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The animal extracts here dealt with are those of the suprarenal and
pituitary glands. The main object of this research was to endeavour to
determine their action on the vascular system of the different organs of
the body.

Methods Employed.

Previous observers have generally confined themselves to one method
of experimentation, either working with isolated vessels, or perfusing the
organ. Both methods have been employed in this work.

Either a transverse strip or a complete tube—longitudinal cylinder—is
cut from the vessel. Transverse strips show changes in diameter of the
vessel, but with a complete tube the changes in length which are registered
are not quite so easily explained. When an isolated piece of artery con¬
tracts in its transverse diameter, it increases in length; therefore, the
movements of the lever attached to a complete tube of the vessel are
opposite to those from a transverse strip. In the former the lever falls; in
the latter it rises during contraction of the circular fibres. During relaxa¬
tion of these, with a complete tube, the lever rises, with a transverse strip it
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falls; but this is only in the absence of longitudinal muscle fibres. In
certain cases, however, longitudinal muscle fibres are found, on microscopic
examination, in the walls of the vessels. In these cases, with a complete
tube, shortening of the tube and rise of the lever will be caused by con¬
traction of this longitudinal muscle, and not necessarily by relaxation of
the transverse muscle.

By using such longitudinal tubular pieces of the vessel, smaller vessels
can be taken than if transverse portions only are used. In any case, the
arterioles, the most important factor of the vascular system, are excluded
in this method.

Procedure employed for isolated vessels.—The selected portion
of vessel was placed in a glass cylinder closed at the bottom and contain¬
ing Ringer's fluid. To one end of the piece was attached a hook, fixed
to the bottom of the cylinder; the other end was connected, by means of
a thread, with a lever. The movements of this lever were recorded on a

drum moved by hand.
A glass tube led from either side of the glass cylinder, for the inflow

and outflow of the solutions investigated. The tube for the inflow was
connected with two Mariotte bottles, one containing Ringer's fluid and the
other the extract of gland, also made with Ringer. By means of a glass
3-way stop-cock the contents of either bottle could be passed into the
cylinder; thus without altering any conditions of the apparatus, a gland
extract could be made to replace the Ringer solution and vice versa.
Oxygen was bubbled through the fluid surrounding the blood-vessel.

The glass cylinder and the Mariotte bottles with their connections were
placed in a warm bath, the temperature of which was kept at about 37° C.

Procedure employed for perfusion. — The perfusion apparatus
consisted of a reservoir of Ringer's solution. This solution was allowed to
flow, as in Langendorff s apparatus, through a spiral glass tube surrounded
by a warm bath. The spiral communicated with the artery of the organ
by means of a rubber tube and a cannula. Another warm chamber sur¬
rounded the organ, and the temperature was kept at about 37° C.

The fluid escaping from the vein flowed into an apparatus—Schafer's
tilter—which works by a see-saw action, each 6'2 c.c. of fluid being
registered by transmission and recording tambours.

The extract was injected, by means of a syringe, into the Ringer's solution
before it passed into the spiral. It thus took a short time to reach the
organ, and was diluted to a definite and known extent by the Ringer's fluid,
into which it was injected. In calculating the strength of the extract
passing through the organ, this factor has been taken into consideration.

It is an advantage to have a clear interval between the injection and
the time when the extract reaches the organ. In this way any fallacies,
due to the movement of the apparatus or slight increase of pressure during
the injection, are registered before the extract reaches the organ. The
exact length of this interval was, in my apparatus, the time taken for
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37 c.c. to flow through the organ; 37 c.c. being the capacity of the
apparatus between the syringe and the organ.

Ringer's fluid was of course perfusing through the vessels during the
whole time of the experiment. Only small quantities of the extract were
injected into the Ringer, and, after passing through the vessels, the extract
was immediately washed away by the pure Ringer which was flowing
behind it. Thus the time of passage of the extract through the vessels of
the organ was limited to a very short period.

A pressure of from 70-80 mm. Hg was maintained in the artery.
In all the experiments, the vessel or organ was obtained from the

animal soon after death; in most cases immediately after. If not used at
once, the tissue was kept in oxygenated Ringer's fluid at 37° C.

The cat, dog, rabbit, and sheep furnished the organs for perfusion.
The preparation of suprarenal extract used was Burroughs Wellcome

and Co.'s " soloid " hemisine, which, besides the active principle of supra¬
renal medulla, appears to contain a certain proportion of lactose.

Pituitary glands were obtained fresh from the same firm. The posterior
lobes were dissected away from the anterior, then minced and dried
in an incubator at a temperature of 37-40° C. The dry residue was
powdered finely and stored in a stoppered bottle. When required for use,
a decoction was made by boiling the powder in Ringer's fluid slightly
acidulated with acetic acid; after filtering, the fluid was carefully neutral¬
ised. It is found, however, that the presence of proteid matter in the
decoction does not affect the results.

Two different solutions of Ringer's fluid were used, A and B.
Formula A. Formula B.

NaCl -9 per cent. NaCl "9 per cent.
KC1 *042 „ „ KC1 T „ ,,

CaCl2 '024 „ „ Calcium phosphate
NaHCOj -01 „ „ to saturation.

One difference between these two solutions lies in the amount of calcium
present. Dr Cramer was good enough to make a quantitative estimation
for me, with the following results:—

100 c.c. of A contains 0'0074 grm. Ca.
100 c.c. of B contains 0'0051 grm. Ca.
A therefore contains considerably more calcium than B. It also contains

rather less than half the amount of potassium.

Results Obtained,1

a. with the vessels of the limbs.

O. B. Meyer (1) used portions of the subclavian artery of the ox, when
studying the contraction produced by suprarenal extract. Oliver and

1 Details of the results are given in the Appendix in the form of tables.
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Schafer (2) found that the limbs shrink in size, due to the active
diminution in size of the arterioles, after injecting suprarenal extract
into the vein of a dog.

As a result of similar injection of pituitary extract, Oliver and Schafer
(3), and later Schafer and Magnus (4), showed that diminution in volume
of the limbs is obtained.

Effects upon Transverse Portions of Subclavian Artery.
(1) Action of Suprarenal Extract. — Portions of the subclavian

artery obtained from the sheep (twenty-one experiments) all gave contrac¬
tion with hemisine solutions.

The amount of this contraction has been calculated both by actual
measurement of the vessel before and after the experiment, and by deduc-

Fig. 1.—Effect of perfusing 2 c.c. hemisine (1 in 80,000) through the vessels of the hind limb of a.
cat. Constriction produced lasts twenty minutes.

Note.—The following explanation applies to all the tracings.
Top line. Record of effect of extract on the flow through the blood-vessels. Each interval represents 6*2 c.c.

of perfused fluid (Ringer).
Middle line. Time in half minutes.
Bottom line. Signal of injection of extract. The interval between the injection and the result is due to th&

fact that the extract whs injected into the Ringer some distance from the organ (see p. 2).

tions from the tracing. Other things being equal, the fresher the vessel
and the greater its relaxation, the stronger is the contraction. It must be
remembered that the vessel was not stretched by heavy weights previous
to the experiment. This accounts for the relatively small degree of con¬
traction in these experiments, since the portion of the vessel employed was
not in an extended state to begin with.

Hemisine has always given a contraction in my experiments, whether
the Ringer's fluid used for immersion was solution A or solution B.

(2) Action of Pituitary Extract.—In this case, if Ringer's solution
B had been used to make the extract used for immersion, contraction was
the result; on the other hand, Ringer's solution A gave relaxation, not con¬
traction. The lengthening was produced much more rapidly than was
the contraction.
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These results should be compared with those from the kidney vessels,
which have always relaxed in my experiments, solutions A and B acting
similarly to one another upon strips from the renal artery.
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If after full possible contraction has been produced by pituitary extract,
hemisine is passed into the vessel, further contraction is obtained. It may
be further noted that hemisine acts more rapidly than does pituitary.
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Effects of Perfusion of Vessels of the Limbs.

Twelve perfusions were done with cats' limbs. Both suprarenal and
pituitary extracts gave constriction immediately, but the effect of hemisine
passed off sooner than did that of pituitary. In the doses given in the
experiments illustrated in figs. 1 and 2, the effect of the hemisine (fig. 1)
lasted twenty minutes, and that of pituitary (fig. 2) one hour. Pituitary
has sometimes produced rhythmical effects, although on the whole the result
is constriction.

Both solution A and solution B were used in the perfusion experiments,
and the same result was obtained with each; thus differing from that
obtained with isolated strips. It should be pointed out in connection with
this that oxygen was freely used in the isolated method; whereas the fluid
used for perfusion was not specially oxygenated.

The strength of hemisine used varied from 1 in 10,000 to 1 in 100,000;
of pituitary from 2 per cent. ( = two glands in 100 c.c. Ringer's solution) to
18 per cent. For the most part a decoction was used equal to about 3 per
cent. These strong solutions of pituitary were employed, because in most
cases weaker solutions produced little or no effect. It was further evident
that the amount of constricting substance varies greatly in different specimens
of pituitary glands.

B. WITH THE PULMONARY VESSELS.

Meyer (1) observed a very clear contraction from suprarenal with
isolated strips from the ox. Langendorf f (7) found that, when this extract
does give a result, it produces contraction. In perfusing the lungs with
adrenalin, Brodie and Dixon (8) found that either no change occurs or
dilatation is produced. On the other hand, Plumier (9) obtained diminution
in flow from the pulmonary vessels under similar conditions. Wiggers
(10) agrees with Plumier in his results, but finds that large doses of
adrenalin are necessary.

Dale (5), working with isolated rings of the large branches (dogs and
goats), obtained contraction with pituitary extract. The same author, with
Dixon (5), in perfusing the lungs, found that this extract produces a
pronounced retardation of the outflow. De Bonis and Susanna (6), using
isolated vessels, showed a like result.

Effects on Isolated Portions of Pulmonary Vessels.
(1) Suprarenal.—Thirty-six experiments were performed with these

arteries. The result obtained with a transverse strip was always contraction.
With complete tubes the majority of cases gave a like result, i.e. transverse
contraction, shown by lengthening of the tube. In only four experiments
was a shortening in length of the tube observed. In all of these, on micro¬
scopical examination, some longitudinal muscle was found. The contraction
of this longitudinal muscle, and not relaxation of the transverse muscle,
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probably accounts for the shortening. These vessels were obtained from
the sheep.

The amount of contraction produced in this artery was greater than was
the case in the subclavian artery. Thus, with a transverse strip 20 mm. x
5 mm., it was '9 mm.,; whereas with a strip of similar length from the sub¬
clavian, the shortening was only "6 mm.

Two experiments were performed with the pulmonary artery of a rabbit,
the result in both being contraction.

Ten experiments with isolated portions of the pulmonary vein (sheep)
gave the following results:—Seven showed contraction, three no effect.
The contraction was small; one vessel, 20 mm. x 5 mm., contracting only
•14 mm.; another, 22 mm. x 5 mm., only '3 mm.

(2) Pituitary.—The same fact was observed as with the subclavian
artery, in the behaviour of the isolated artery towards the Ringer's

ppi
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Fig. 3.—Effect of perfusing 30 c.c. hemisine (1 in 120,000) through the pulmonary
vessels (cat). Very slight constriction was produced. Temp. 39 '5° C.

solutions A and B. Contraction was only obtained when B was used, e.g.
with solution B a strip 15 mm. x 7 mm. contracted to the extent of '75 mm.,
whilst with solution A a strip 17 mm. x 5 mm. relaxed to the extent
of "4 mm.

(3) Suprarenal and Pituitary Extracts alternately.—In the
following experiments pituitary extract and hemisine were used alternately.
A transverse strip 17 mm. x 5 mm. was first acted on in solution A by
pituitary extract (5 per cent.). This produced relaxation of -5 mm. Then
a solution of hemisine (1 in 50,000) was passed in to replace the pituitary,
and contraction of 2 3 mm. resulted, i.e. 1*8 mm., if measured from the
beginning of the experiment (This contraction was the largest obtained
in my experiments with isolated pulmonary vessels.)

In another experiment where solution B was used, a strip 21 mm. X
6 mm. contracted '2 mm. under the action of 3 per cent, pituitary extract;
a very strong extract of pituitary (18 per cent.) was then passed in, giving a
further contraction of '5 mm. Lastly, hemisine (1 in 50,000) was run into
the experimental cylinder and produced a still further contraction of "5 mm.
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Fig.4.—
Effectofperfusing15c.c.pituitaryextract(3*3percent.)throughthevesselsofthelungs(cat).inthiscasefortwohours.Temp.42°C.

Result,constrictionlasting
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Effects on Perfused Pulmonary Vessels.
(1) Suprarenal.—The lungs were taken from a cat or a rabbit, the

cannula being tied into the pulmonary artery. The pressure was kept at
a lower level than with the other organs. Most cases gave constriction
(fig. 3), but very slight when compared with that produced in the vessels
of other organs. In the remainder no effect was observed. Twelve experi¬
ments were performed.

Judging from the contraction produced in the isolated arteries, one
would have expected to find a more marked constriction from perfusion.

(2) Pituitary.—With perfused organs the result was always a marked
and prolonged constriction (fig. 4). Even in comparatively weak solutions,
pituitary extract has a more powerful action on the whole pulmonary
vascular area than hemisine, for very large doses of the latter gave only a
small diminution of rate of flow; although, judging from the comparative
action of hemisine and pituitary extract upon the isolated pulmonary strip,
one would have expected hemisine to produce a greater effect than pituitary.

C. WITH THE CORONARY VESSELS.

Schafer (11) found that adrenalin does not produce its characteristic
constrictor action upon the coronary arteries; it rather tends temporarily

Pig. 5.—Effect of perfusing 30 c.c. Jiemisine (1 in 120,000) through the left coronary
artery of a sheep's heart. Slight constriction resulted. Temp. 39 •5° C.

to increase the flow of blood owing to the increase in rate and force of the
heart beats. Elliott (12), perfusing a strip of the cat's ventricle, also
obtained an instant increase in the flow of solution and no constriction of
the vessels. With isolated vessels J. Pal (13), De Bonis and Susanna (6),
and Langendorff (7) obtained relaxation. On the other hand, Wiggers
(14) found that dilatation is never produced, but that adrenalin has the
effect of constricting the perfused coronary vessels.

Dale (5), perfusing the heart of a rabbit, J. Pal (13) and De Bonis
and Susanna (6), working with isolated vessels, obtained constriction of the
coronary vascular system, as the effect of pituitary extract
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Effects on Isolated Portions of Coronary Vessels.
(1) Suprarenal.—Thirty-three experiments were performed with

isolated portions of coronary artery from the sheep. A small majority
showed relaxation, but the results were irregular.

The result upon the vessels of the ox was always relaxation, e.g. a
transverse strip 10 mm. x 5 mm. relaxed '4 mm. under the action of hemisine
(1 in 40,000).
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(2) Pituitary.—In eighteen experiments on isolated portions of
coronary artery of the sheep and ox, the result was always contraction;
solution B was used.

Effects on Perfused Coronary Vessels.
(1) Suprarenal.—In twelve perfusions (sheep, dog, cat) the majority

gave no action with hemisine. The remainder gave slight constriction
(fig- 5) comparable to that obtained in the pulmonary vascular area. It
will he seen, therefore, that the results obtained from the isolated strips
and those from the whole perfused area are different.

The cannula in these experiments was tied into the left coronary artery,
and its area alone was perfused. The heart had in all cases ceased to heat
some time before the perfusion commenced; experiments were not attempted
until its action had stopped. In this way the effects of the extracts on
the heart muscle, and thus indirectly on the flow through the coronary
system, were eliminated.

(2) Pituitary.—All the perfusion experiments showed a characteristic
markedly prolonged constriction (fig. 6), but in one case a preliminary
dilatation, distinct though slight, was observed.

D. WITH THE RENAL VESSELS.

Working with isolated vessels of the ox, J. Pal (13) found that adrenalin
produces contraction. Schafer and Magnus (4), and later Schafer and
Herring (15), found that suprarenal extract, circulating with the blood,
constricts the renal vessels.

Schafer with Magnus (4), and afterwards with Herring (15), found
that pituitary extract, circulating with the blood/produces dilatation of the
renal vessels and increase of urine. Dale (5), perfusing the excised kidneys
of cats and dogs with pituitary extract, obtained a decided though small
constriction. J. Pal (13), with isolated strips of the renal artery of the ox,
found that pituitary contracts the proximal portion of the artery, but
relaxes the peripheral portion.

Effects on Isolated Portions of Renal Vessels.

(1) Suprarenal.—Thirteen experiments were performed upon transverse
strips from the sheep. In all contraction resulted. In two complete
tubes shortening occurred; they were found to contain longitudinal muscle,
which may account for the shortening in length of the vessels, if this muscle
partook of the contraction to which the circular fibres were subject.

Six experiments were tried with the renal artery of the ox. All were
made with branches of the artery, and all exhibited contraction with
hemisine.

(2) Pituitary.—This extract has always in my hands produced relaxa¬
tion in isolated portions of renal artery of the sheep and ox. All the vessels,
fourteen experiments, were portions of the larger branches of the renal artery.
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It is interesting to note that whether solution A or B were used,

relaxation was always obtained. The fact that the renal arterial strips
give constantly relaxation as compared with the behaviour of the subclavian,

H

Fig. 7.—Effect of perfusing 10 c.c. hemisine (1 in 80,000) through the kidney
vessels (sheep). Temp. 40° C. Note constriction.

pulmonary, and other vessels towards pituitary extract in the presence of
solutions A and B, appears to point to there being two active substances
in this extract.

Renal Vein.—Two strips of the renal vein gave contraction with
hemisine and relaxation with pituitary.

Fig. 8.—Effect of perfusing 30 c.c. pituitary extract (3'3 per cent.) through the
kidney vessels (sheep). Temp. 40" C. Note dilatation.

Effects on Perfused Renal Vessels.

(1) Suprarenal.—Fifteen kidneys (sheep, dog, and cat) were perfused;
their vessels were all strongly constricted with hemisine (fig. 7).

(2) Pituitary.—Seventeen perfusions of the kidney were performed
with pituitary extract. Ten gave increase of flow (fig. 8); five no effect;
the remaining two showed a slight diminution of flow, which lasted only a
short time, thus differing from the usual characteristic constriction of other
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vascular areas produced by this extract. In two of the cases in which
increased flow was the main result, a very slight preliminary diminution
was noted.

In some cases the vessels were already fully dilated by the perfusing
fluid, and apparently could not dilate further. Even in such cases, in which
a condition favourable for constriction was present, large doses of pituitary
had no effect, whilst a small dose of hemisine would produce a marked
diminution of flow (fig. 9).

(3) Mixtures of Suprarenal and Pituitary.—Five experiments were
tried with a mixture of hemisine and pituitary extract. These showed that

Fig. 9.—Effect of perfusing, first, 20 c.c. hemisine (1 in 160,000), and, second, 30 c.c. pituitary
extract (3'3 per cent.), through the kidney vessels (sheep). Temp. 40°C. The hemisine
produced constriction; when this had passed off the original very rapid rate of flow was
resumed. On this pituitary caused no effect, probably because the vessels were already as
fully dilated as possible.

pituitary lessens the constricting action of suprarenal, the diminution of
flow produced by the mixture being less than that produced on the
specimen by the same dose of hemisine alone.

E. WITH THE SPLENIC VESSELS.

Oliver and Schafer (2) and Schafer and Moore (16) showed that
suprarenal extract produces a very strong contraction of the spleen.

Schafer and Magnus (4) obtained a diminution in volume of the
spleen with pituitary extract; Dale (5) obtained a like result.

Suprarenal Extract.—This produces contraction of both isolated
vessels (eight experiments) and of perfused vessels (four experiments).

Pituitary Extract.—As was the case with other vessels, this extract
failed to produce contraction with solution A, but, on the contrary, relaxa¬
tion resulted. On the other hand, the isolated strips contracted with
solution B.

With both solutions the perfused organ showed diminution of flow
through its vessels. This diminution was less marked in the spleen than
in the lungs, limbs, or heart.



Fig.10.—Effectofperfusing,first,25c.c.pituitaryextract(1"6percent.),and,second,25c.c.hemisine(1in200,000),throughtheportalvein(liverofrabbit).Temp.39°C.Veryslightconstrictionisobserved(bymeasurement)astheeffectofbothextracts.
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f. with other vessels.

The liver (rabbit, cat) was perfused from the portal vein. In nine ex¬
periments performed both pituitary (1 to 8 per cent.) and hemisine (1 in
10,000 to 1 in 260,000) caused a slight diminution of flow (fig. 10).

A few experiments were performed with isolated portions of carotid
artery (five), superior vena cava (two), and superior mesenteric artery (one).
Both pituitary extract and hemisine produced contraction in all these cases.

Conclusions.

Suprarenal extract in the form of hemisine causes marked con¬
striction of the vessels of all the organs, with the exception of those of the
heart and lungs. In the heart it does occasionally produce slight constric¬
tion, but more often has no effect. In the lungs slight constriction is more
frequently observed than is the case with the heart.

Pituitary Extract.—The evidence from the experiments indicates that
there are at least two substances—one causing contraction and the other
relaxation—in this extract. Each is capable of producing its characteristic
effect (this varying with the composition of the Ringer solution) on all the
arteries except the renal, where contraction is hardly ever obtained, the
result being nearly always relaxation.

The subject of this research was suggested by Professor Schafer,
to whom I have been indebted for advice. The work was performed
during my tenure of the Vans Dunlop Research Scholarship. The
expenses have been defrayed out of the Earl of Moray Fund of the
University of Edinburgh.
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APPENDIX.

TablesshowingDetailsofTypicalExamplesofallExperiments. EffectofSuprarenalExtract(Hemisine)onIsolatedPortionsofVessels.
as

Animal.

Whenkilled.
Artery.

Strengthof extract.

Tempera¬ ture.

Timewhen extractacted.
Sizeofstrip.

Portionof artery.

Result.

Sheep

1hr.previously
subclavian
1in10,000
35°C.

immediately
20mm.x5mm.
transversestrip

contraction"6mm.

afterapplication

„-6mm.

»)

4jhrs.„

33

33

33

33

>>

33

33

1hr.„

33

1in50,000

33

1|minutesafter
26mm.x5mm.

completetube

„-5mm.

33

Hhrs.„

33

33

35-5°C.

1minuteafter
20mm.x5mm.

33

„-4mm.

33

3| „

pulmonary
1in10,000
35°C.

2minutesafter

jj

transversestrip
„-8mm.

33

12")>

33

33

3minutesafter
26mm.x5mm.

33

„-9mm.

33

o»»

33

33

33

33

17mm.x5mm.
completetube

,,l'OOmm.

33

>.»

33

1in100,000

33

33

19mm.x5mm.

33

„'9mm.

Ox

1hr.„

coronary
1in40,000

38-5°C.

1minuteafter
10mm.x5mm.

transversestrip
relaxation'4mm.

Sheep

2hrs.„

1in10,000
35°C.

33

33

33

contraction-4mm.

33

1hr.„

a

3J

35-5°C.

2minutesafter

33

completetube
relaxation'2mm.

33

1 ,,

1in50,000

33

8minutesafter
15mm.x5mm.

33

„'2mm.

33

2hrs.„

renal

1in100,000
35°C.

1minuteafter
16mm.x2'5mm.

33

contraction1-00mm.

33

1hr.„

33

1in25,000
35-5°C.

33

33

33

„'5mm.

33

4fhrs.„

33

1in75,000

3>

Jminuteafter
21mm.x2'5mm.

33

„'75mm.

xOx

2 1!),

33

1in50,000
37-5°C.

' 33

10mm.x3mm.
transversestrip

,,'9mm.
a"

EffectofPituitaryExtractonIsolatedPortionsofVessels.a
Animal.

Whenkilled.
Artery.

Strength
ofextract.

Tempera¬ ture.

Timewhen, extractacted.
Sizeofstrip.

Portionof artery.

Ringer used.

Result.

Sheep

£hr.previously
subclavian

5%

35°C.

1minuteafter
14mm.x2-5mm.
transversestrip

solutionA.
relaxation-16mm.

35-5°0.

application

5hrs.„

8mm.x5mm.

„-16mm.

6 ,!„

37-75°C.
5minutesafter
17mm.x5mm.

solutionB.
contraction-5mm.

6 „„

4-5%

39°C.

2minutesafter
21mm.x5mm.

„"5mm.

33

^ »;>
pulmonary
5%

37-5°C.
1minuteafter
17mm.x5mm.

solutionA.
relaxation-5mm.

2i „

33

33

35-5°0.

11mm.x3mm.

„'3mm.

6 „„

4'5%

39°C.

5minutesafter
15mm.x7mm.

solutionB.
contraction-75mm.

4

3%

2minutesafter
21mm.x6mm.

„'2mm.

Ox

1hr.„

coronary 3'

38°C.

1minuteafter
10mm.x5mm.

„-4mm.

Sheep

4hrs.„

31

37-5°C.

33

14mm.x3mm.

„-1mm.

Ox

1hr.„

renal

33

\minuteafter
15mm.x-75mm.

completetube

relaxation-4mm.

33

2hrs.„

33

5%

33

33

10mm.x3mm.
transversestrip;solutionA.

„-8mm.

1hr.„

3%

16mm.x5-5mm.

„

„-16mm. „-14mm.

33

3his.,„

33

5%

37°0.

1minuteafter
15mm.x4mm.

33

solutionB.



EffectofSuprarenalExtract(Hemisine)onPerfusedVessels.
Animal.

Whenkilled.

Organ.

Amountandstrength ofextract.

Temperature.
Actionof extractlasted.

Result.

Sheep

1hr.previously

kidney

2c.c.1in40,000
41°C.

7minutes

constriction

55

10hrs.„

7c.c.1in60,000
40-5°C.

7

55

))

Dog

immediatelybefore
55

10c.c.1in40,000
39°C.

60

55

55

Cat

55

11

15c.c.1in60,000
43°C.

15

55

55

55

55

lungs

30c.c.1in120,000
36°C.

3

55

veryslightconstriction

55

11

55

15c.c.1in60,000
40°C.

10

)5

Sheep

3hrs.previously

heart

10c.c.1in200,000
40°C.

1

55

slightconstriction

Dog

1hr.„

55

20e.c.1in80,000
42°C.

7-5

55

55

55

lihrs.„

55

10c.c.1in20,000
40°C.

5

55

55

55

1»̂»

55

10c.c.1in10,000
38°C.

noeffect

Cat

immediatelybefore
hindlimb

2c.c.1in80,000
40°C.

20minutes

constriction

55

11

forelimb

8c.c.1in80,000
39°C.

12

55

55

Dog

11

spleen

15c.c.1in60,000
38°C.

50

55

55

11

11

55

5ex.1in40,000
43°C.

12

•

55

55

Cat

11

liver

25c.c.1in50,000
43°C.

7

55

55

EffectofPituitary'ExtractonPerfusedVessels.
Animal.

Whenkilled.

Organ.

Amountandstrength ofextract.

Temperature.
Actionof extractlasted.

Result.

Cat

immediatelybefore
kidney

15c.c.3%

38*5°C.

7minutes

dilatation

Dog

55

55

10c.c.3%

39°C.

10„

Sheep

1hr.previously

55

45c.c.4%

40°C.

5 „

55

55

10hrs.„

55

30c.c.3%

40°C.

4 „

Cat

immediatelybefore
lungs

25c.c.1%

36°C.

40

constriction

55

55

55

5c.c.6%

37-5°C.

60 „

5)

Rabbit

55

55

15c.c.2-5%

.37°C.

20

55

Sheep

1hr.previously

heart

35c.c.1%

42°C.

10

55

55

3hrs.„

55

10c.c.5%

39-5°C.

17„

55

Dog

1|hrs.„

55

40c.c.2'5%

39°C.

10„

55

Cat

immediatelybefore
forelimb

7c.c.6%

39°C.

60

55

55

55

hindlimb

25c.c.3%

40°C.

60

55

Dog

55

spleen

5c.c.10%

43°C.

2 „

slightconstriction

Rabbit

55

liver

5c.c.8%

39°C.

10„

55



 



II. THE ACTION OP CHLOROFORM UPON THE BLOOD-VESSELS.



Journal Physiology, Vol. XLII.
[From the Proceedings of the Physiological Society, June 3, 1911.]

The action of chloroform upon the blood vessels. By J.
Argyll Campbell (introduced by Professor Schafer).

Divergent results have been obtained regarding the action of
chloroform upon the blood vessels.

Schafer and Scharlieb (Trans. Roy. Soc. Ed. xli. 1904) perfused
mammalian vessels with chloroform dissolved in Ringer's fluid. They
observed that the effect of the drug is always in the direction of vaso¬
constriction in the vessels of the heart and limbs, whilst increased flow
occurs through the kidney vessels (vaso-dilatation).

The results which I have obtained by the use of the same method
confirm the observations of Schafer and Scharlieb. Ringer's fluid
was perfused under constant pressure; produced as in Langendorff's
heart apparatus by connecting the surface of the fluid with an oxygen
bottle. Under these circumstances the addition of chloroform to the
fluid always produces constriction in the vessels of the limbs, lungs,
heart, intestines, spleen, liver and brain; dilatation being the effect in
the case of the kidney vessels.

Embley and Martin (Journ. Phys. xxxii. 1905) employing a
pulsatory circulation apparatus and defibrinated blood, which was kept
oxygenated by being passed through the lungs before being led to the
organs under investigation, concluded that chloroform directly paralyses
the neuromuscular mechanism of both the kidney and bowel; and that
a considerable part of the fall in blood-pressure caused by chloroform
inhalation may be accounted for in this manner.

To investigate the cause of these differences, I have employed
a modification of Embley and Martin's circulation scheme. It is
possible by this to show, that if defibrinated blood—specially oxygen¬
ated by allowing a stream of oxygen to bubble through it—be used
chloroform at all degrees of dilution dilates the vessels of the limbs and
lungs; these being the only organs I have as yet dealt with. This
confirms Embley and Martin's results on the kidney and bowel. On
the other hand if the blood be not specially oxygenated, constriction
occurs in the vessels of the same orgaus even with very dilute solutions
of chloroform.



The apparatus is so arranged that the blood can be run out and at
the same time Ringer's fluid run in to replace it, without altering the
general conditions of the experiment. With Ringer's fluid, whether
specially oxygenated or not, constriction is always observed as the result
of the action of dissolved chloroform upon the blood vessels of the limbs
and lung; whether the solution be weak or strong. The constriction is
not due to the setting up of rigor, for even when the chloroform
solution is as strong as 1 in 600—a strength which produces very
marked constriction of the blood vessels—there is complete recovery
within a few minutes on substituting ordinary Ringer's solution without
chloroform.
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(Received for publication 2bth April 1913.)

Practically nothing is known about the quantitative composition of the
mammary gland and the changes which it undergoes in different states of
functional activity. It is not even known whether lactose is a definite
constituent of the cells of the gland, in a similar manner, for instance,
as fat.

In the following investigation the mammary gland tissue of cats and
dogs was examined with regard to the relative quantities of water, protein,
fat, and sugar which it contains.

For the estimation of water the minced gland was weighed before and
after drying in an incubator at 40° C. The dried substance was kept in
a desiccator.

Protein was calculated from the total amount of nitrogen in the dried
substance (Kjeldahl's method), the nitrogen found being regarded as
forming 16T per cent, of protein (average of Hoppe-Seyler's figures).

Fat was extracted by ether (Soxhlet's method). For the estimation
of sugar the residue was boiled with a little alcohol and filtered. From
the remains of the tissue the sugar was extracted by boiling water.
Bertrand's method was used for the estimation of sugar.

Analyses of the following specimens were made
(a) Different strips of the same gland of a lactating bitch (Table I.).
(b) Glands from different lactating bitches (Tables I., II., III.).
(c) Different glands of the same lactating bitch (Table III.).
(d) Two glands of a lactating cat, one of which was freed from milk

as completely as possible (Table IV.).
(e) Different strips of the same gland of a pregnant cat (Table V.).

Table I.—Strips from the Largest Gland of a Lactating Bitch.

Strip. Water. Protein. Fat. Sugar.

Outer (or lateral)
Middle
Inner (or mesial)

74-30
74-38
72-00

13-49
13-67
13-46

8-44
9-28

11-09

•29
•36
•62

Average 73-56 13-54 9-60 ■42
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Table II.—Strips from the Largest Gland of a Lactating Bitch.

Strip. "Water. Protein. Fat. Sugar.

Outer (or lateral)
Middle .

Inner (or mesial)

75-40
74-80
74-50

15-42
15-57
15-86

6-39
6-58
7-50

-48
•49
•55

Average 74-90 15-61 6-82 •51

Table III.—Samples of Different Glands of a Lactating Bitch.

Glands. Water. Protein. Fat. Sugar.

I 77-68 13-75 7-31 •17
II 75-93 13-27 10-12 •36

Table IV.—Portions of Different Glands of a Lactating Cat.

Glands. Water. Protein. Fat. Sugar.

I. (drained) .

II. (not drained)
75-30
77-45

11-09
9-25

12-26
11-89

•08
19

Table V.—Strips from One Gland of a Pregnant Cat.

Strip. Water. Protein. Fat. Sugar.

Outer (or lateral)
Inner (or mesial)

73-43
73-15

17-39 5-86
15 86 ! 9-05

0
0

Dog.—As regards the different strips of the same gland, it may first
be stated that, on inspection, the part of the gland nearest the middle line
of the abdomen, that is, the inner strip, was observed to contain most milk.
On analysing its tissue, it was found to have considerably more sugar than
either the outer or the middle portion of the gland (Table I.). But while
it contained twice as much sugar as the outer strip, only a slightly larger
amount of fat was found. At first sight this difference would appear to
indicate that the sugar and fat of the milk are formed in different pro¬
portions in the alveoli of different parts of the gland, but this is extremely
improbable, and it is more likely that the difference in the amount of fat
depends upon the quantity of adipose tissue between the alveoli. It is



The Chemistry of the Mammary Gland 55

true that care was taken to remove the adipose tissue surrounding the
gland before the analysis was made, but some adipose tissue is always
present between the lobules, and cannot be dissected away. The amount
of protein was found to vary but little in the different strips.

From the comparison of the composition of gland tissues from two
lactating bitches (Tables I. and II.) it will be seen that although the gland
of the second animal contained, on the whole, a larger percentage of sugar,
it had less fat than the gland of the first animal. This is perhaps again
due to a different degree of adiposity of the two glands, since from in¬
spection the second gland appeared to contain more milk than the first
gland. In both glands analysed, the inner strip contained more milk than
the other strips of the gland, and more sugar was found in it. The second
gland contained a larger percentage of protein than the first: this again is
probably related to its smaller degree of adiposity.

In the next analysis (Table III.) two glands were taken from the same
lactating bitch. Gland II. contained far more milk than Gland I. It
contained twice as much sugar.

Cat.—For my next analysis I employed two glands from a lactating
cat. One of the glands had been drained previously by cutting the ducts
and injecting pituitary extract intravenously. In this way a copious flow
of milk was obtained from it. Histological examination of this gland by
Drs Pringle and Cramer showed that the gland had almost completely
emptied itself, its alveoli appearing collapsed. The other gland was left
intact, and no milk escaped as the result of the injection of pituitary
extract. Before the injection the drained gland was the fuller gland.
After the injection it still contained a very small amount of milk; the
undrained gland contained of course a much larger amount. The results
(Table IY.) show that the undrained gland contained more than twice as
much sugar per cent, as the drained gland.

Glands from pregnant cats, which were almost full time but which
contained no milk, were also examined. Table V. shows the result of the
analysis of such a gland. The most striking difference in the composition
of the pregnant gland as compared with that of the lactating gland is the
absence of sugar. This fact, together with the small amount of sugar
present in a lactating gland which has been drained of milk, indicates that
the amount of sugar present in the gland is a measure of the amount of
milk. It would appear therefore that the lactose is not stored up in the
cells in the form of a reducing sugar.

There is a marked distinction between the formation of fat and that of
lactose. Fat is well known to be a constituent of the parenchyma cells.
This can be demonstrated histologically. Lactose is not a constituent of
the parenchyma cells. It must therefore be formed from some other
substance during secretion into the alveoli. This confirms the conclusion
arrived at recently by Carlo Foa1 by a different line of argument. He

1 Archivio di Fisiologia, vol. x., fasc. 5, Lugio, 1912.
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perfused the blood-vessels of a lactating gland of the sheep, and found
that when the gland is perfused with Ringer's solution no lactose appears
in the fluid which drains from the ducts But if glucose is added to the
perfusion fluid, lactose is obtained in the secretion, whilst glucose disappears
from the Ringer's solution. Had lactose been present in the parenchyma,
it is evident that it would have appeared in the secretion when the gland
was perfused with Ringer's solution alone. Carlo Foa concludes that
lactose is formed from the glucose present in the blood.

Conclusions.

I. Analyses of mammary gland tissue from lactating bitches and cats
show that considerable differences exist between different parts of the same
gland, between glands of the same animal, and between glands of different
animals of the same species.

II Lactose is only found when the gland contains milk. It is not
found in the gland of a pregnant animal. Most of it can be removed by
draining the gland, so that the amount present is a measure of the milk
content of the gland.

III. Since lactose is not a constituent of the parenchyma cells, it must
be formed from some other substance in the process of secretion into the
alveoli.

IV. The fat obtained from the gland cannot be taken as an indication
of the amount of milk constituents it contains, because fat is found not
only in the parenchyma cells in the milk within the alveoli, but also as
adipose tissue between the alveoli.

The subject of this research was suggested by Dr Cramer, to whom
I have been indebted for advice.

The expenses have been defrayed out of the Earl of Moray Fund,
University of Edinburgh.



 


