
the pictureoef Group 5, labelled "Time 5" has been
used eérlier to illustrate how aﬁFInjurj Index is
calculated. It would be worthwhile to examine this

page again in reference to this experiment.
Procaine

-Experimental Observations with Precalne Hydrochlorilde

The purpose of the experiment here described
was to test the effects of a standard cold injury as
influenced by parenteral injectioens eof procaine at
a dosage level of 200 mg. per kilegram body weight
administered hourly prier to the freezing injury and
for forty-eight hours afterwards. Thirty normal
adult male Wistar rats were selected,'and they were

divided inte five groups of six animals-each, with
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each group designed as fellows:

Group: 1.

2.

These groups are
subsequent gross
here corresponds

and Group 4 here

A group to receive a freezing injury
of twenty seconds duration with

slow thawing at rocom temperature.

A group to receive only the procaine
injections as outlined.

A group teo receive both the procaine
injections and & freezing injury eof
twenty'seconds duration with slow
thawing at room temperature,

A group to receive a freezlng injury
of twenty seconds duratien with
rapid thawing in water at 42°C.

A group to recelve both the procaine
injections and & freezing injury ef
ﬁwenty seconds duration with rapid
thawing in water at 42°¢.

numbered identically throughout all
experiments. Note that Group 1

to Group 5 of the last eXperiment,
with Group 2 there. On day 1 eof

the experiment, the day of freezing, each animal was

marked characteristically on the ear, and initial

weights were recorded as on the Data Sheet. The

enimals of Groups 2, 3, and 5 received their initial
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subcutaneous injection of procaine selution pre-
pered at 20 mg. per cc¢. for ease in cemputing

doses, Then, sapproximately twenty minutes later,
the animals of Groups 1, 3, 4, and 5 received by
subcutaneous injection an anaesthetlizing dose of
O.é% nembutal selutioen ranging from 0.1 ee. to

0.125 cc. Then, when gnaesthetized, one hind leg
of each animal in these groups was dipped in a
beaker of ether through which cerbon dloxide gas was
bubbling to bring the temperature dewn to -20°C,

The foot was immersed up to the hock (just below the
fur line), and as soon as the skin blanched, indic-
ating the foot was completely frozen (at this

moment the rat invariably squirmed, in spite of
adequate ansesthetic), the time was counted so that
the leg was immersed and frozen for exactly twenty
seconds by stop watch. The animals of Groups 1 and
5 were placed in their céges and the feet were all-
owed to thaw at reom temperature, taking approxim-
ately fifteen or twenty minutes to become limp and
warm, The animals of groups 4 and 5 were treated
by rapid.thawing, whereby the frozen feet were imm-
ersed immediately at the expiry of the twenty secends
inte water maintained at exactly 42°c. The feet

were left in the warm water for approximately one
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minute, until thoroughly thawed and warm. Then these
animals were alse returned to their cages and all
thirty were left quietly alone (except for the hourly
injections of proecaine) until they wakened from the
.effects of ﬁhe nembutal. Observations were made as
recorded in the tables, by the method described abeve
for estimating the degree of frostbite injury under
the categories of oedema, colour change, exudate and
slough, and gangrene.

Data sgheets

These tables are falrly self-explanatory,
being simple tallies by animals in groups, and by
days, Day 1 belng the day of freezing. They are
necessérily as compact as possible. Days 1 and 2
include a receord of the hourly injections. The
symbols used are: Grp, group, Gm, grams, gqlh, hourly,
0, oedema, (C, colour change, E, exudate and slough,
G, gangrene, F, freezing, -, means not present or not
administered, “N, full dose of procaine, %, one half
the dose of procaine, %, one quarter the dose of
procaine (note that % in the 0 C E G colunns means half
velue).  All animals not already dead were disposed
of with chloroform fumes on Day 4.

Summery Sheet

Following the Data Sheets is a Summary Sheet



Grp Gm

1 264
310
180
287
254
518

2 410
295
348
241
267
268

3 279
317
202
306
320
318

4 261
317
292
255
238
244

5 283
242
210
282
341
285

Day 1
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Data Sheet
Grp qlh Gm OCEG Gm OCEG

R 270 332 - 2603 4 2 -
---------------- - 3103223 3033331
T 165 3 3 2 - 164 3 4 2 =
———eemmmmmm————— 205 3 3L -~ 292332 -
------------ mme-- 252331 - 249 3 4 2 -
----------------- 323 332~ 311343 =

2 (Deadl
i.};k;k Fmmm————— 272 259
4 Z.fkf.f 1111132323327 303 303
242442423245 4553
TI5TIiE543554258 216 221 |
535323303553 4587 24l 245
iiaaEadsiisai~=-~~ 246 212 (Dying)

3 (Dead)

(Dead)

(Desd)

(Dead) .

-=illei-illenceae 206 2 3 2 - 281 (Dead wt)
-------- I iemceee 207 2 4 - 274 2.3 1 -

4 cmmecmccccecee-- - 26631-- 267211 -
----------------- 306 21 -~ 2831 - - -
----------------- 289 31 -~ 289311 =
---------------- - 249311- 239211-
----------------- 238 311~ 229021 - -
----------------- 240 311 - 244221 -

5 wlececeleacccaaaa - 27011 - - 26221 - =(Dead)

| eeesesscescscoa—- 230 21 - - 218 2 1 - -(Dead)
i’ Yateutndadataln 199 2 - = - 196 2 1 -~ -(Dead)
221213932223191 3 258 31 - - 237 31 - - |

Day 2 (Cont) | 3 4
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Summary Sheet

Grp Gm  Gm I Gm I Gm I

1 269 264 41 269 46 263 55
2 284 270 259 246

3 319 306 40 296 38 277 36
4 268 264 30 265 26 258 22
5 254 =242 24 239 163 226 19}
Day 1 2 3 4

which gives the average weight for each group each
day, and under I, or Index, gives the tetal for the
injury changes oécurring for that group that day. As
described before, this concept of an Injury Index 1s
just an arbitrary number obtained by édding all the
pathological changes apparent tegether for each group
each day{ Except for Groups 1 and 3 where no animals
expired, all I values had to be extrspolated up te
cerrespond to six animals per group. As will Dbe
explalned below, this seriously reduces the signif

icance of the data,
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Graphs
The values on the Summary Sheet are plotted

on two simple line graphs, the first for the Injury
Index changes from day to day, and the second for
the welght changes. These are done in colours for
easier reading (except for the Time graphs ef the
last experimentﬁthese and all succeeding gross graphs
have identical colours), but each line is otherwise
clearly labelled by the nature of the injury and
treatment rather than by group numbers.

Condition of the Animals

It will be obvious from the Dgta Sheets that
the procaine in the dosage giVenltook a terrible toll
of the animals. Many;after the sixth dose,were
comatese and in convulsions. This explains why such
drastic-reductions in the medication were necessary.
Many died, and of these surviving,many sat limply
huddled in thelr cages,weakly protesting every dis-
turbance. The day to day changes in the appearance
of the feet may be imasgined from the values on the
Data Sheets, These do not reflect the pitiful cond-
ition of the animals.

Discussion of Observations

Procalne in the dosage used 1s too toxic teo

be practical.
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The Injury Index graph confirms the impression
that rapid thawing at 429¢ reduces the severity of the
injury reaction. This is consistent both with the
procaine treated groups and with the control groups.

Procaine treatment administered as outlined
appafently resulted in less injury than was shown by
the contrels. The fact that the graphs for the pro=-
calne treated animals lie under the cerresponding
control graphs supports this claim. 4However,‘twe
sanimals never make a group, and the lack -of any sié-
nificance in these graphs is realized.  +They are in—'
cluded merely for interest.

The weight graphs afteét to the toxic effects
of the procaine. The précaine treated animals show
a steady and rapid weight less, while the controls

tend to maintain thelr weight more steadily.

Procaine and Priscoline

Experiments with Procaine (Repeat) and Priscoline

The purpese of the.experiment here described
was to test the effects of & standard cold injury on
the hind legs of rats as influenced by twe different

drugs. Because of the texicity and moertality of the
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procaine at the dosage level used iIn the last exper-
iment (200 mg. per kilogram bedy weight) it was de-
cided ﬁecessary to repeat the experimenf_using the
procaine at half the desage, viz. 100 mg. per kile-
gream, buf‘administered by subcutaneous injection
three hourly. The effects of priscoline were also
tested at a dosage level of 50 mg. per kilogram body
weight also administered subcutaneously at three
hourly intervals. Thirty normél adult nenpregnant
female Wistar rats were selected, and they ﬁere
clearly divided inte two groupings: one of eighteen
animals for testing with procaine, and the other of
twelve animals for the Priscoline tests. Each div-
ision was divided into groups of six animals each,
with each group designed as follows:

Group: 2. A group to receive only the pro-

calne injections as outlined.

.4, A group te receive a freezing injury
of twenty seconds duration with
rapid thawing in water at 42°G.’

5. A group to receive both the procaine
injections and a freezing injury eof
twenty seconds duration with rapid
thawing in water at 42°c.

Group: 4. A group to receive a freezing injury
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of twenty seconds duration with
rapid thawing in water at 42°C.
(Group) 5. A group to receive both Priscoline
, , injections as outlined and a freezing
injury of twenty seconds duratien
with rapid thawing in water at 42°C.
These group numbers are 1de?tical throughout all gress
éxperiments ( except the fi;st). On the day the
freezing was"dane, Day 1, the animals of each group
were marked charactefistically on’the ear, and
initial weights were recorded as on the Data Sheet.
The animsals of Group 2 and both Groups 5'receivgd two
initial injections of their sappropriate drug. The
procaine solution was in a concentration of 10 mg. per
cc., and the Priscolline was 2 mg. per cc. Then one
hour approximately after the second dose of the drugs
the animals of both Groups 4 and both Groups 5 were
anaesthetized with 0.1 to 0J25 cec. of’O.é% nembutal
solution administered subcutaneously. When anaesth-
etized, one hind leg of each animal in these groups

was dipped in a beaker of ether through which carben

dioxlde gas was bubbling to bring the temperature down

o
to =20 C. fThe foot was immersed up te the hock (just

below the fur line), and as soon as the skin blahched,
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indlcating the foot was completelj frozen (at this
moment the rat invarlably squifmed, in spite of
adequate anaesthetic), the time was counted so that
the leg was immersed and frozen for exactly twenty
seconds by stop watch. All animals were treated by
rapid thawing, whereby the frezen feet were lmmersed
immedliately at the expiry of the twenty seconds inte
water maintained at exactly 42%c. The feet were
left in the warm water for approximately one minute,
until thoroughly thawed and warm. Then these animals
were returned to their cages and left quietly alone
(except for the three hourly injections) until they
%akenéd from the effects of the nembutai. Observ-
ations were made as recorded in the tables, byt the
method described above for estimating the degree of
frostbite injury under the categories of oedema, colour
change, exudate and slough, and gangrene.

Data sheets

These tables are fairly self-explanatory,
being simple tesllies by animals in groups, and by
days, Day 1 being the day of freezing. They are
necessafily as compact as possible. Days 1, 2, and
3 include a record of the three hourly injectlons.

The symbels used are: Grp, group, Gm, grams,



Grp

Day

Grp

Day

Gm

197
184
194
178
178
181

188
195
170
186
173
191

201
189
170
207
201
194

192
146
182
195
198
195

185
204
197
184
205
206

NNFNNNNNNNNN
NNFNNNNNNNNN
NNF (Died)

NNFNNNNNNNNN
NNFNNNNNNNNN
NNFNNNNNNNNN

PPFPPPPPPPPP
PPEPPPPPPPPP
PPFPPPPPPPPP
PPFPPPPPPPPP
PPFPPPPPPPPP
PPFPPPPPPPPP

226

Data Sheet
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Data Sheet

Procaine

Grp Gm O C E G Gm OCEG Gm OCEG Gm OCEG

2 175 188 - 178 217
168 182 170 216
165 178 170 212
163 178 177 217
155 174 174 208
159 174 175 211
4 168 2 21 - 174 2 2 2 =~ 173 2 2 2 - 1751 2 3 -
178 3 3 2 - 176 2 4 3 6 184 2 3 - 6 186 1 2 - 6
(Dead)
168 2.2 1 - 176 1 2 1 - 162 1 1 - - 187 1 2 2 -
166 2 3 1 - 164 1 3 - - 168 1 2 - - 184 1 41 -
176 1 1 - = 180 1 1 - - 186 1 1 = = 20211 - -
5 179 21 - - 190 2 1 - = 198 1 1 = = 228 2 3 - =~
167 2 1 - - 174 2 2 - - 178 1 2 =« = le8 2 2 1 -
(Dead)
182 3. 3 1 - 180 21 - - 194 2 3 - - 208 2 3 - =
181 211 - 190 3 3 2 = 192 1 1 - - 212 221 -
176 2 2 1 = 190 2 1 - = 197 1 1 - - 214 2 2 3 -
Day 4 6 8 10
Priscoline
Grp Gm O C E G Gm O CEG Gm O CEG Gm O CEG
4 184 2 2 - - 196 1 3 1 - 200 1 2 = = 228 1 2 - -
146 3 3 - = 13 2 3 = = 132 1 2 1 - 140 1 1 - 1
171 3 4 2 - 172 3 4 2 = 176 3 3 1 = 183 2 3 3 =
188 1 2 - - 192 = 1 - = 18611 - - 214 1 1 - -
184 2 2 =« - 202 - 2 = - 204 1 21 - 235 1 2 - -
178 2 2 - = 180 2 2 - - 181 1 1 - = 200 1 2 = =
5 175 331 - 178 3 3 1 - 185 2 3 - = 202 2 2 = =
188 2 1 = = 1901 1 - - 197 11 - - 207 1 2 - =
184 111 - 181 2 3 2 = 1881 31 - 2101 2 3 -
172 3 21 - 172 2 2 - - 170 1 2 - = 194 1 2 2 =
194 3 2 1 - 185 2 2 2 - 196 2 2 - - 210 2 3 3 1
197 3 21 = 187 2 21 - 194 1 2 1 =- 2051 3 2 =

Day 4 . 6 8 10
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-1
13

(Dead)
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133
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g3h, every thfee hours, 0, oedema, C, colour
change, E, exudate and slough, G, gangrehe,

N, injection of precaine, F, freezing, -, means
net present or not administered, P, injection of
Priscoline. All surviving animals were disposed
of on Day 13 with chloroform fumes.

Summary Sheet

Followling the Data Sheets is a Summary Sheet
which giées the averagé weight for each group each
day, and under I, or Index, glves the total for the
injury changes occurring for that group thet day. As
described before, this concept of an Injury Index is
just an arbitrary number obtained by adding'all the
pathological changes apparent together for each group
each day. Where an animal died, the Injury Index
was'extrapolated to raise the value to what could be
expected for a complete group.

Graphs

The values on the Summary Sheet are plotted
on two simple line graphs, the first for procaine
and the second for Priscoline. The weight curves and
the Injury curves are put oento the same corresponding
graph, and plotted agalnst time. The X marks on the

graphs indicate missed days to permit the graph te



Grp

Day

Gryp

Dey

Grp

Day

Grp

Day

185
187
198

177
187 34
212 28

10

185
197

Gn T
210 22

205 33

10

37
30

I
42
36
2

230

Summary Sheet

Procaine
Gm I Gm I Gm I
172 164 179
175 36 168 31 174 37
184 26 177 27 187 25
3 4 6
em I G@n I Gm I
199 201 208
176 31 182 28 191 12
198 25 201 29 210 37
11 12 13
Priscoline
Gm I Gm I Gm I
180 35 177 30 179 26
191 34 185 31 184 31
3 4 6
Gm I G6m I Gm I
185 17 191 17 196 16
191 2¢ 193 2¢ 202 15
11 12 13

Gm I
174

175 29
192 17

8

Gmn I
181 22
188 23
8
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be centained within ene page. These graphs are

done in colours for easier readihg (all graphs have
identical colours except for the Time graphs of the
first experiment), but each line is otherwise clearly
labelled by the nature of the injury and treatment
rather than by group numbers.

Condition of the Animals

The animals receiving procaine were in much
better condition en the reduced desage received less
often, However, they were somewhat affected,
appearing rather out or sorts, and less active than
healthy rats should be. The Pirsceline had no
observable ill effect on the group of animals receiv-
ing 1it.

Discussion of QObservations

‘A casual inspection of the Injury Index graphs
for procalne and Priscoline weuid give the impression
that procaine protected the rat legs and that the
Priscoline permitted a worse injury. The key te the
question lies in the fact that Injury Index.lines feor
the control groups, Groubs 4, on beth the proecaine
end the Priscoline graphs should be more simlilar than
they are, considering the fact they are for ldenticsal

groups receiving the standard freezing injury, follow-
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ed by rapid thawing, without any medication. Act-
uelly there was little significant difference in the
appearance of the various greups of animals.
Weight changes were compa.rable between the

various groups, indicating that none were adversely

affected by the drugs.

Bena 1

Experimental Observations with Benadryl

The purpose of the expefiment here described
was to test the effects of a standard cold injury as
influenced by parenteral injections of Benadryl at a
dosage level of 2 mg. per kilogram body weight admine-
istered subcutaneously at three hour intervals prior
te the freezing injury and for forty~eight hours aft-
erwards, Thirty-six normal adult nonpregnant female
Wistar rats were selected, and they were divided
into five groups with each group‘designed as follows:

Group: l. A group of eight animals to serve as
a .contrel group and to pereive a
freezing injury of twenty seconds
duration with slow thawing at room
temperature.

2. A group of five animals te serve as a
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control also, and te receive only
the Benadryl injections as outlined.

S, A gréup of eight animals to receive
both the Benadryl injections and a
freezing injury of twenty seconds
with slow thawing ét room temperature.

4, A group of eight animals to serve as
a contrel, to receive & freezing inj-
ury of twenty seconds duration with
repid thawing in water at 42°C,

5. A group of seven animals (one of the
eight originally set aside died when
being anaesthetized withrembutal, and
was eliminated completely from the
records) to receive both the Benadryl
injectiéné and a freezing injﬁry of
twenty secoends duration with:rapid
thawing in water at 42°(C.

The larger number of animals being used was decided on
because several other animals in the same room had

chest conditions and it was feared a few of the enimals
in this experiment might later develop infection and
have to be discarded, hence two extra rats were added
to each group as spares. Group 2 is small because there

were not enough animals to fill the desired quota. These
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groups are numbered identically throughout all sub-
sequent gross experiments. On Day 1 of the exper-
iment, the day of freezing, each animal was marked
characteristically on the ear, and initial weights
were recorded as on the Data Sheet. The animalé of
Groups 2, 3, and 5 received their initial subcutan-
eous injection of Benadryl solutien prepsared by
dilutiogféhe Parke-Davis product centaining 10 mg.
pér cc. to a more convenient strength of 2 mg. per
cc. and each animal was given 0.1 cc. for each 100
grams of body weight. By using a tuberculin syringe
graduated in hundredths of a cc., it was a simple matter
to inject the cerrect amount just by giving the animal's
weight in 1/100's of a cc. The injections were given
every three hours for a total of eighteen injections,
lasting from half past ten e'clock of Day 1 to half
past one ot'clock on Day 3, as noted on the Data Sheet.
Groups 2 and 3 missed their injection once,-at helf
past seven o'clock on the evening of Day 2 because of a
shortage of the drug. The animals were kept in five
cages, all the enimals of one group in the same cage.
At least oné hour after the initial Benadryl
injection the animals in Groups 1, 3, 4, and 5 were
given subcutaneously freﬁ 0.07 ce. to 0.1 cc. of O.é%
nembutal solution., Then, when ansesthetized, one hind

leg of each animal in these groups was dipped in a
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beaker of ether through which carbon dioxide gas was
bubbling to bring the temperature down to -2090. The
foot was immersed up to the hock (just beloﬁ the fur
line), and as soon as the skin bianched, indicating
the foot was completely frozen (at this moment the

rat invariably squirmed, in spite of adequate anaesth-
esia), the time was counted so that the leg was
immersed and frozen for exactly twenty seconds by

stop watch, The animals of Groups 1 and 3 were
placed in thelr cages and the feet were allowed to
thaw at reom temperature, taking approximately fifteen
or twenty minutes to become limp and warm. The animals
of groups 4 and 5 were treated by rapid thawing, where-
by the frozen feet were immersed immediately at the
expiry of the twenty seconds into water maintained at
exactly 42°C, The feet were left in the warm water
for approxiﬁatelj one minute, until thoroughly thawed
and warm, Then these animals were alse returned to
thelr cages and all thirty-six were left quietly alone
(except for the three hourly injections of Benadryl)
until they wakened from the effects of the nembutal.
Observations were made as recorded en the Data Sheets,
by the method described above for estimatiﬁg the degree

of frostbite Injury under the categories of oedems,
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colour change, exudate and slough, and gangrene.

Data Sheets

) These tables are fairly self-explanatory,
being simple tallies by animals in groups, and by
days, Day 1 being the day of freezing. They are
'necessarily as compact as possible. Days 1 and 2
include a record of the three hourly injections. The
symbels used are: Grp, group, Gm, grams, qdh, every
three hours, 0; cedema, C, colour change, E, exud-
ate and slough, G, gangrene, F, freezing, -, means
not present or not administered; N, anaesthetic,

B, Benadryl injection. All surviving animals were
dis@osed of on Day 10 with chleroform fumes.

Sunmary Sheet

Following the Data Sheets is a Summary Sheet
which in this experimeﬁt does twoe things. Because
of the unusually large number of enimels per group,
the Summary Sheet first summates the values each day
by greups, and under I, or Index, gives the total
for the injury changes‘occurfing for that group that
day. As described before, this conecept of an Injury
Index is just an arbitrary number obtained by adding
all the pathelogical changes apparent together for
each group each day. In the lewer half of the

Summary Sheet the values are interpolated down for a
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Data Sheet
Grp Gm q3h OCEG q3h
1 233 =NPw==—ee=- 33 =« = mmeca—a-
288 <NPF--====-=- 32 = = mccmea--
284 =NF-eeec=-- 341 = cocae---
298 <NF-===---= 3 2 = @ cmmem——-
200 =NPF--=ee--- 31 « = cmmceana
317 =NFe--e---- 33 = = cemeaae-
276 <NP-em=cw-x 311 « —-coeee-
276 =NPe-e=-wu-- 33 = = ce-eee--
2 280 B--BBBBBBBB BB-BBBBB
325 B--BBBBBBBB BB-BBEBB
272 B--BBBBBBBB BB~BBBEB
272 B--BBBBBBBB BB~-BBBBB
255 B--BBBBBBBB BB-BBBBB
3 ‘218 BNFBBBBBBBB 3 1 - - BBBBBBBB
326 BNFBBBBBBBB 3 1 - - DBBBBBBBB
305 BNFBBBBBBEB 3 3 - - BEBEBBBEBB
308 BNFBBBBBBBB 3 3 - -~ BBBBBBBB
272 BNFBBBBBBBB 3 3 - - BBBBBBEB
190 BNFBBBBBBBB 3 2 - - DBBBBBBBB
280 BNFBBBBBBBB 3 3 - 2 BEBBBBBEB
188 BNFBBBBBBBB 3 2 - - DBBBBEBBB
4 302 «NPF-==c—me=- 31l = = wecmeca=
260 =NF-wmeee-- 31 = = ccmceae-
308 «NF-w-eeea- 31 =« = ccmceea-
250 <NPF-eeewace- 31 = = cacece-a
31l =NFewmcewa- 31 - = —emccwa-
274 <NFewemwmaa 51l =« =« amccccaa
280 <=NF-cw=cecwa 31l = = concavnaa
280 <NF-c-cwca- 31 = = comcacaa
5 232 BNF Died
275 BNFBBBBBBBB 3 1 - - BB-BBBBB
254 BNFBBBBBBBB 3 1 - - BB-BBEBB
214 BNFBBBBBBEB 531 - - BB-BBBBB
268 BNFBBBBBBEB 5 2 - - BB-BBBBB
246 BNFBBBBBBBB 5 X - - DBB-BBBBB
242 BNFBBBBBBEB 31 - - BB-BRBEB
196 BNFBBBBBBBB 3 1 - - BB-BBBBB
Day 1l 2

RN RNNNU WO MWW RRANRRHRRWY O
L N N = SRS N7, NN N NN

ol |

O UL wK

RN UPd O

WHEFNDWNOHD

LAV

HOEREODFDODEFEND ©H

W

HH = LAVE IR A I AVIR (W IR AW I VIR A V]

H1 11T ooy Q

[ D B A O B B | LAV A el el ol ol ol |



Grp Gm

3
a3
(&)

1 216
280
280
280
240
305
265
270

(G EGRERSR VIV HNGH
bR ULBId a

2 290
330
260
270
250

3 210
305
290
300
260
175
260
165

TEEWwWWww ODWwow Womw oo

4 300
250
310
240
205
275
275
270

PRWUNDVUFD DURODKAWLWWWWK
DHAIHAIRWRHB oo,

P =1 N

5 (Dead)
265
240
220
260
240
230
180

CUDDULWLWNK

o
OHHWKNN

W W W W

Day 3(cont) 4

HOODHFDODOND I

B e

DA RWDNO W

(T T T o T T I |

]

b

VUL W

215
275

280

260
230
290
260
270

280
320
265
270
250

206
325
280
290

- 250

175
260
160

295
245
300
230
280
265
275
255

260
230
220
250
230
235

Data Sheet

240

uBurHEdUWL O

HHREODHHDDHEFE FDDDDONDN
HED

W ool ol (VIR AV I V)

NN Q

GO (RN RO RV RO R

HE®&OG®N
1 HBE

HFOHFDILEHERFND

M HiFDI oG
(S N B O N

Lol I VI

RN

O I I o I I B )

Gm

210
250
270
270
230
285

250
260

280
320
260
270
245

200
280
280
2856
250
180
260
170

280
250
265
235
290
260
260
250

240
235
220
250
235
230

Lpnulnuwe O

DOHNWDNO N

o R )

L PR
HOBNHD
| HHOH

| I I I ¥

Qoo o

HHEODHE®WD MO LV RV G RV RN

txd

b OOk @

=0 I D N B B I

HoHKE HI1D®RI DM
L RV 4

[ N T I B B A |

L T o |

1 o

205
260
270
280
225
280
245
255

275
310
265
270
250

200
285
285
265
245
170
260
180

280
250
280
225
3086
250
260
270

235

225

220
240
230
230

10

I HE
HDMN 0D
[ I B |
S T T O |

(S RVE O RGERWVE S B e

QUHOGIWDO W

=t

i+ 1=

AHRNDHFEHFRF® Q

HHEHFREHFFRFE DODDGONDH

LI IO B B o B B |

LI I O o I R I ]

N I

t O 1018
auoodbdhodh

el B IR VIR I ol B |

(S N4 N

(0¢8]



Grp

13 T Y SR N

DaY'

Grp

(5 I ¢ I

Day

Grp

o s U v ¢

Day

Gm

2222
1402
2087
2269
1526

2020
1370
1890
2110
1380
10

277
280
261

284

254

I
45

44
52
29

75

73
13
16

33

33
24
25

241

Totals Sheet

em I
2136 66
1400

1965 86
2215 42
1455 42
3

I
64

95
56

32

Gn I
2080 59
1385
1945 70
2145 29

1425 26

5

Summary Sheet

Gm I
267 49
280

246 64
277 30
242 37
3

I
48

72
27
32

Gm I
260 45
277
243 52
268 21
237 26
5]

Gm I

2025 91

1375

1905 85

2090 27

1410 22

7

Gm I Gm I
263 69 252 37
275 274
238 63 236 54
261 21 264 9
235 22 230 16
7 10



242

theoretical six animal group, and average weights
were obtained by dividing the total weight for the
group by the number of animals in the group.

Photographs

On Day 3, at approximately three otcleock in
the afternoon, all animals were again anaesthetized
with the same dosage of 0.6% nembutal solution, and
were photegraphed in colour, Colour prints of
Groups 1, 2, 3, and 4 are attached below, but unfort-
unately the pilcture of Group 5 was improperly ex-
posed and did not develop. The feet can be com-
pared with the corresponding entries on the Data

Sheets on Day 3.
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GraEhs

The final interpolated values on the Summary
Sheet are plotted on twoe simple line graphs, the
first fer the Injury Index changes from day to day,
and the second: fer the corresponding weight changes.
These are done in colours ror easier reading (except
for the Time graphs of the first experiment, these
and all other gross graphs have identical colours),
but each 1line is otherwise clearly labelled by the
nature of the injury and treatment rather than by
group numbers.

Condition of the Animals

The animsals remained in general good health
throughout the duration of the experiment. As will
be apparent from the Weight graph, the Benadryl
treated animals did not lose weight any more than the
centrol'gnimals. Th_e behawlor and appearsance of
the animals did not suffer much.

Discussion of the Observations

It was felt that Benadryl as administered,
had a cehsistently harmful effect on the clinical
course of the froe_stbite lesiens as broduced in this
. experiment. This was readily apparent by casual
observation of the animals in the various groups, as
well as apparent from a study of the data ebtained

and the graph drawn from it. Although the coeleur
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photegraphs are incemplete for group 5, groups 1
and 3 may be compared, and their positions on the
Injury graph for day 3 placed (dotted lines).

. The previously noted beneficlial effects of
the rapid thawing at 42°C. was again confirmed,
and'with Groups 4 and 5, although group 5 was ad-
versely affected by the Benadryl, both greups were
in all respects less affected by the frostbite after
rapid thawing than werecthe animals in Groups 1 and
3 which were thawed at room temperature.

All the groups shd%d a significant average
weight loés, except the control group receiving the
Benadryl only. This loss was attributed solely to
the effects of the freezing injury, both through
probably pain, and toxlc effects locally.

‘ The fact that an antihistaminlic drug adversely
affected the course of the leslens produced by a stand-
ard frostbite injury suggested both the need for re-
peating the experiment with another antihistaminie
(Chlor-Tripolon) and alse the peossibility that, if
Benadryl antagonizing histamine or a histamine-like
éubstance liberated by the trauma of freezing, a drug
like histamine should be investigated for its role
in the tissue reaction, and for any pessible influence

it could have on the course of the frostbite lesioens.
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Etamon and Hydergine

Experimenfal Observations with Etamon and Hydergine

The purpose of the experiment here described
was to test the effects of a standard cold injury as
influenced by parenteral injections of two different
drugs. Etamon chloride (tetra-ethyl ammonium chlor-
ide) was to be tested at a dosage level of 50 mg.
pe;‘kilogram body welght administered subcutaneously
at three hour intervals, prior to the freezing injury
and for forty-eight hours afterwards. Hydergine
was to be tested in different animals at a dosage level
of 1 ce., per animal adninistered alse subcutaneously
at three hour intervals, priér to ‘ the ffeézing injury
and for forty-eight hours afterwards, Twenty-four
normal adult male Wistar rats were selected, and they
were divided inte féur groups with each group designed
a8 follews:

Group: 4, A group of six animals to serve as
a control, to receive a freezing inj-
ury of twenty seconds duration with
rapid thawing in water at 42°cC.
5. A group of six animals te receive
both the Etamon 1njections and a
freezing injury of twenty seconds dur-

ation with rapid thawing in water
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at 42°C.
4, Another group of s8ix animals to
serve as a control, to receive a
freezing injury of twenty seconds
duration with rapid thawing at 42°C.
5. A group of six animsls te receive
both the Hydergine injections and a
ffeezing injury of twenty seconds
duration with rapid thawing in water
at 42%c.
‘The group numbers are kept uniform throughout all the
gross experiments, hence explaining the duplication.
There will be no ambiguity because the group being
discussed will be exactly referred to. On the third
day prioer te the freezing (Day =3 on the Data Sheets),
each animal was marked cha;écteristicallybon the ear,
and initial weights were recorded. On Day 1, the
day of the freezing, welghts were again recorded and
then the animals of beth Groups 5 received their
initial subcutaneous injections of either Etamen of
Hydergine. j’&his was at a quarter of ten o'clock.
The respectiﬁe injections were continued every three
hours until a quarter after ten o'clock on Day 3,
with ne doses midsed. The record of these injections

was not put onte the Data Sheets. The animals were
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kept in four cages, all animals of one group 1h the
same Cage.

At least one hour after the initial injections
the animals were given (all animals, that i1s) subcut-
aneously frem 0.07 te 0.12 cc, of O.é% nembutal
solutien. Then when anaesthetized, one hind leg of
each animal was dipped in a beaker of ether through
which carbon dioexide gas was bubbling te bring the
temperature down te -20°C. The foot was immersed up
to the hock (just below the fur line); and as soon
as the skin Blanched,'indicating the foot was complete-
1y frozgn (at this moment the rat invariably squirmed,
in spite of adequate anaesthesia), the time was
counted se that the leg was immersed and frozen for
exactly twenty seconds by step watch. The animals
were then all treated by rapid thawing, whereby the
frozen feet were immersed immediately at the expiry
of the twenty seconds into water malntained at
exactly 4200. The feet were left in the warm water
for approximatelj one minute, until thoroughly thawed
and warm.. Then the animals were returned to their
ceges and were left quletly alone (except for the
three hoeurly 1njections)'until the& wakened from the
effects5of.the nembutal. Observations were made as
recorded on the Data Sheets, by the method described

above for estimating the degree of frostbite ingury
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under the categories of oedema, colour change,

exudate and slough, and gangrene.

Data Sheets

| These tables are fairly self-explanatery,
being simple tallies by animals in groups, and by
days, Day 1 being the day of fréezing. They are
necessérily as compact as possible. All the date
for Etsmon is placed on the first, and the daﬁa for
Hydergine is placed on the second. The symbels used
are: Grp, group, Gm, grams, 0, oedema, (C, colour
change, E, exudate and slough, G, gangrene,

-, means not present. All surviving snimals were
disposed of on Day 13 with chleroform fumes.

Summary Sheet

Following the Data Sheets is a Summary Sheet
which giées the averagé weight for each group‘each
day, and under I, or Index, gives the total for the
injury changes 6ccurring for that greup that day.

As described before, this concept of an Injury Index
is just an arbitrary number obtalned by adding all
the pathological changes apparent together for each
group each day. In view of the fact none of the
animals died, no_eitrapolation was necesasary. As
noted on the Summary Sheet, the top half appllies to

Etamon, and the remainder to Hydergine.
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Data Sheet - Etamon
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Data Sheet - Hydergine
Gm . Gm OGCEG Gm O
308 316 3 2 - - 315 3
342 360 321 - 352 3
320 329 31 - - 329 3
275 281 3 2 -~ -~ 284 2
287 2869321 - 260 3
270 275 3 21 - 273 3
282 283 321 - 281 3
206 295 3 21 - 291 3
285 279 321 - 273 3
203 204 3 31 - 202 3
266 263 3 3 - - 2564 3
296 290 3 1 - - 281 3
1 2 S
CEG Gm OCEG Gm
31 - 311 2 31 - 322
32~ 344 3 32 - 343
3 - - 326 2 2 - -~ 343
23 - 282 2 2 3 - 329
11~ 258 2 2 -~ - 275
31 - 2756 2 3 1 - 285
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Day

Grp

Day

arp

Day

Grp

Day

171
177

-3

174
178

505
273
-3

299
263
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Summary Sheet

Etamen

Gm Gm I Gm I
178 168 29 172 27
180 177 35 179 31

19 191 13
25 196 9
13

Hydergine

Gm Gm I Gm I
295 301 32 302 33
271 271 35 264 35
1 2 3

35 316 15
41 279 286
13

170
175

- 300

265

21

30

37
36
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Graghs

The. values on the Summary Sheet are plotted
directly on the two simple line grephs, the first
for Etamen and the second for Hydergine. Weight
and Injury Index changes are plotted against the
days. fhe graphs had te be fereshertened between
Days and 13 in order to dontain them within one
page at the scale chosen, The graphs are done in
colours for easier reading (except for the Time
graphs of the first experiment, these and all other
gross graphs have ldenticel colours), but each line
is otherwise clearly labelled by the nature of the
injury and treatment rather than by group numbers.

Condition of the Animals

The animals remained well throughout the
‘duration of the experiment. Initially the Etamon
had e subduing effect on the behavieur of the rats,
but later they became‘normally active., The Etamon
injections were somewhat painful, causing squealing
each time the material was injected. The Hydergine
had no apparent effect on the animals réceiving it.

Discussion of the Observations

The impression clinically was that Etamon
had ne influence on the course of the frostbite inj-

ury, and that Hydergine worsened the course of the

injul"y.
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On the Etamon'graph the Injury Index line for the
Etamon treated group remained slightly abeve the
control line, later crossing it. However with
the Hydergine treated Index line there 1is a later
divergence,

Neteworthy is the fact that both contrel
nInjury Index lines are similar, which they should
be in that similar groups, Groups 4, were both
treated identically. If the mean of these two
red lines were drawn in; the résulting line would
only serve to accentuate the differences described
above,

The weight graphs run essentislly parallel

for all groups.

Apresoline and Chlor-Tripolon

Experiments with Apresoline and Chlor-Tripolon

» The purpose of the experiment here described
was to test the effects of a standard cold injury as
influenced by parenteral injections of two different
~drugs. Apresoline was to be tested at a dosage level
of 2 mg, per animal administered subcutaneously at
three hour intervals, prior to the freezing injury

and for forty-eight hours afterwards. Chler-Tirpolen

was to be tested in different animals at a dosage level
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of 5 mg. per animasl administered alse subcutaneously
at three hour intervals, prior to the freezing injury
and for forty-eight hours afterwards. Elghteen normal
adult nonpregnant female Wistar rats were selected,
and they were divided into three groups of six animals
each, with each group designed as folloews:
Group: 4. A group of six animals to serve as

a control, to receive a freezing

Injury of twenty seconds duration

with rapid thawing in water at 42°C.

5. A group of six animals to receive
both the Apresoline injections and
a freezing injury of twénty seconds
duratien with rapid thaewing in water
at 420(¢.

5. A gfoup of six animals to receive
both the Chlor-Tripolon injections
and a freezing injury of twenty seconds
dﬁration with rapild thawing in water
at 42°¢.

The group numbers are kept uniform throughout all the
gross experiments, hence explaining the duplication.
There will be no ambiguity because the group being
discussed will be exactly peferred to. On Day 1 of the

eXperiment, the day of freezing, each animal was marked
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characteristically on the ear, and initial weights
were'recorded as én the Data Sheet. The aﬁimals of
both Groups 5 recelved their appropriate initial
injections at ten o'clock and again at one o'clock.

At three o'clock all animels received by intfaperitoﬁ-
eal injection an anaesthetizing dose of O.é% nembutal
solution of 0.075 ce. Then when anasesthetized, one
hind leg of each animal was dipped in a beaker of

ether through which carbon dioxlide gas was bubbling te
bring the temperature down to -20%¢. The foot was
immersed up to the hock (just below the fur line), and
as soon as the skin blanéhed, indicating the foot was
completely frozen (at this moment the rat invariably
squirmed, in spite of adequate anaesthesia), the time
was counted so that the leg was immersed and frozen
for exactly twenty seconds by stop watch. The animals
were then all treated by répid thawing, whereby the
frozen feet were immersed immediately at the expiry

of the twenty seconds into water maintained at exactly
420C. The feet were left in the warm water for approx-
imatély one minute, until thoroughly thawed and warm.
Then the animals were returned to thelr cages and were
left quietly alone (except for the three hourly inject-
ions) until they wakened from the effects of the

nembﬁtal. Observations were made as recorded on the
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Data Sheets, by the method described above for
éstimating the degree of frostbite injury under the
categories of oedema, colour change, exudate and slough,
and gangrene. The animals were kept in three cages,

2ll animals of one greup in the same cage. On Day 1_4
all animals were disposed of with chloroform fumes.

Data Sheets

These tables are fairly éelf-explanatory,
being simple tallies by animals in greoups, and by
days, Day 1 being the day of freezing. They are
gé;;é;Zrily as compact as possible. Days 1, 2, and 3
include a record of the three hourly injections. The
symbols used are: Grp, group, Gm, grams, qdh, every
three hours, 0, oedemsa, C, colour change, E, exudate
and slough, G, gangrene, -, means not present or not
administered, P, freezing injury, A, Apresoline inj-
ection, ¢, Chlér—Tripolon injection,

Summary Sheet.

Following the Data Sheets is a Summary Sheet
which giﬁes the averagé weight for each group each
day, and under I, or Index, gives the total for the
injury changes 6ccurring for that group that day. As
described before, this concept of an Injury Index is
Just an arbitrary number obtained by édding all the

pathological changes apparent together for each group
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Data Sheet

Apresoline
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Data Sheet

Apresoline

Hii 100

Chlor-Tripolon
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Grp

Day
Grp

Day

Grp

Day
Grp

Day

144
163

154

Gm I
161 25
171 18
11

Gn I
144 42
11
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Summary Sheet

Apresoline

Gmn I Gmn I Gmn I Gm I
141 34 143 33 147 27 155 23

150 24 165 23 1563 17 157 17

2 3 4 5

Chlor-Tripolon
Gmn I Gm I Gn I Gm T

142 35 136 40 128 49 130 61

2 3 4 5
Apresoline
Ga I
152 20
181 13
14

Chlof-Tripolon
Gm I _

15459
14

Gn I
160 29
172 20

Gmn I
139 54
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each day. In view of the fact that none of the
animals died, no extrapolation was necessary.
Graphs

The values on the Summary Sheet are directly
plotted ontoe the twe simple line graphs, the first
being for Injury Index changes by days, and the
second fof-wéight'changes also by days. The graphs
had to be foreshortened between Days 5 and 14 in
order to contain them within one page at the scale
chosen. The graphs arg’done in coleours fer easier
reading (except for the Time graphs of the first
experimeﬁt, these and all other gross graphs have
identical colours), but each line is otherwise cleafly
labelled by the nature of the injury and treatment
rather than by group numbers.

Condition of the Animals

The animals receiving Apresoline were apparently
quite unaffected by the drug. However, the Chlor-
Tripolen quite adversely affected the rats receiving it.
As will be noted from the Data Sheets, quite a few
of the Injections with Chlér-Tripolon had to be missed
because of serious illness in the animals. However
none expired, and all recovered to an gpparéntly nermal

state after the Chlor-Tripolen was discontinued,
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Discussion of the Observations

There was only one untreated contrel group
used in this experiment, but it behaved in a typical
manner, and the Injury Index line graph for this
group 1s comparable with the similar graph in other
experiments. G@nera%ly speeking Apresoline favour-
ably influenced the behavieur of the injured feet
of those animals receiving it. This was the general
impression clinically,' and the Apresoline Injury
Index graph bears this out. However, the Chlor-
Tripolon treated animals were made very much worse
after the freezing injury. This reaction is much
greater than it was for Benadfyl. It is possible
the general effects the Chlor-Tripolon had on the
enimaels could have influenced the healing of the
injured feet.

The weight graph confirms the fact that the
Chlor-Tripolon had an adverse effect generally on the

animals receiving it.

Rutin

Experimental Observations with Rutin

The purpose of the experiment here described

was to test the effects of a standard cold injury as
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influenced by rutin administered orally. Thirty
normal adult male Wistar rats were éelected for the
test and they were divided inte five groups of six
animals each, with each group designed as follows:
Group: 1. A control group te receive a freez-
ing injury of twenty seconds duration
with slow thawing at room temperature.

2. Another controel group to receive only
the oral rutin medication.

3. A group to receive both the rutin
and a fréezing injury of twenty sec-
onds duration with-slow thawing at
room temperature.

4. A control group to receive only a
freezing injury of twenty seconds
duration ﬁith rapid thawing in water
at 42°C.

5. A group to receive both the rutin
and a freezing injury of twenty
seconds duration with rapid thawing
in water at 42°C.

As noted previously, these groupings are the same

throughout 8ll gross experiments. On Days -9, =7, and
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-5, being the ninth, seventh, and fifth days prieor

to freezing, all animels in groups 2, 3, and 5 re-
ceived 100 cc. of water containing 100 mg of rutin
(two ground up 50 mg. compressed rutin tablets).

Each animal was in a separate cage, each receiving
its own individual water supply containing the rutin,
On Day =4, being the fourth day before the freezing,
theéoncentration of the rutin solution was increased
so that each animal of Groups 2, 3, and 5 received
each day 100 mg. of rutin contained in 35 cc. This
was administered on each of Days -4, -5, -2, and -1,
and of course the same solution was given daily .
afterwards until the animals were disposed of on day
6. No record was kept of the precise amount of
rutin censumed by the animals receiving it. There
was a little wastage, and several of the animals left
some of their solution each day. However, it was
felt that it could be safely claimed each animal took
at least 50 mg. of rutin per day, and many took as
much as 90 or 95 mg. Although no record was kept

of the fact, it was noted that the animals were some-
what consistent in whether or not they drank up all
their rutin solution each day. All animals in
Groups 1 and 4 were kept gix to a cage, that is, one
cage for each of these two-grQups. All animals

were weighed on Days 1, 3, and 5.
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On Day 1, the day of the freezing, the animals
of Groups 1, 3, 4, and 5 were given subcutaneously
from 0.1 to 0.125 cc. of 0.6% nembutal solution.
Then when the animals were anaesthetized, one hind
leg of each animal in these groups was dipped in a
beaker of ether through which carbon dioxide gas was
bubbling to bring the temperature down to -20°C.
‘The foot was immersed up to the hock (just below the
fur line), and as soon as the skin blénched, indicat-
ing the foot was completely frozen (at this moment
the rat invariably squirmed, in spite of adequate
angesthetic), the.time was counted so that the leg
was immersed and frozen for exactlyotwenty seconds by
stop watch., The animals of Groups 1 and 3 were
placed in their cages and the feet were allowed te
thaw at roem tempersasture, taking approximately fiftéen
or twenty minutes to become limR and warm. The
animals of groups 4 and 5 were treated by rapid thaw-
ing, whefeby the frozen feet were immersed irmediately
at the expiry of the twenty seconds into water maintained
at exactly 42°C. The feet were left in the warm water
for approximately one minute, until thoroughly thawed
and warm. Then these animals were also returned te
their cages and all thirty were left quietly alone

until they wakened from the effects of the nembutal,
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Observations were made as recorded in the Data Sheet,
by the method described before for estimating the
degree of frostbite injury under the categories of
oedema, colour change, exudate, slough, and gangrene.

Data Sheet

This table is fairly self-explanatery, being
a simple tally by animals in groeups, and by days, Dayl
being the day of freezing. It is necessarily as |
compact as possible. The syﬁbols used are: Grp,
group, (Gm, grems, O, oedema, C, colour change, E,
exudate and slough, G, gangrene, F, freezing, -,
mesns not present. ‘

Summary Sheet

Following the Data Sheet is a Summary Shéet
which gi%es the averagé welght for each group each
day, and under I, or Index, gives the total for the
injury changes éccurring for that group that day. As
described before, this concept of an Injury Index is
just an arbitraery number obtained by édding all the
pathologlcal changes apparent together for each group
each day. Except for Group 2, where of course no
freezing was performed, and:no Index number -wii2 appear.,
Because no snimals exXpired ﬁo eitrapolation was nec-

essary.
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Data Sheet
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Summary Sheet

Gop Gm I G I I em I I

1 257 42 23536 53 231 47 37

2 237 237 234

3 222 31 208 34 31 212 33 31

4 g3 35 22321 25 216 24 22

5 235 17 22813 ‘16 21413 10

Day 1 2 3 4 5 6
Graphs

The values appearing on the Summary Sheet
above were plotted directly onto twe simple line
graphs, the first for the Injury Index changes from
day to day, and the second for thé‘weight changes.
These are done in colours for easier reading (except
for the Time graphs ef the first experiment, these and
all;ggggfgding gross graphs have identical colours,
and of course, all are on the same scale), but each
line is otherwise clearly labelled by the nature of
the injury and treatment rather than by group numbers.

Condition of the Animals

All animals remained in excellent condition for
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the duration of the experiment. They drank their
rutin solution readily.

Photographs

On Day 4, after again anaesthetizing the
animals with 0.1 to 0.125 cc of 0.6% nembutal
solution, all the feet were photographed in colour
as indicated by the colour prints below. It is
interesting to compare the appearance of these
feet with the values recorded for Day 4 on the Data
Sheet, and also with the Injury Index graph for

Day 4,
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Discussion eof Observations

It was felt both clinicglly and through
observation of the Data Sheet and graphs that rutin
as administered had a consistently beneficial effect
‘on the clinical course of frestbite lesions as pro-
duced in this experiment.  This consisted in decreased
development of oedema, less colour change, less skin
slough, and less gangrene. The Injury Index graph
lines are well and consistently separated.

The previously noted beneficial effect of
rapid théwing in water at 429C. was agein confirmed,
and with rutin, the animsals receiving the drug were
in all respects leBs affected by the injury than those
not receiving the drug, although both groups were
rapidly thawed.

Rutin as administered appeared to have ne ad-
verse effects on the animals receiving it.

All of the animals on the average in each group
showedra significanf weight loss, except for the control
group receiving rutin only. The role that limited fluid
intake played in this weight loss was not assessed.

Note:

The senior medical student who was helping with

the projéct part time performed the actual freezing eof
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the feet, and while he froze them more or less
uniformly throughtout the rutin series, his degree
of injury was only about eighty percent as severe
as the injury used elsewhere in the experiments.
Although it is easy to write about a standard cold
injury, the actual performance of the same 1s

afflicted with many minor variations.

Ascorbic Acid

Experlimental Observations with Ascorbic Acid

The purpese of the experiment here described
was to test the effects of a standard cold injury
as influenced by parenteral injections of ascofbic
acid at a dosage level of 50 mg. administered sub-~
cutaneously in 1 cc, asmounts twice a day for five
dajs preceding the freezing injury and for five dsays
afterwards. Forty-twe normal adult nonpregnant
female Wiétar‘rats wefe selected, and they were divid-
ed inte seven groups of six animals each, with each
group designed as follows:.
Group: l. A control group to receive a freezing
injury of twenty seconds duration with
slow thawing at room temperature.

2. A group to receive only the ascerbic
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acid injections as outlined.

3. A group to receive both the ascerbic
acid injections and a freezing inj-
ury of twenty seconds duration with
slow thawing st room temperature.

4, A group to receive a freezing injury
of twenty seconds duration with
rapid thawing in water at 42°¢.

5. A group to receive both the ascorbic
acid injections and a freezing inj-
ury of twenty secoends duration with
rapid thawing in water at 42°C.

6. A contrel group for microscopic obs-
ervation to receivé ne ascerbic acild.

7. A group for microscepic obsefvation
to receive the ascorbic injections
as outlined.

These groups, with the exception of Groups 6 and 7 are
numbered identically throughout all gross experiments.
Note the microscepic work was not perfermed as planned
on these last twe groups, but they were carried along
until Day 3, and their weights were included in the

Data Sheets as controls, On the fifth day before the

freezing, Day -5, each animal was marked characterist-
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ically on the ear, and initial weights were recorded
as on the Data Sheets. The animals of Groups 2, 3,
5, and 7 all received their initial subcutaneous
injections of ascorbic acid at nine o'clock. The
injections were continued at nine o'clock both morning
and evening until nine o'cleck in the morning of Day 3,
with the injections being missed once, the evening
dose on Day -l. Daily weights were recorded as on the
Data Sheets. On Day 1, the day of the freezing, the
animals of Groups 1, 3, 4, and 5, at a quarter past
ten o'clock, were anaesthetlzed with an intraperiton-
eal injection of 0.075 te 0.1 cc of O.é% nembutal
solution. Then, when anaesthetized, one hind leg

of each animal in these groups was dipped in a

beaker of ether through which carbén dioxide gas was
bubbling to bring the temperature down to -20%¢.

The foot was immersed up to the hock (just below the
fur line), and as soon as the skin blanched, indic=-
ating the foot was completely frozen‘(at this

moment the rat invariably squirmed, in spite of
adequate anaesthetic), the time was counted so that
the leg was immersed and frozen for exactly twenty
seconds by stop watch, The animals of Groups 1 and

3 were placed In theilr cages and the feet were allowed

to thaw at room temperature, taking approximately
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fifteen or twenty minutes to become limp and warm.
The animals of groups 4 and 5 were treated by rapid
thawing, whereby the frozen feet were immersed
immediately at the expiry of the twenty seconds inte
water maintained at exactly 42, The feet were
left in the warm water for approximately one minute,
until thoroughly thawed and warm. Then these
animals were alse returned to thelr cages and all
animaels were left quietly alone until they wakened
from the effects of the nembutal. Observations were
made as recorded in the tables, by the method describ-
ed above for estimating the degree of frostbite from
the categories of oedema, colour change, exudate and
slough, and gangrene. The animals of Groups 6 and 7
were destroyed on Day 3 end the remainder on Day 8,
all by chleroferm fumes.

Data Sheets

. These tables are fairly self-explanatory,
being simple tallies by animals in groups, and by
days, Day 1 being the day of freezing. They are nec-
essarily as compact as possible. There is included a
record of all ascorbic acid injections. The saymbols

used are: Grp, group, Gm, grams, bid, twice a day,



Grp Gm

1 190
192
172
219
195
206

2 200
199
208
203
190
208

3 2156
220
206
212
220
203

4 204
218
200
185
208
219

5 201
209
204
198
200
190

6 219
200
216
185
174
182

7 210
206
200
195
193
192

Day =5

Gm

191
195
176
217
199
208

197
194
209
205
198
214

225
220
209
_17
222
209

204
215
201
187
211
219

201
214
204
194
206
185

220
200
214
186
174
186

214
210
205
198
195
196

bid Gm
- 193
- 198
-- 177
- 221
-- 204
- 212
CcC 200
cc 189
cc 215
cC 212
cC 198
CC 219
CC 225
CcC 224
CC 212
ccC 221
CcC 229
CC 212
- 208
- 220
- 201
- 190
- 209
- 221
cC 206
cC 221
CcC 206
CC 199
CC 210
cc 192
- 216
- 200
-- 211
-- 182
- 178
-- 187
cC 217
CC 207
CC 206
CC 201
CC 196
CC 199
-3

285

Data Sheet

bid Gm bid Gm
- 198 == 193
- 188 -- 198
- 180 -~ 181
- 221 -~ 227
- 204 -- 2056
- 210 -~ 212
cC 201 c¢ 2056
CcC 185 CC 201
ceC 220 CC 218
CC 212 CC 216
cC 201 ¢CC 203
CC 217 C¢C 219
GC 232 CC 233
cC 231 ¢C 225
CC 210 CC 210
CcC 225 C(CC 229
H 233 CC 229
CcC 220 C¢C 224
- 210 == 213
- 222 -- 224
- 202 == 201
- 1956 -~ 193
- 210 - 212
- 220 == 227
cC 205 66 206
CcC 229 CC 233
(619} 200 ¢C¢ 203
CC 202 CC 200
CcC 211 C¢C 214
CC 194 CC 192
- 226 - 226
- 200 == 199
- 211 -~ 217
- 191 == 189
- 179 -- 186
- 191 -- 186
CC 214 C¢C 213
CC 219 C¢C 218
cC 203 CC 196
CcC 212 ¢¢ 207
cC 196 C¢ 196
cc 207 C¢C 203

-2 -1

bid Gnm

- 196
- 198
- 180
- 230
- 201
- 212
c- 201
c- 196
C- 217
C- 205
C~ 194
C- 206
C- 227
C- 226
C- 212
Cc- 229
C- 233
C- 225
-~ 218
- 226
- 203
-- 183
- 215
- 232
C- 206
G- 230
C- 205
C- 199
C~- 210
C- 196
- 230
-- 203
-- 218
-- 189
-- 186
- 188
C- 212
C- 217
C- 199
C- <210
C- 196
C- 196

1

bid

-F-
-
-F-
P
.
-

Cc=-C
C-C
C-C
Cc-C
c-C
Cc-C

C¥C
CFC
CFC
CFC
CFC
CFC



Grp Gm

1 199
199
180
228
200
217

2 203
199
223
199

0

L

186

198

3 227
230
217
228
235
227

4 217
225
203
187
214
232

5 204
236
209
204
215
202

6 235
204
208
1956
192
194

7 214
223
202
216
202
202

Day 2
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bid Gm

-- 196
- 199
-- 181
- 223
- 201
- 218
CcC 204
CC 200
CC 214
cc 187
cc 177
CC 189
cC 220
CC 221
cC 213
CcC 219
CcC 223
cC 217
- 211
-- 219
- 185
- 183
.- 206
- 226
CGC 20

CC 226
cC 202
cC 203
CC 210
CcC 198
-- 231
-- 204
- 221
- 188
- 191
- 196
CcC 211
cC 223
cc 200
CcC 222
cc 196
CC 202

S

Data Sheet
OCEG bid Gm O
4 3 2 = == 124 3
4 3 2 = == 202 3
4 4] = == 179 3
4 3 2 = == 221 3
4 3 2 = == 196 3
4 3 2 «» == 211 3

CcC 206

CcC 202

cC 215

cC 183

CC 171

cC 181
4 42~ (CC 27 3
34 2 -~ (CC 222 1
3 42 - C(CC 213 1
342~ CC 221 2
4 4 2 - CC 226 4
4 32 - (CC 211 3
41 =« = == 211 3
411 « == 72203
382 @« @« == 193 3
33 = = == 176 3
4 1 ] =« == 195 2
4 3] =« == 204 3
33 3 - CC 201 3
321 - CC 223 3
32 - - (C 203 3
32 - - (CC 203 3
311~ CC 214 2
322 = CC 199 2

CC

CC

CC

CC

CC

cC

4

(CEGRIVE N NV e

DDV UWUWW GHOUHFDND Guoobd®
WHEHEITNDNY i1 DO NHEHEEFI

OHHFDND W

L4y

G2

RN I I A | 11 HPOH

185
195
175
220
190
206

208
202
210
176
164
174

214
221
216
218
224
205

212
215
193
184
199
217

198
220
198
208
211
205



Gm O CEG

215
200
210
148
154
151

Gm O CE G

220
- 205
220
161
154
157
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Data Sheet

Gm O CEG

214
2056
219
167
156
164

Grp O CEG

N0

0
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cell

OO
0 OO
QAN

213

t 1
OOAANN
MO0
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6

Day 5(Cont)
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0, oedema, C, colour change, E, exudate and slough,
G, gangrene, C, ascorbic acid injection, F, freezing
injury, -, means not present or not administered.

Summary Sheet

Following the Data Sheets is a Summary Sheet
which gi%es the average weight for each group each
day, and under I, or Injury Index, gives the total for
the injury changes océurring'for that group that day.
As described before, this concept of an Injury Index
is just an arbifrary number obtained by adding all the
patholeogical changes apparent together for each group
each day. Since no animals expired there was no
extrapolating requlred.

Graphs

The values on the Summary Sheet are plotted
directly‘onte two simple line graphs, the first fof
the day te day Injury Index changes, and the second
for the correspénding weight changes. These are
done in colours for easier reading (the same coelours
are used throughout 8ll gross graphé), but each line
is otherwise clearly labelled by the nature of the
injury and treatment rather than by group numbers.

In the case of the weight graph, two shorter lines
ére included feor Groups 6 and 7. It has,because of
crowding,been necessary to indicate Group numbers

on a few of the crossing lines.



Grp Gm
1l 196
201

206
200

196

S N e I <~ R A

199
Day =5

Grp Gm

201
193
218
200

(S

207

Day 4

213

I
47

198
203
217
206
202
197
203
-4

201
206
221
208
206
196
204

Gan I

48

153
59

195 54
189

216 60
203 44
207 40
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Summary Sheet

Gm

201
208
225
210
207
200
209

-2

197
188
213
209
211

1
71

76
40
38

Gm Gm
203 203
210 203
2256 225 -
212 215
208 208
201 202
206 205
-1 1
Gm I
197 83
186
210 89
206 46
210 43

Gn I

204 52

201
227 54
213 41
212 41
205

-210

Gn I
195 79

180 B&’

210 86

204 44
209 42

G

203
195
217
207

207

205

209

1
54
56

36
37
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Condition of the Animals

The ascorbic acid injections as performed with
the dosage used'caused a skin slough at the site of
injection, The skin over the deposit of the drug
would turn black within twenty-four te thirty-six
hours, and by the second day a circular pisce of skin
and fur would drop out, leaving & clean circular defect.
This must be attributable to a strictly local effect,
with no generalized reactions. Except for thé pain
of the Injection material, the animsals seemed other-
wise unaffected by the drug. There is noe clear-cut
tendency toward weight changes apparent from the
graphs that would indicate a genersl adverse effect.
The control group, Group 2, receiving only ascorbie
acid injections deoes show a marked weight loss that
could be attributed enly to the injectioens.

RBiscussion of Observatlons

Ascorbic acid as administered caused little
influence on the course of the lesions after the
standard celd injury as performed. In the case of
slow thawing groups, the ascorbic acid line 1s at
all times slightly higher than the contrelfris alse
quite barallel»to it except on Day 8 when there is-
diversion., It is doubtful if this difference is

significant. In the case of the rapid thaw groups
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the lines cross, but generally remain close together,
So little effect did the ascorbic acid have clinicsally
that it was decided useless to perform the microscoepic
experiments, and as mentioned the animsals of Groups
6 and 7 were destroyed on Day 3.

The Injury graph gives a dramatic demenstrat-
ion of the value of rapid thawing in water at 4260.
as contrasted with thawing at room temperature. The
control graphé are not quite typical of what usually
happend. This would indlcate a slightly meore severe

freezing ihjury than 1s usually performed.

Histamine

Bxperimental Observations with Histamine

The purpose of the experlment here described
was to test the effects of a standérd cold injury as
influenced by parenteral injections of histamine at
a dosage level of 10 mg. per kilogram body weight
administered subcutanecusly at three hour intervals
beginning immediately prier to the freezing injury
and continuing for forty-eight hours afterwards. In
view of the fact an effective dosage of histamine was
unknown, this experiment was in the nature of a trisal

run, and accordingly, because animals were scarce,
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a varied collection of rats were used, with almest no
selection possible. There were three groups of sgix
animals, each group containing an adult normal male
Wistar, two normal adult male Hoodeds, and three normal
adult nonpregnant female Hoodeds. Although each
group was a mixture of breeds, each group was fairly
similer to each other. The groups were designed as
follows:

Group: 2. A control group to receive only the

histamine injections as outlined.

4, A control group also te receive a
freezing injury of twenty seconds
“duration with rapid thawing in water
at 42°c.

5. A test group to receive both the
histamine injections as outlined,
and a freezing injury of twenty
seconds duration with rapid thawing
in water at 42°C.

These groups have the same numbering as similar groups
througheut all the gress experiments. Daily weights
were taken after each animal was characﬁeristically
marked on the ear, and recorded on the Data Sheets.

On Day 1, the day of the freezing, the animals of
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Groups 2 and 5 received their initial subcutaneous
injection of histamine, and an hour and a half later,
at half past ten o'clock, thesanimals of Groups 4 and
5 were anaesthetized with 0.1 cc. of 0.6% nembutal
solution administered subcutaneously. When anaesth-
etized, one hind leg of each animal in these groups
was dipped in a beaker of ether throﬁgh which carbon
dioxide gas was bubbling te bring the temperature
down to -20°C. The foot was immersed up to the hock
(just below the fur line), and as soon as the skin blanQ
éhed, indicating the foot was completely frozen, the
time was counted so that the leg was immersed and
frozen for exactly twenty seconds by stop watch. The
animals were then treated by rapid thawing, whereby
the frozen feet were immersed immediately at the ex-
piry of the twenty seconds inte water maintained at

- exactly 42°C. The feet were left in the warm water
for approximately one minute, until thoroughly'thawed
and warm., Then the animals were returnea‘to their
cages, and were left quietly alone (except for the
three hourly injections of Eﬁstamine) until they wakened
from the effects of the nembutal. Observations were
made as recorded on the Data Sheets, by the method

described above for estimating the degree of frostbite



296

injury under the categories of oedemg, colour change,
exudate and slough, and gangrene.

Data Sheets

These tables are falrly self-explanatery,
being simple tallies by animals 1n groups, and by
days, Day 1 being the day of freezing. They are
necessarily as compact as possible. Days 1 and 2
include a record of the three hourly injections. The
symbols used are: Grp, group, Gm, grams, qdh, e#ery
three hours, 0, oedema, C, colour change, E, exudate
and slough, G, gangrene, W, Wistar, H, Hooded,
m, male, [, female, H, histamine injectien, -, means
not present or not administered, ©F, freezing injury.
All surviving animals were disposed of on Day 8 with
chloroform fumes.,

Summary Shest

Followling the Data Sheets is a Summary Sheet
which giﬁes the averagé weight for each group each
day, and under I, or Injury Index, gives the total feor
the injury changes océurring.for that group that day.
As described before, this concept of an Injury Index is
just an arbitrary number obtained by adding all the
pathological changes tegether for each group éach day.

Noete that several values had te be obtalned by extrap-
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Data Sheet

Grp Gm O C E G Gm O CEG Gm O CEG

2 239 242 2495
233 - 237 240
239 244 244
197 195 200
151 150 150
172 175 180

4 206 21 2 = 203 2 2 3 = 266 2 2 2 -
222 2 2 3 - 221 2 2 3 =~ 222 2 2 3 =
2081 2 2 - 207 1 2 3 - 2151 2 1 -
167 23 2 - 1632 3 2 = 167 2 3 2 -
1537 2 3 2 - 189 2 2 - ~ 161 3 2 3 -
160 3 3 & = 165 3 3 3 = 167 3 3 3 =

5 186 2 3 - - 187 2 31 - 187 2 3 2 -
(Dead)
181 2 2 2 - 188 2 3 1 - 193 2 3 2 -
163 2 3 2 6 187 2 3 3 6 152 2 3 2 7
157 3 2 2 - 147 3 3 3 = 134 2 3 3 -
144 2 2 2 - 141 2 3 3 -  (Died)

Day 6 7 8

Summary Sheet

Grp Gm Gm Gm Gm Gm I Ga I Gm I
2 197 192 201 201 198 197 201

4 182 183 175 187 182 43 184 43 187 36
5 156 156 160 156 157 40 154 37 158 43
Day -4 =3 -1 1 2 3 4
GrpGm I Gm I Gm I Gm I

2 205 205 207 210

4 186 36 187 40 186 40 200 41

5 160 46 164 44 164 52 161 54
Day b 6 7 8
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olation in erder te make up for‘the animals that

expired. There is, of course, ne Injury Index fer
Group 2.
Graphs:

The valﬁes on the Summarj Sheet are plotted
directly on the simple line graph. The upper part
of the graph deals with the weight changes from day
to day, and there is for this part three lines. The
lower part contains the Injury Index changes. These
are dene in colours fer éasier reading, but each line
is otherwlse clearly labelled by the nature of the
injury and treatment rather than by groeup numbers.
The same colours and scale hold for all gross graphs.

Condition of the Animals

Two of the female Hooeded rats of Group S5 were
puny and did not survive the full course of the exper-
iment. Several of the other animals appeared sickly,
but this was considered quite truthfully to be the
fault of the animals themselves, rather than caused by
the demands of the experiment.,

Discussion ef Observations

As just mentioned the animals used were rather
a scrubby let. They did so poorly generally that it
would not be significant to derive any positive cenclus=-

ions from them. However, it will be noted that the
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Injury Index line for histamine (solid green) is
higher than fer the control. It may not be possible
to state the histamine influenced the course of the
frostbite lesions adversely, but it is quite true
that there was no beneficial effect.

As mentioned at fhe start, this experiment
was in the nature of a trial run. It obviously needed

repeating with a more suitable group of animals.

Histamine

Experimental Observations with Histamine (repeat)

The purpose of the experiment here outlined
was te répeat the effects of a standard cold injury as
influenced by parenteral injections of histamine at
a higher dpssge level of 50 mg; per kilogram body
weight administered subcutaneously at three hour
intervals beginning immediately prior to the freezing
injury and continuing for forty-eight hours afterwards.
Elghteen normal adult maleWistar rats were selected
and they were divided into three groups of six animals
designed as follows:

Group: 2. A contrel group to‘receive only the
histeamine injections as outlined.

4. A control group alse to receive a
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freezing injury of twenty seconds

duration with rapid thawing in water

at 42°c.

5. A test group to receive both the

histamine injections as outlined,

and a freezing injury of twenty

seconds duration with rapid thawing

in water at 42°C.
These groups have the same numbering as similar groups
throughout all the gress experiments. Each animal was
marked characteristically on the ear, and initial
weights were recorded as on the Data Sheet. The animals
of Groups 2 and 5 received their initial subcutaneous
injection of histamine, and an hour and a half later,
at half past nine o'clock in the evening, the animals
of Groups 4 and 5 were snaesthetized with 0.1 cc of
0.6% nembutal solution administered intraperitoneally.
When anaesthetized, one hind leg of each animal in
these groups was dipped in a beaker of ether through
which carben dioxide gas was bubbling to bring the
temperature down te -20°C. The foot was immersed up te
the hock (just below the fur line), and as soon as the

skin blanéhed, indicating the foot was completely frozen
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the time was counted so that the leg was immersed and
frozen for exactly twenty seconds by stop watch. The
animals were then treated by rapid thawing, whereby
the frozen feet were lmmersed immediately at the eXx-
piry of the twenty seconds into water maintained at
exactly 42%¢. The feet were left in the warm water
for approximately one minute, until thoroughly thawed
and warm., Then the animals were returned to their
cages, and were left quietly alone (except for the
three hourly injections of histemine) until they wakened
from the effects of the nembutal. 6bservatiqn$ were
made as recorded on the Data Sheet, by the-method
described above for estimating the degree of frostbite
injury under the categories of oedema, colour change,
exudate and slough, and gangrene.,

Data Sheets

These tables are fairly self explanatory,
being simple tallies by animals in groups, and by
days, Day 1 being the day of freeaing. They are nec-
essariiy as compact as possible. Days 1, 2, and 3
include a record of the three hourly injections. The
sfmbols used are: Grp, group, Gm, grams, g3h, every
three hours, O, oedéma, C, colour change, E, exudate

and slough, G, gangrene, H, histamine injection,
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-, means not present or not administered, F, freezing
injury. All animals were disposed of on Day 6 with
chloroform fumes.

Summary Sheet

Following the Data Sheet is a Summary Sheet
which gives the average weight for each group eaéﬂfr
dey, and under I, or Injury Index, gives the total for
the injury changes occurring for that grapp that day.
As described before, this concept of an Injury Index is
just an arbitrary number obtained by adding all the
pathological changes together fof each group each day.
In as much as no animals died, no extrapolation was
fequired to completé the groups for six animals,
Graphs

The values on the Summary Sheet are plotted
directly.on the simple line graph. The upper part
of the graph deals with the weight changes from day
to day, and there is for this part three lines. The
lower part contains the Injury Index changes. These
are drawn 1n colours forAeasier reading, but each line
is otherwise cleafly labelled by the nature of the
injury and treatment rather than by greoup numbers.

The same colours and scale hold for all gress graphs.
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Summary Sheet

Grp Gm Gm I Gm I Gn I Gm I Gmn I

2 243 238 230 238 242 243

4 252 248 37 241 32 244 29 243 26 243 22
5 224 223 38 214 37 217 39 212 43 219 43
Day 1 2 3 4 5] 6

Condition of the Animals

The present selection of rats, beilng a more
mature gfoup than the animals used in the last experi-
ment survived excellently, aﬁd were in no way adversely
affected by the histamine injections.

Discussion of QObservations

In view of the fact a further experiment with
histamine with a better group of animals continued to
give diverging Injﬁry Index graph lines, with the line
for the histamine on top, all adds significance to the
contention that histamine, as adminlistered,adversely
influences the course of frostblite leslons as produced

in this experiment.
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VII Significance of Data

There is no intention of analyzing statistic-
ally in this section of the thesis all of the data ob-
tained so far. Such would be a tremendous task, quite
beyond the capabilities of the writer, and certainly
not justified because of the very subjective nature of
the observations, especially of the microscopic part.
However, conclusions have been made from the data which
do not have obvious justification, and it is propoesed to
study a few selections of the data to determine whether
or not the¢yare significant. In this way the remainder of

the data may be related to the analyzed material.

Threshold Epinephrine Response

| The main purpose behind the preliminary micro-
scopic experiments in Part III was to provide a standard
for microscopic observation of the mesoappendix vascul-
ature that could be related to all subsequent observations.
Accordingly, the data obtained must be considered and the
Standard Error (S.E.) calculated.

On page .49 we have o summary of data which is here
recorded, to the nearest millionths dilution. X refers
to each individual number, X is the mean, 2, the sum,
,E}x.the deviation of each number from the mean, (§¥x)2 the

square of this deviation.
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- - 2

Data X X-X (x-x)
5 4 «16

4 .6 « 36

5 .4 016

5 .4 .16

5 4 .16

4 .6 « 36

4 .6 .56

5 4 .16

¥ 4.8 ¥ 1.88

S.E. = /;E__(.:.i_-_f) = ,183
n(n-1)

This being less thanv2.0.suggests a very close relation-
éhip between the values, and the fact that twice the
Standard Error is only .366, also far less than 2.0 in-
dicates such a relationship eveh more strongly.

Purther along, in the same section, at pages
sixty and sixty-one we have a comparison of the threshold
epinephrine response between ndrmal controls and animals
made hypertensive with compound F. Here we have two

sets of figures recorded to the nearest millionths of

dilution: .
Control 5% Test 18
B ) 18
5 18
7 18
4 20
10
5

The difference between these sets 1is highly
significént because there is absolutely no overlap of any

of the numbers, and if none of the data overlap, the values



510

for twice the asignificant error on oither side of the

mean for both groups could not possibly overlap elther,

Procaine Microscopically

In the mioresa@pic:éxp@viménts using topical
procaine, the first dote oﬁﬁained ﬁrovides two sets
of figures, ss copled balow from»page-VOg the numbers

indicating the time in seconds for the onset ol vasculer

gtasige
x Fex (§;x)£
Control 48 4 £401
210 116 13456
30 64 4096
00 - 4 16
S 35 5 1096
¥ 94 S.E. ® 40.8
Tast 20 152 28104
210 38 144d
90 8g §724
20 ag 6724
1450 278 77284
Y  aeo $ 116280
X 172 8.8, = 75.9

These Btandard Errors are exceedingly lerge, and the spread
en sither side of the ﬁaan for the control group would be
from 53.2 to 130,8, and for the test group from 96,1 te
247,9 There is toe much overlep for there to be any

roal significant difference between the two éroupa of

data, and sny significance is only slightly possibles

However, we find more lavourable deta for procaine
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parenterally. The summary table on pages 82 and 83 gives

the following figures, also for time for onset of stasis in

seconds:
x X-x (X-x)%
Control 45 10 100
30 5 25
45 .10 100
30 5 25
30 5 285
30 5 25
¥ 210 T 300
X~ 35 | S.E. = 3.16
Test 60 10 100
30 40 400
180 110 12100
60 10 100
40 30 900
50 20 400
3 420 Y 14000
X 70 S.E., = 21.6

The spread of the Standard Error asbout the mean for the
control group is 31.84 to 58.16; and for the test group

it is from 48.4 to 91.6. It will be noted that there is
no overlapping in these two ranges, which suggests a
probable significant difference between the two groups.
However, the same spread using twice the Standard Error is
for the control groups from 28.68 to 41.32 and for the test
groub it is from 26.8 to 113.2. Here we notice the range
for the test values -embraces the spread for the controls.
This greatly reduces the chances of the difference being
éignificant, although a definite difference is still

possible.
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The data thus far examined indicates the trehd

in the experiments lnvolving the microscople observation.

Time and Rate of Thawing

Concerning the gross experiments, we have first
the time and rate of thawing data to consider, The
- graphs and the summary sheet are but two expressions of
the same summarized data (see pages 209 and 210). What
- has to Be determined is whether any two graphs are sig-
nificantly different from each other. To settle this
we must first establish whether any two points on the
. graph lines in question on the same day are significantly
different.

On Day 2; the Injury Index value for Group 3 was
39 and for Group 6 it was 48 (page 209). These are two
points relating the influence of the rate of thaw in a
freezing injury of sixty seconds (broken blue lines).
The data sheet for Day 2 (page 206) relative to the animals
of these groups givés us,‘by sunming the injury values for

each animals in turn the following data:

x X=X ('i'-x)2
Group 3 7 O " +25
6 5 «25
7 .- .25
7 ) « 25
6 O <25
6 S «25
2 39 > 1.50
X
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X X-X (Elx)z
Group 6 9 1 1
9 1 1
9 1 1
8 0 0
8 0 0]
5 3 9
> a8 S 12
x 8 S.E. = .63

The spread for twice the Standard Error about the mean
gives a range for Group 3 of from 5.8 to 7.2 and for
Group é of from 7.37 to 8.65. The fact that there 1s

no overlap of even twice the Standard Error is very
strongly suggestive that there is a significant difference
between the two groups. S uch a conclusion would apply
to all the data of this experiment provid;d wWe compare
only the lines of the same colour or only solid or dotted
lines. Comparing a solid line of one colour with a
dotted line of another colour would lead to meaningless
comparisons. For instance, a compariSon of the five
second freeze graph with slow thaw against the twenty
second freeze gréph with fast thaw (blue broken and red
solid lines on page 210) would invoive two variables;

duration of freezing and rate of thaw.

Rutin
As a further example of significant data, the
graphg for rutin will be considered. On the Data Sheet,

page 274, 1t will be seen that no animals died. The data
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for Groups 1 and 3 on Day 6 gives two sets of injury

values by animals as below:

x X-X (E¥x)2
Group 1 6 0 -0
7 1 1
9 3 9
6 0 0
6 0 0
3 3 9
> 37 2 19
X 6 S.E. = .8
Group 3 5 .5 .25
10 5.5 30.25
3 1.5 2,25
3 1.5 2.25
3 1.5 2.25
3 1.5 2.25
I et S 39.50
i— 4.5 S.E- : 102

The spread about the mean for Group 1 given by the Stand-
ard error gives a range of from 5.2 to 6.8 and for Group

3 the corresponding range would be from 3.3 to 5.7. Here
there is some overlap which does reduce the significance
of the difference considerably, but still a difference in
the behaviour of the two groups on the particular day in
question is likely. Only one aspect of the complete graph
has been examined, and this aspect was the nost unlikely
appearing coﬁparison, taken on Day 6 when the graph lines
in question were fairly close together. On Day 4 the
‘game two graphs are furthest apart. Taking the data

from page 274 for these two gfeups, Groups 1 and 3 on Day

4 we have again injury totals by animals as follows:



x X-X (ELx)z
Group 1 10 1 1
°] 0 0
10 1 1
9 0 0
9 0 0
6 3 3
by 53 Y 1
x 9 S.E. = .6
Group 3 8 1 1
9 2 4
7 0 0
6 1 1
5 2 4
6 1 1
2 4 T 11
;{- 7 SOE. : ‘6

Here the spread on either side of the mean given by the
Standard Error gives for Group 1 a range of 8.4 to 9.6

and for Group 3 a range of from 6.4 to 7.6. Here we

see no overlap which indicates a significant difference
although examination of the same spread provided through
the more exacting standard of using twice the Standard
Error gives a range for Group 1 of 7.8 to 10.2 and for
Group 3 of from 5.8 to 8.2. This reduces the probability
of the difference being significant, but does not necess-
arily cancel out the significance. Hence, incorporating
both these analyse$ into the graphs for slow thaw frostbite
lesions permits us to say it ié likely but not entirely
probable that rutin results in a significantly less severe

course over the time interval studied,
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Ascorbic Acid

Then, at the other extreme, as in the case with
ascorbic acie, we have to consider whether the corresp-
onding graphs are similar or not. The dotted lines
on page 290, as are the solid lines, are running quite
parallel to each other. It is almost apparent, without
calculating standard error that the medication has not
made the slightes$t difference.on the course of the frostbite
lesions. However, the other comparison is made even
more significant, that rapid thawing results in an obviously

decreased severity in the course of frostbite lesions.

Conclusion

This brief examination of the data as has been
done wili serve to strengthen the validity of the conclus-
ions arrived at in the final section of this thesis. Al_l
the data certainly could not have been analyzed, nor could
the more elaborate statistical methods dealing with the
degree of probability be applied. At best we can only

speak with rough generalities,
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VIII Conclusions Reached

This investigation was an indirect attempt to
determine whether a specific selection of ten medic-
ations would or would not influence favourably the
‘vascular responses in the frozen extremities of the rat.
An indirect approach was considered necessary because
it was not considered practical to observe the vessels
in the extremities. A_s has been outlined at the
beginning, the vascular bed of the'mqsoappendix was
selected as the site for the microscopicistudies. Any
observations made at the mesoappendix portion of the
vascular system had to be compared with thg gross effects
at the éite of original interest, the extremities.

This whole investigation was at all times a most
interesting one to be working on. Much experience was
gained in the microscopic examination of vascular react-
ions. Fach of the preparations studied required at
least half an hour.  Such experience certainly provided
a - different concept of the vascular system than had been
entertained previously by the writer.

The threshold epinephrine response test of Zwei-
fach Was'duplicated with some high degree of reliability;

which was very grafifying in view of the fact such work
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was the writer's first experience with microtechnique

of this nature, and also the vasotropic effect of
compound F was corroborated with Warner's findings, which
was a source of keen satisfaction to us bdth.

As far as the influence that the various medic-
ations had on the vascular system of the mesoappendix
after localized freezing was concerned, it is firstly
impertant to remember that all the drugs tested were ex-
pected to have some influence. Such influence as was
noted was observed according to very highly subjective
impressions. These lmpressions could not be proven to
be statistically significant. All the microscopilc
experiments resulted in the same conclusion; any differences
noted in behavior of the circulation due to treatment by
one of the ten drug agents were of doubtful significance.
Because of this it was decided that the technique as emp-
loyed for observing the effect of localized cold ingury
on the vascular bed of the mesoappendix was a very poor
tool for investigating cold injury.

In regard to the gross experiments more definite
findings'were found:

1., AS expected, the rate of thawing a frozen
extremity was a gsignificant factor in determining the
degree of injury that freezing would produce. Warm
thawing in water at 42°C. was the method of rapid thawing

selected,
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2. The duration of the frozen state also bore
a direct relationship to the severity of the resulting
lesions, up to a maximum, of course, of total gangrene
and subsequent amputation by the animal.
3. Procaine was founq to be very toxic in the
dosage level administered, and on a repeat experiment it
was found to provide no significant benefit.
4., Priscoline provided no significant benefit
grossly.
5. Benadryl provided no significant benefit.
It was suggestéd but not proved that Benadryl might actually
have a detrimental effect on the course of frostbite
lesions, |
6. Etamon and Hyderginé provided no significant
beriefit. |
7. Apresoline provided some possibly significant
benefit, but Chlor-Tripoion as administered made the course
of the frostbite injury significantly more severe.
8. Rutin has been considered already on page
313, and it was felt that rutin had a probably significant
benefit on the course of the frostbite lesions.
9. Ascorbic acid as administered had absolutely
no influence whatever on the course of the frostbite inju ry.
10. Histamine was found to have a probably signif-
icant harmful effect.
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The attempt to follow the course of a frostbite
injury on o time basis was made throughout all the gross.
experiments, and it was found quite practical to present
the day by day changes on a simple line graph. However
to accomplish this on: a numerical basis, the arbitrary
concept of an Injury Index was introduced. The actual
determination of an all inclusive Index evaluation pre-
sented some difficulties, but a werkable solution was
found and this was employed throughoéut all the gross ex-
periments.

By way of apparatus, the equipment for the micro-
scoplc examination of the rat mesoappendix was constructed
according to Zweifach's directions, and the cold point
for controlled hypothérmia of Hass and Taylor was made.

This equipment was found to work quite satisfactorily.

Summary of Conclusions

1. Usefulness of the threshold epinephrine
response test for vasotropic substances was confirmed.

2. The vasculature of the rat mesoapﬁendix
was observed in respect to its reactions to a standard
locelized freezing injury. Procaine, Priscoline, Benadryl,
Etamon, Hydergine, Apresoline, Chlor-Tripolon, Rutin,
Ascorbic acid, and Histamine failed to influence these
- reactions significantly,

3. A dynamic graphical method was described
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for recording gross frostblte lesions grossly, and the
arbitrary concept of an Injury Index was introduced.
| 4, Procailne, Priscoline, Benadryl, Etamon,
Hydergine, and Ascorbic acid were found to have noe sig-
nificant effect on the course of frostbite lesions grossly.
5., Chlor-Tripolon and Histamine probably had
a signiflicant adverse effect.
6. Apresoline, and especially Rutin probably
had a beneficial effect.
7. The value of rapid thawing in water at 42°C.

was consistantiy confirmed.
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APPENDIX

Equipment for Hass and Taylor's Cold Point Apparatus

1. Cylinder of carbon dioxide gas at 1,000
pounds pressure.

2. Preezing asttachment for Spencer carbon di-
oxide microtome, complete with copper tube connection.
Scientific Supplies Co., Ltd., Cat. No, 50, p.630, Item
No. 38756,

5. Hypodermic needles as in Becton,Dickinson and
Company (B.-D.) Cataloque for May, 1951.

" Item LNR 19 G 3" page 26.

Item LNRS 15 G 13" page £6.
4, Connectors: N
Luer-Lok hose end connector, H/468L, Page 33

Adams‘Luer-Lok connector with éide arm
adapter, 429A, page 36.

5. Labour required;
(1)‘Attaqh H/468L to freezing attachment
(2) Solder 429A at proper site on shaft of
No.1l9 needle.

Chemicals Used

Water, ordinary laboratory single distilled from
city supply (chlorinated), sodium chloride, potassium

chloride, caleium chloride, sodium bicarbonate, sodium
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dihydrogen phosphate, glucose, ash-free gelatin, all as
ordinary C.P. laboratory reagents as available without
special ordering.

Procaine hydrochloride, Winthrop-Stearns, as

Novocain powder in five gram bottles.

Priscoline, Ciba Company Limited brand of 2-

benzyl-imidazoline hydrochloride (benzazoline) available
in rubber capped vials of 10 cc., each cc. containing
25 mg.

Benadryl hydrochloride, Parke, Davis and Co. Ltd.

brand of diphenhydramine hydrochloride available in 10 cc.
Steri-vials each cc. containing 10 mg.

Etamon Chloride, Parke, Davis and Co., Ltd. brand

of tetraethylammonium chloride available in 20 cc. Steri-
vials with 100 mg. per cc.

Hydergine, Sandoz (Canada) Ltd. brand of equal
proportions each of dihydroérgocorhihe, dihydroergocris=-
tine, and dihydroergokryptine, availablé in 1 cc. smpoules

containing 0.3 mg. of the mixture,

Apresoline Hydrochloridej Ciba Company Ltd. brand

of l-hydrazinophthalazine hydrochloride, available in 1 cc.
ampoules containing 20 mg. in boxes of 5 ampoules.

Chlor-Tripolon, Schering Corporation Limited

brand of chlorprohpenpyridamine maleate, obtained as the

pure powder,
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Rutin, Parke, Davis and Co, Ltd., obtalned as
50 mg. compressed tablets in bottle of 500.

Ascorbic scid and Histamine phosphate obtained

in 1 gram vials from British Drug Houses.

Hydrocortone, Merck and Co. Ltd. brand of

hydrocortisone acetate (compound F) available as the
saline suspension in sterile rubber-capped vials cont-
aining 25 mg. per cc.

Epinephrine, Conneught Medical Research Lab-

oratories 1:1000 solution of epinephrine hydrochloride,

available in 30 cc. sterile rubber-capped vials.
Nembutal, Abbott Laboratories Limited, Item

No. 8612. 100 cc. rubber diaphragm capped vial for

veterinary use containing 60 mg. per cc.

Ringer-Locke Solution

Sodium chloride 36 gms.,

Potassium chloride 1.68
Calcium chloride .96
Sodium bicarbonate .80
Water 4000 cc.
Gluccse 8 gms.
Gelatin 40

All solid ingredients except gelatin were weighed
out carefully and dissolved in the watser. The gelatin
was dissolved in a 1000 ce only, heated until completely
dissolved, then flltered under suction and added to the
rest of the solution. Usually the sodium bicarbonate

was notweighed out, but when the solution was mixed, a
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dropper full of methyl red indicator was added to the
completed solution, and then sodium bicarbonate was slowly

added until the first change to red.
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