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her skin and mucous membranes were pale. Amenorrhoea
lasted for five months during the summer of 1920. No treat-
ment beyond rest was adopted at this time.

In March, 1921, she felt sufficiently well to begin nursing
again, but became ill again after three weeks’ work. 'There
was nothing of any imporiauce in the family history. She had
an attack of colitis nine years previously. Most of “her teeth
had been extracted, but she had a good artificial set with a few
gsound teeth of her own. No glossitis was present. She was
very weak and pale; she had no other abnormal signs or
symptoms, but the temperature was 100.2°, -

On April 12th the result of a blood count was: Erythrocytes
1,232,000; leucocytes 1,750; haem-globin 20 per cent.; poly-
morphs 53 per cent., eosinophils 1 per cent., lymphocytcs 45 per
cent.; colour index 0.85.

Marked poikilocytosis and anisocytosis were present, with a
preponderance of microcytes. Moderate polychromatophilia
and some basic stippling were observed. 'Two nucleated reds,
h?th megaloblasts, were seen while counting two leucocyte
films.

She was given novarsenobillon, 0.2 gram, intravenously, and
the oral administration of beta naphthol, 5 grains twice daily,
wag commenced. Up to April 13th she had regular normal
actions of the bowels, but after that date they were never open
again except by enemata. The temperature rose, with morning
remissions, until it was 104.4° on April 14th, falling by lysis
until it reached 96.6° on April 21st. On April 14th cultures
were sown from a catheter specimen of urine and a specimen
of faeces. The former showed the Staphylococcus albus only,
the latter B. coli only. On April 15th the patient became
delirious and lay in a semi-conscious condition. On April
19th novarsenobillon, 0.1 gram, was given by intramuscular
injection, On April 22nd her temperature was still subnormal,
so half a pint of citrated blood from healthy and compatible
donors was given intravenously. She recovered consciousness
for about an hour, but her temperature again rose, and she
died on April 25th, 1921.

The autopsy showed the following pathological changes.
* Tabby-cat striation’ was present on the columnae carneae
of the heart. The liver showed fatty change, and excess of
iron was present. The kidneys showed fatty degeneration,
their surfaces were finely granular, and the capsules adherent.

The appendix was empty, with an apparently congenital
occlusion of the lumen at its proximal end. About five feet
above the ileo-caecal valve there was a sharp line of demarca-
tion in the interior of the small intestine, but no constriction
was present. Above this line the appearance was that of
normal jejunum, below it normal ileum. The appearabce at
this place was as if an end-to-end anastomosis had been per-
formed, but the patient had never undergone an abdominal
operation. The line itself appeared to consist of a fine ring of
small ulcers. Microscopic sections showed a simple ulceration
of the mucous layer, the other layers being normal.

A section of the spleen showed slight fibrous change, with
atrophy of the Malpighian tufts. Films of bone marrow showed
some hyperplasia of the erythroblastic elements,

CASE 1I.

The second case was that of C. D., aged 58, a coachman. He
came under our care on Jlmua.rg 15th, 1921, with a history of
diarrhoea and vomiting during the past seven weeks, accom-

anied by slight jaundice during the earlier part of that period.
Elis past history was that he had two attacks of influenza about
fifteen years [irevio_usly, a severe attack of diarrhoea four years
previously, followed by occasional milder attacks.

Hisappearance was cachectic and his mucous membranes were
very pale. His teeth were dirty, but seemed sound otherwise.
Emphysema of the lungs almost obliterated the'cardiac dull-
ness. Some scabbing was presentin theright nostri),and a small
polypus was found at the anterior end of the middle turbinal
bone. This gave rise to a clear mucous discharge which wag
sterile. A blood count was taken on January 17th, with the
following result: Erythrocytes 1,240,000; leucocytes 4,400;
haemoglobin 35 per cent.; polymorphs 20 per cent., eosino-
phils 0, lymphocytes 80 per cent.; colour index 1.4. Marked
poikilocytosis, extreme anisocytosis, and an abundance of
macrocytes were observed. Seventeennucleated reds, including
five megaloblasts, were seen. Most of the reds showed nuclear
remains. The patient was given haemoglobin and malt,
1 drachm thrice daily, also beta naphthol 5 grains twice
daily. He started weekly intravenous doses of novarseno-
billon 0.2 gram. The following pathological tests were made:
Wassermann, negative; faecal examination, excess of fatty
crystals; faecal! culture, coliform bac'lli and Gram-positive
diplococei ; urinary cuiture, a few sarcinae. .

A blood count on February 3rd showed some improvement ;
Erythrocytes 1,528,000 ; haemoglobin 46 per cent.  On February
16th the count was worse than the original one. This was attri-
buted to & somewhat severe reaction after each dose of nov-
arsenobillon. The dose was reduced to 0.1 gram, which produced
no untoward symptoms, and has been gradunally increased to
0.2 gram, which is being given at the present time. By April
8th he was again improving : erythrocytes 1,776,000. On
April 4th an a-ray examination showed that the fangs of the
lower lateral incisors were rather bulbous. These were ex-

tracted under a general anaesthetic with special antiseptic
precautions, and yielded a pure growth of streptococci. A
course of autogenous vaccine was given until June 13th, fol-
lowed by a course of stock streptococcal vaccine. On June

eosinophils 2 per cent., lymphocytes 76 per cent.; coleur
index 1.0. Tairly marked poRkilocytosis and polychromato-
philia. Six normoblasts, no megaloblasts. :

The patient now enjoys good health, having the novarseno-
billon and vaccine weekly. Time alone will show whether this
is genuine recovery or a remission.

The points which we wish to emphasize about these
two cases are the history of colitis in the first case and of
diarrhoea in the second. In the first case a definitc ring
of ulcers was found in the intestine, and in the second an
infective focus in the teeth. Novarsenobillon seems $o be
a valuable drug in this disease; the value of the autogenous
vaccine cannot be estimated as it was given concurrently
with other treatment. Evidence of alimentary derange-
ment was also present in a fatal case of pernicious anaemia
following dysentery which we treated in 1920. There
was a history of alimentary derangement in a case of
aplastic anaemia and a case of pernicious anaemia which
Dr. Rivaz Hunt has kindly allowed us to quote. The
latter appears to be enjoying normal health under treat-
ment with novarsenobillon.

EIGHTY-NINTH ANNUAL MEETING

" oF THE

British Medical Association.

Held at Newcastle-on-Tyne, July, 1921,

SECTION OF PHYSIOLOGY, PHARMA-
COLOGY, THERAPEUTICS, AND
DIETETICS. '
H. H. Darz, C.B.E.,, M.D,, F.R.S., President,

Berore proceeding to the business of the Section, Dr. I1. H,
Dare and Professor A. V. Hirw gave two eloquent appre-
ciations of the work and character, both as a physiologist
and as a man, of the late Professor J. A. Menzies, Vice-
President of the Section, who died only a few days before
the opening of the Annual Meeting of the Association. It
was decided that a resolution expressing the ** deep sense
of the loss medical science has sustained by the death of
Professor James Acworth Menzies, Professor of Physiology
in this University, and Vice-President of this Section,”
should be conveyed to the University, and that in addition
a message of respectful sympathy should be sent to Pro-
fessor Menzies's widow.

THE USE OF THE HOT WIRE FOR INVESTI-
GATING THE TIME RELATIONS OF THE
PULSE AND THE CHARACTERISTICS
OF VOLUNTARY CONTRACTION
IN MAN.

BY
A. V., HILL, M.A,, Sc.D.Caxs,, F.R.S,,

Professor of Physiology in the University of Manchester and Fellow
of King’s College, Cambridge.

[Abstract of Communication.]

A vERrY fine platinum wire (of diameter about one-hundredth
of a millimetre) is mounted in a tube which is connected
to a tambour or funnel placed upon the subject's artery.
The wire is heated to just below redness by an electric
current. The rise of temperature in the wive raises its
electrical resistance, whiclh, however, is lowered each time
a pulse of air comes along the tube and cools the wire.
The pulses of air caused by the movements of the artery,
therefore, cause corresponding changes in the resistancet
of the wire, and a continuous record of the latter is there-
fore also a continuous record of the movements of the
artery. The electrical resistance of the wire may be
recorded in one of three ways:

1. By a Wheatstone's bridge arrangement and a string
galvanometer. The hot wire is placed in the fourth arm
of the bridge and the other resistances are so adjusted
that no current passes through the string galvanometer,
and therefore the string is not deflected. When the re-

28th the count was ss_follows: Erythrocytes 3,216,000; leuco-
oytes 5,600 ; haemoglobin 65 per cent. ; polymorphs 22 per cent.,

sistance of the hot wire changes, the balance is upset and
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8 current passes through the string, the deflection of which
-is recorded upon a moving pliotographic plate.

2. By having the hot wire in the primary circuit and the
string galvanometer in the secondary of an electrical trans-
former. When the resistance of the hot wire changes
there is an alteration in the intensity of current passing
through the primary, and this causes an induced current
‘through the galvanometer, which is recorded in the same
‘way.

3. By a similar condensor arrangement.

The principal advantages of the instrument are that
-there is extraordinarily little time lag between events
taking place at the artery and the corresponding movement
of the string; that the time relations of the pulse can be
very accurately measured, and that the records are not
contaminated by artificial effccts due to independent
mechanical vibrations of the recording instrument itself.
Vibrations of this kind can be detected in tracings, ob-
tained by thoe usual mechanical methods, by comparing
them with records obtained in this way. The velocity
of the pulse wave can be measured very accurately by means
of two hot-wire. sphygmographs, one of which is placed
on the carotid pulse, the other on the radial. If generally
required for this puipose it would be possible to replace
the costly string galvanometer by a much cheaper
arrangement.

The same apparatus can be modified so as to record the
movements of human muscles when contracted voluntarily.
A convenient way to show the effect is to hold a tambour
between the first and second fingers and to press on its
surface with the thumb, Whether the tambour is pressed
gently or vigorously the photographic records show oscilla-
tions varying from 40 to 50 per second. Different sub-
jects give different frequencies of oscillation, but the
same subject gives a frequency which is constant and
independent of the particular instrument used. From
these and other control experiments it is argued that the
oscillations observed do not owe their origin to independent
vibrations of the instrument itself. When the tongue is
pressed against the tambour, oscillations of the same
characteristicfrequencyare again observed. Thiseliminates
the possibility that they may be caused by mechanical
creaking at joints. The frequency of oscillation corve-
‘sponds closely with the frequency of the electric change
in voluntary contracting muscle observed by Piper.

The nature of these racords, and of the Piper. electro-
.amyograms, suggests tentatively an interesting property of
the cells which constitute a centre in the nervous system,
These must discharge their impulses at the same fre-
quency and in the same phase as one another ; otherwise
the muscular contraction and the electrical variation would
both inevitably be continuous instead of periodic. More-

~over, according to the all-or-none law, vyhen a muscle
enters into moderate contraction a certain number of its
fibres contract fully, whilst the remainder continues entirely
passive. The absence of fatigue in a moderately contract-
ing muscle suggests that if a moderate contraction is pro-
longed, the first group of active fibres is relieved by a
second group which up till then have been passive. After
a further interval the second group is in-its turn relieved,
and so on. Records obtained during health suggest that
the transition from one group of fibres to another occurs
quite smoothly, but that in old age, fatigue, and possibly in
functional diseases of the nervous system, it cannot be
accomplislied so accurately, and tremors appear.

DISCUSSION.

Dr. MartiN suggested that the application of the hot-
wire sphygmograph to the investigation of cases of
aneurysm would prove very fruitful.

Dr. G. A. Crark suggested that it might be possible by
this method to follow the passage of the contraction wave
down the auricle. . -

Dr. H. H. DaLe reminded Dr. Clark that Lesis had
already succeeded in doing this by attaching a set of hairs
to the auricle. It would be well to reinvestigate by this
‘method Sherrington’s work on the relative strength of the
muscular contraction induced (a) by direct stimulation,
and (b) by reflex stimulation. He pointed .out to Dr.
Martin that many hospitals possessed an electrocardio-

G

graplic instalment which could be easily modified to this
purpose, and, further, that the method would be a very
convenient one for the bedside.

Professor A. V. HiLL pointed out, in reply to Dr, Martin,
that variations of temperature in the rubber tube con-
necting the tambour to the Lot wire had no appreciable
effect upon the records, and that of the threc metlhiods
described in the paper he had found the Wheatstono
bridge most satisfactory. In reply to Dr. Dale, Lig con-
sidered that adventitious sounds in the room where ob-
servlz?tious were being made would not affect the records
atb all,

THE ETIOLOGY AND TREATMENT OF
VARICOSE ULCERS.
BY ~
W. R. GROVE, M.D,,
Honorary Surgeon, Huntingdon County Hospital,
AND
H. W. C. VINES, M.B.,

Beit Memorial Research Fellow.

THe causation of varicose ulcers is generally regarded as
due to a local depression of tissue resistance in the region
of the affected veins, dependent on a local nutritional
deficiency. The treatmenf is usually purely local, con-
sisting of such mechanical means as bandaging, or of the
external application of stimulaut lotions or ointments, in
order to promote tissue growth and repair. In the series
of cases under consideration a new aspect of the pathology
of this condition is put forward, and also a means of pro-
curing satisfactory results by treatment in a relatively
short time. With one exception all the cases were varicose
conditions, either ulcers or eczema; the remaining case
was that of an old wound of the leg which had broken
down and ulcerated.

In a previous paper, publizshied in the Journal of Physio-
logy,! it has been shown that the calcium of normal
unclotted blood is present in two forms; of a total of
10.7 mg. p.c., roughly 4 mg. are present in a combined
or non-lonized form, and 6.7 mg. are present in the ionic
state. After clotting has taken place, the total ionized
calcium was found to be 10.7 mg. p.c., so that normally
all the calcium of the serum should be ionized. In all
the present cases it was found that there was a de-
ficiency in the ionized calcium, though the total calcium
was not very markedly reduced. The inference to
be dvawn, thercfore, is that some of the calcium which
should be ionized has become combined with some
unknown substance, formed at some stage of the patho-
logical process in question. It suggests, turther, that the
ulceration may be due to this deficiency of the ionized
calcium, ‘and treatment was therefore directed towards
supplying the deficiency. ) .

"The first form of treatment used was the intramuscular
injection of calcium chloride dissolved in distilled water,
1 grain being injected once a week, or in some cases at
shorter intervals. Details of this method of treatment will
be found in a paper on the use of calcium salts in haemor-
rhage.? The results obtained were not satisfactory, and
only one complete cure was obtained in these ulcer cases.
A tolerance to the calcium injections appeared to become
established, so that progress was only obtained by in.
creasing the amount and frequency of the dose. Improve-
ment or retrogression of the ulcer ran roughly parallel
with the rise or fall of the ionized calcium content of the
blood. To summarize, this form of treatment was bene-
ficial up to a certain point, but required considerable time
and patience, and even then its results were by no means
certain.,

The second form of treatment used was the combination
of calcium injections with the oral administration of
thyroid gland substance. This produced effects which
were not markedly different from those obtained with the
injections alone. It cannot be said that the thyroid had of
itself any beneficial effect. In one or two cases calcium
selts given by the mouth were substituted for the injec-
tions, but the effect was not only entirely negative in
respect of improvement, but even harmful.

Parathyroid gland substance (Parke, Davis), gr. 1/10 by
the mouth daily, was next used, and with this treatment an
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immediate improvement seemed to take place. The
jonized calcium of the serum rose rapidly to the normal
figure, and the local condition showed early signs of
healing ; it was found unnecessary to continue the
calcium injections. In cases treated with parathyroid
alone seven to fourteen days seemed to be the period
required for the drug to produce its maximal effect, though
the time taken for complete Lealing to occur was of course
dependent on the size of the ulcer. In putting this treat-
ment into practice, gr. 1/10 of the parathyroid substance
is given daily until healing has occurred, and then twice
a week for three or four weeks. In this series of cases,
and al!so in other cases, no signs of overdosage became
evident, even though tle patient was taking parathyroid
for several weeks without intermission. When firm
healing has o:curred the patients are told to report at
once any iiritaticn round the site of the ulcer, and if the
ionic calcium is again decreased a further short course of
parathyroid may Le p escribed.

The loci1 treaiment of the ulcers wcs of the simplest
type, in order not to prejudice tl.e action of the internal treat-
ment. The ulcers were c.vered with plain gauze or boracic
lotion, though in come cases no dressing at all was used.
It must be rememb. r:d that the calcium deficiency is but
one factor in the cond tion, and that for the maintenance
of efficient fissve nutrition, and therefore healing, the
circulation and drainage of the part must be assisted. It
was for this reason found that the best results were
obtained when the ratient was kept in bed; if cases are
allowed to go alo1t their usual business healing is very
much retard-d, and as the parathyroid also relieves the
pain and iriitation of tle affected part, the ulcers are neg-
lected and may become grossly infected. Again, the best
results are obtained with early cases of ulceration: or vari-
cose eczema rather than witli long-standing ulcers, where
local fibrosis hag interfered with the blood supply to the
ulcerated area. It was found that early cases treated
with parathyroid and confined to bed healed up with quite
remarkable rapidity.

The fact that parathyroid administration has so great
an effect in causing these ulcers to heal seems to point to
the possibility that a partial deficiency of the parathyroid
secretion may play so'ne part in their causation, and this
supposition is strengthened by the fact that the para-
thyroids are recognized re gulators of calcinm metabolism.
The true reason for this failure of parathyroid activity
must be a matter of conjecture. It is possible that two
factors play a part: first, that varicose ulcers commonly
occur in middle-aged patients, especially females, at a
time wlen dcgenerative changes are most apt to become
@vident; and, secondly, that the continued stagnation of
the blood in a chronically varicose area may produce in
time a general pcisoning, as such blood must be over-
loaded with the p:oducts of tissue breakdown.

It may not, therefore, be unrcasonable to suggest that
varicose ulceration is another instance of the vicious circle
in diseass. The toxic agents produced by the varicose
condition may be supposed to affect the parathyroid
glands, and are also able to combine with some of the
calcium of the blood which is normally ionized. The
calcium balance of the blood is thus disturbed, and the
damaged parathyroids are umnable to readjust it. This
deficiency of iomic calcium may cause a lowering of
vitality of the tissues, so that chronic ulceration ox
eczema occurs at the point where nutrition is worst.
Ulceration leads to a further absorption of toxic material,
and so the circle is completed. The aim of treatment is to
break it; calcium alone seems unable to do so, probably
because it is only able to affect the particular symptom
of calcium deficiency, and does pot act upon the primary
cause—an erring metabolism. Parathyroid, on the other
hand, has apparently a mcre fundamental action: not
only can it act specifically upon the calcium metabolism,
but it jmay also produce an improvement in the general
metabolism through the medium of the endocrine system
as a whole.

It is not yet possible to state that all chronic non-
malignant ulcerative processes are of the same type. It
has, however, been found in the smgll number of cases

examined that chronic gastric ulcer conforms to the same
type of calcium deficiency. Further, such cases are un-
doubtedly improved by the administration of parathyroid
‘substance, so that tliere ave indications that two clironic

‘ulcerative conditions, differing widely in locality and in

the symptoms they produce, may yet have a common
biochemical relationship.

Case 1.—Female, aged 45; varicose ulcer. Before treatment
the ionized calcium content was 6.19 mg. p.c.; on the seventh
day of treatment by injection of CaCls gr. 1 it was 6.93 mg.
p.c.; on the thirteenth day 7.23 mg. p.c.; and on the twenty-
seventh day 10.58 mg. %.c. On the forty-first day the ulcer was
completely healed. our months later it was still healed;
some irritation of ankle. Ionic calcium = 8.66 mg. p.c.

Case 2.—Female, aged 55; extensive ulcer encircling leg com-
%)l%?ely. The progress of the case is shown in the following
able :

Ca mg. p.c. Serum.

Treatment. Progress,

Day of

bciﬁt.f:{. Ionic. | Total.

|

Hae i Treatment.

H

Before treatment
CaCl2 inject. gr. 1 Improved,
” n Healing.

21 " "
35 Iuject'i'ons stof)bsd

50 N

J— Enlarging.

81 [ CaCle2 gr. x per os t.d.s. Spreading.

gg Inject. recommenced
104 _

RN

PErrrrrrrrnn

Slow improve-
ment.

113 | CaCl2 per os stopped Stationary.

123 | CaCl2gr. 2 inject. (on

118th day)

127 " o

133 o o

138 " "

145 " "

166 | CaCl2 gr.2; and thyroid
gr. 23
172 “ "
179 “ "
185 " "

201 | CaCl2 and parathyroid
gr. 1/10
208 | Parathyroid only

215 " 1
223 " "

Il
1

Eczema,

ORIT BRFRPFPt Gk HNONSITRRRS
oM O

NS L=

Eczema gone.

OMWOLIL PP LD
gOANN BUHNOHOCOO
COOODO BOAPOO

oo
SISEE 328382

Healing.

S5O PNNOY QORNPD DO PANNONPACRUNOA

et
I b
o0
Py

Completely healed on the 237th day.

Case 3.—Female, aged 42. Treatment and progress :

....‘é Ca mg.p.c. Serum,
o0
%‘% Treatment. Progress.
RS &%’2& Ionic. | Total.
& .
0 | Before treatment 3.44 6.C1 9.45
4 | CaCl2inject. gr.1 3.0) 6.01 9.01
10 | CaCl2inject. gr. 2 1.6% 7.35 903 | Healing,
15 " . 1.29 6.98 8.27
22 ' " 0.48 9.45 9.93
30 m m 0.48 9.45 9.93
43 " — 9.92 | 10.10
49 | CaCl2 and thyroid gr.24 | 1.00 8.66 966 | Stationary.
56 " " 1.78 7.70 9.48
63 " " 1.36 8.44 9 80
1 " “ 1.39 7.61 9.00
78 | CaCl2 a/,nd parathyroid | 2.06 7.70 9.76 | Healing.
gr. 1/10
85 | Parathyroid only 10.1 | 10.1 Healed.
100 " " - 10.4 104
Case 4.—Male, aged 58. Treatment and progress :
-~ ‘é Ca mg. p.c. serum.
o2
:.E Treatment. Progress.
R § gg?g Ionic. | Total.
& .
0 | Before treatment 3.50 5.51 901
CaCl2 inject. gr. 1 and | 3.08 6.01 9.09
thyroid gr. 23 .
10 Ditto 2.28 6.35 8.63 | Slow improve=
~ ment.
21 Ditto 3.18 6.30 9.48
28 Ditto 1.54 8.26 9.80
35 Ditto 1.65 7.35 9.00
41 | Parathyroid only,gr.1/10| 1.14 8.26 9.40 | Stationary,
49 " " — 10.1 10.1 Rapid im-
provement.
56 e " — | 104 |104
64 . " — 10.4 10.4
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Case 5.—Male, aged 30; old wound of leg, broken down and
ulcerated. Treatment and progress:

.._g ( Ca mg. p.c. Serum.
L Q
25 Treatment. Progress.
=] Com- s
& bined, | Tonic. | Total.
0 | Before treatment 2.89 5.75 8.64
13 | CaCle2 inject. gr.1 and { 2.13 7.35 9.48
thyroid gr.24
18 Ditto 2.66 6.35 901 | Improving.
25 Ditto 273 | 630 | 903 .
32 Ditto 154 8.25 9.80 Stationary.
40 Ditto 1.59 8.26 9.78
46 | Parathyroid only, 114 8.66 9.80
gr. 1/10, from 43rd day
54 1.01 8.98 9.99 | Improving.
61 — 10.4 10.4
69 —_ 10.4 10.4 Healed.

Case 6.—Female, aged 30; varicose eczema. Before treat-
ment the total calcium content was 10.77 mg. p.c. serum
(combined, 2.69; ionic, 8.08). On the eighth day of treatment
by parathyroid only, gr. 1/10, the combined calcium was 1.90;
ionic, 8.00; total, 9.90 mg. p.c. serum. The irritation was lost
after a week’s treatment.

Case 7.—Male, aged T4; varicose ulcer of four years’ standing.
Before treatment the total calcium content was 9.70 mg. p.c.

" serum (combined 3.10; ionic, 6.61). On the eighth day of treat-
ment by parathyroid only, gr. 1/10, the total calcium was 9.17
mg. p.c. serum (combined, 1.09; ionic, 8.08); on the fifteenth
day the total was 9.32 mg. p.c. (combined, 0.66; ionic, 8.66). The
ulcer was healing well, and the patient was up and at work.

Case 8.—Female, aged 64; three ulcers, each the size of a
five-shilling piece ; erysipelas and a thrombosed vein. Before
treatment the total calcium content was 9.98 mg. p.c. serum
(combined, 2.71; ioni¢, 7.27). On the fifteenth da, of treat-
ment by parathyroid only, gr. 1/10, the ionic calcium was
10.1 mg. p.c. serum. The patient was completely healed in
ten days.
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DISCUSSION.

Dr. DALk asked whether any reasons were known why
the calcium ion concentration of the blood was so closely
related to ulceration. In reply Dr. GrRove said that he
knew of none, but regretted the absence of Mr. Vines,
who had been more connected than himself with the
theoretical aspects of the work. Dr. DaLe also asked
whether any investigations of the effect of ulceration on
the clotting time of the blood had been made. Dr. Grove
replied that none had been made. Dr. Dale further drew
attention to the difficulty of obtaining parathyroids from
sheep and oxen. This was confirmed by Dr. MarTIN,

Dr. Crark asked whether similar changes in the calcium
ion concentration of the blood took place in septic con-
ditions, On this, again, no work had been done.

ANAPHYLATOXIN.

BY

H. H. DALE, C.B.E,, M.D,, F.R.S,,

Head of the Department of Biochemistry and Pharmacology under
X the Medical Research Council.

(Abstract.)

It is generally agreed that anaphylaxis is due to the
formation of an antibody which combines with reinjected
antigen. One theory attributes the symptoms caused by
the reinjection to the occurrence of this combination in
the cells. According to this view antibody in the blood is
protective. The other theory supposes that union of
antigen and antibody in the blood causes the formation
there of a toxic substance, anaphylatoxin. Many methods
of imparting such toxicity to guinea-pig’s serum have been
found, most of them having little direct relation to
anaphylaxis. Dale and Kellaway have examined _the
nature of the change taking place in serum when it is
rendered toxic by incubation with starch agar, etc. They
find no evidence of protein cleavage, nor any change of
viscosity or surface tension corresponding to the appear-
ance of the toxicity. ‘ Anaphylatoxin™ does not act
directly on plain muscle, as it should in theory, but it
acts by producing changes in the blood of the nature of
the changes which precede clotting. An animal can be

rendered immune to * anaphylatoxin ” by a subfatal dose,
and its serum will transmit this immunity to another
guinea-pig; but this guinea-pig, if previously anaphylactic
to an antigen, retains its sensitiveness unimpaired.

Excess of antibody added to the saline bath in which
anaphylactic plain muscle is suspended will protect if
from the antigen. The author regards the similarity of
the symptoms produced by *anaphylatoxin” to those of
the true anaphylactic reaction as superficial and mislead-
ing, and adheres to the theory which attributes anaphylaxis
to antibody located in the cells.

OBSERVATIONS ON CERTAIN ELECTRICAt‘
SIGNS OF THE HUMAN BODY.
(Preliminary Nole.)

BY
M. C. POTTER, M.A,, Sc.D,,

Professor of Botany, Armstrong College, Newcastle-u pon-Tyne.

Ox a former occasion ! it has been shown that an E.M.F.
amounting to 0.5 volt is developéd when cane sugar is fer-
mented through the action of yeast. As is well known,
this reaction takes place in two stages: first the inversion
of the cane sugar by means of invertase, and secondly the
conversion of the glucose and laevulose into alcohol and
CO,.  In both these reactions an E.M.F. is developed. In
the inversion of the cane sugar the E.M.F. was 0.03 volt.
It may be objected that the E.M.F. developed in the
second stage is due to the bubbling of the CO, through the
fermenting liquid. But no such objection can be raised in
the case of the inversion of the cane sugar. Hence it
follows that the E.M.F. developed during fermentation
cannot entirely be due to bubbling.
. If we consider the equation

CioHazOun + H20 = CgHi0s + CgHy04

cane sugar glucose laevnlose
from the point of view of energy, we find that the heat of
combustion of the cane sugar is 1355 cal., while that of
the glucose is 677.2 cal,, and of the laevulose is 675.9 cal,
The equation becomes

Cip Hys O 4 Hy0 = Cg Hys Og + Cg Hyp O
1355 cal. 677.2 cal.  675.9 cal.

and it is seen that 1.9 cal. are liberated during the inver-
sion of the cane sugar. The equation, however, is incom-
plete without a cousideration of the electrical energy, and
therefore should be written :
Cio Hae 011+H20 = Co ng O(; + Cc, le Oe + 1.9 cal. +X (EI\IF.)
where X is a constant at present undetermined. There ig
thus a liberation of both thermal and electrical energy.

It will be noticed that the action of the invertase is from
a state of higher to one of lower potential—that is, it acts
as a catalyst through the conversion of potentjal into
kinetic energy. At present synthetic enzymes are un-
kuown, and it would seem improbable that they exist, for
if an enzyme were to act synthetically a supply of energy
would be required for its operation.

Again, it is known that in the formation of a carbo-
hydrate, during photosynthesis from CO, and H,0, thermal
energy is locked up and becomes latent, to be again
liberated when the carbohydrate is broken down, as, for
instance, in respiration or muscular exercige. From the
fact that E.M.F. is also liberated during the breaking
down of carbohydrate, it must now be recognized that
electric energy also becomes latent in the carbohydrate,
and it follows that there are endo-electric and exo-electric
reactions analogous to the endo-thermic and exo-thermic
reactions.

Should this explanation prove correct it follows that all
the variations of E.M.F. in the plant or animal are due to
synthetic or catalytic reactions. The energy utilized in
muscular contraction being principally derived from carbo-
hydrate, it would seem that the E.M.F. developed during
muscular contraction is proportional to the amount of
carbohydrate utilized and further proportional to the work
done.

It has been stated previously that. the arterial and
venous bloods possess a contraiy electrical sign.! Unfor-
tunately, in the experiments upon which this conclusion
was based the air or carbonic acid was not passed through

a strong electric field, so that further investigations are
necessary before a definite conclusion can be reached on
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this point. But, just as the CO, produced in alcoholic
fermentations is ionized,? it i3 only natural to expect that
the CO, liberated during muscular contraction is also
ionized and that the ions are to be looked for in the
venous blood. As there are both synthetic and catalytic
reactions taking place in the human body, some experi-
ments have been initiated to determine the E.M.F. of the
human body and of the breath. In the method adopted
the person under observation stands upon a platform,
insulated by means of ebonite feet, and is connected with
either a Laby-Burton string electrometer or a Wilson port-
able electroscope,
The Body.

The E.M.F. of the body has been found to be subject to
great fluctuations in the same person, and further varia-
tions in E.M.F. exist between different individuals. Thus
in a class of 29 stullents 10 exhibited a negative and 19 a
positive reaction. In the same individual the E.M.F. has
been found to vary from 10 volts negative to 3 volts posi-
tive with certain neutral points. At present it has not
been found possible to construct a curve showing these

_ variations.
The Breath.

The breath has been found to be negative in normal
cases, .

(@) When standing on. the insulated platform and blow-
ing through a glass tube, the drops of condensed breath
were allowed to fall upon a wire connected to the electro-
meter. The electrometer then responded in the negative
direction. An objection, however, can be raised to this
method, as the capacity of the instrument would be
changed. o .

(b) Upon a sheet of paper soaked in melted paraffin two
similar pieces of tinfoil were pressed, opposite to each
other, one on each side. One tinfoil plate was then breathed
upon. The electrometer responded as these tinfoil plates
were made to approach or recede from the electrometer.
The one breathed upon indicated a negative and the other
a positive reaction.

(c) A small glass tube, the edge coated with paraffin, the
inside and outside coated with tinfoil, rested in the hollow

“of a block of paraffin. The inside tinfoil was connected to

the electrometer. When breath was allowed to condense
upon the outside, by blowing through a glass tube, the
electrometer then moved in the positive direction.

The same effects can be observed when platinum is
substituted for tinfoil. Experiments (b) and (¢) show that
small Leyden jars can be charged with the human breath.
The E.M.F. of the breath measured in this manner is
approximately 1 to 2 volts negative.

(d) A silk tassel, when electrified positively by being
drawn through a sheet of rubber, is readily discharged
by the breath; but when electrified negatively by rubbing
with a glass rod it is not discharged by the breath.

Crowded Rooms.

Some attempts have been made to compare the electrical
changes in crowded rooms. Thus an aerial of thin
copper wire has been arranged in a lecture room and
measurements taken of the electrical state of the air
before, during, and after lecture to a crowded audience.
As far as experiments have progressed it would appear
that the air is electrified negatively by the expiration of
thoge present in the room., May it be that electrons in
the discharged breath are to be regarded as excreta ?

REFERENCES,
1Electrical Effects accompanying the Decomposition of Organic
Compounds, Proc. Roy. Soc., B, vol. 84, 1911. 2 Electrical Effects
accompanying the Decomposition of Organic Compounds: II, Ioniza-
tio}n 5;)li’ {agles Gases produced during Fermentation, Proc. Roy. Soc., A,
vol. 91, . .

DISCUSSION. '

Professor A. V. HiLL suggested various control experi-
ments to test the validity of Professor Potter’s explanation
of the electromotive forces he had observed in these
enzyme reactions. For instance, in the case of the
E.M.F. observed between yeast and glucose solution
inside the porous pot and glucose solution outside, one
ought also to inquire whether an E.M.F. was observed
between yeast and & neutral solution (on which it doas not
react) inside and the same neutral solution outside. In
regard to the observations upon the E.M.F. between the
breath and the body, Professor Hill was sceptical as to

how far these were not artificial effects due to the electric
forces which are always present in a large town. He
quoted instances of how his own work had been seriously
interfered with by factors of this kind. He suggested that
the observations should be repeated far out in the country
so-as to avoid such disturbances. 5

.Professor PoTTER, in reply, expressed his gratitude for
these criticisms and suggestions, some of which he had
already carried out. :

On Thursday afternoon Professor Potter gave a practical
demonstration, in the Botanical Laboratory, of the experi-
ments described in his paper. Several members of the
Section attended the demonstration and were much
interested in it. .

THE POISON ORGANS AND VENOMS OF
VENOMOUS FISH,

BY

H. MUIR EVANS, M.D.Loxbp.,

Honorary Surgeon, Lowestoft Hospital.

I BEG to acknowledge the honour you do me in allowing
me to address you on a subject which has interested me
many years. Unfortunately our English textbooks on
medicine contain little reference to the subject, and what
they do contain is mostly incorrect. And even in such
valuable textbooks as the Cambridge Natural History
(1904) we find that the knowledge is not more advanced
than can be obtained by reading Botard’s worlk, published
in 1889. Since that date much work has been undertaken,
and among the most important communications on the
subject are articles by Porta, Kobert, and the chapters
on Poissons Venimeux in Calmette’s work on Venoms.
Experiments on fish venoms have been undertaken by
Briot and others, yet an authority like Professor Ray
Lankester published in 1910 an article én poison wounds,
and stated that the evil effects of wounds inflicted by the
sting-ray were due to the poisonous slime of the skin of
the fish, and also that there was no definite poison sac in
the weever fish. )

From early times the question of true venoms in fish
has been a disputed subject. Aristotle mentions several
dangerous fish, notably Trygon, the sting-ray, and
Scorpaena, but he was not explicit as regards the venomous
nature of the sting, and he made no mention of the weever
as a stinging fish. We first find precise information about
fish with poison organs in the vast compilation of Pliny.
He says Aranaeus (probably Trachinus aranaeus), a kind
of weever found in the Mediterranean, “ carries on its back
a sting which is very dangerous, but there is nothing more
terrible than the sting that arms the tail of Trygon, called
Pastinaca by the Latins, which is five inches long. When
driven into the root of a tree it causes it to wither. It
can pierce armour like an arrow, it is strong as iron, yet
possesses venomous properties.” When we come to the
Renaissance we find Belon, Rondelet, Salviani, and Gesner
possessing exact ideas concerning Trygou, Trachinus, and
Scorpaena. Speaking of Trygon, Pierre Belon describes
the dart at the root of-its tail, which is sometimes double
and triple, with which it pricks those who touch it
carelessly.

Rondelet describes the dart at length. Its margin is
armed with teeth like the teeth of a saw, which enables
the dart to enter easily, but tears the flesh as it is with:
drawn by the backward slant of the teeth. Superstition
and romance surrounded this dart with mysterious attri-
butes. As Sir Thomas Browne quaintly remarks, it is
conceived of special venom and virtues. If buint, and the
cinders applied to the wound in vinegar, it acts as an anti-
dote. It relieves toothache, and helps cases of difficulf
dentition. If attached to the navel of a woman it causes
her to have an easy childbirth, provided it be taken from
& living ray, which is then thrown back into the sea.
Aldrovander endeavoured to shake off the yoke of antiquity,
and adopted the attitude of even modern writers. “1have
searched,” he says, “for a poison organ and have nof
found it; therefore, it does not exist,” and proceeds ta
state: “ These fish are dangerous only on account of the
mechanical wounds they malke and the depths to which their
spines penetrate.” More modern ichthyologists—Sonnini,
Lacepede, and Cuvier—deny the presence of poison glands
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in fish. Lacepede on every possible occasion denies the
existence in the sting-ray, weever, scorpaena, plutosus, and
muraena of apy poison organ, and-just as energetically
Cuvier supports him, but allows that the pricks of certain
fish are dangerous and produce acute pain. The opinion
of these authors became almost a matter of dogma, and
the works of ichthyology since their time have always
denied the presence of a poison organ in fish.

Towards the middle of the last century Alman (1841)
first described the gland at the root of the spine of the
lesser weever, and his discoveries were widened and con-
firmed by Byerley, Gunther, Newton Parker, Bottard, and
Schmidt. But even Boftard will not allow the sting-ray
to possess a poison organ, and the Cambridge Natural
History states that among the Elasmobranchs the eagle-
rays and sting-rays have barbed serrated spines on the
tail which inflict wounds far more severe than those
caused by mere mechanical irritation, but except the
mucus secreted by the gland cells of the skin, which
may possess venomous properties, no special poison-
forming gland is at present known. Porta a few years
since described a poison gland in the sting-ray, but lis
description and plate does not convince me that he bas
yet correctly observed this very fleeting organ. I will,
however, first show you the poison gland of the spiny dog-
fish, which was first described by myself in February,
1920. I bhave reason to believe that a German investi-

SPINE,

Fia. 1l.—Section of spine of siing-ray (diagrammatic). Each
groove is filled with a, alveolar cornncctive tissue; B, pigment
layer; ¢, epithe'ial layer, which consists of columnar and ovoid
cells which secrete a venom which is discharged on to the tip of
the teeth. .

gator has written on that subject, but in spite of many
efforts [ have been unable to get on the track of his paper,
which was referred to by Kobert as about to be published.

Fish inflict wounds by means of poison spines developed
in connexion with their fins, usually the dorsal fin or with
the gill cover or operculum. In certain Siluridae there is
an axillary gland situated near the base of a pectoral
spine, and in the plaice there is & spine situated ventrally
which is reputed to be of a venomous nature. Tle spines
at the root of the tail in sting-rays is in some cases
developed apart from a fin, but tliere is reason to believe
that in these cases it represents a fin, and, so to speak,
takes its place. Bottard described three types of spines,
but recent work brings the number up to six. Starting
with the earliest type of fish, we have two lkinds found
among the Elasmobranchs.

Taking the spiny dogfish or spur-dog, we have a
curved spine in relation to the auterior margin of its
dorsal fins which is grooved on the posterior aspect
extending a variable distance from the bage. This groove
contains a glandular structure, extracts of which can be
proved to be venomous. The dart growing at the root of
the tail in the sting and eagle rays is more or less flattened,
and the lateral margins ave serrated with teeth projecting
towards the base. Facing the tail the spine has a central
ridge, and a groove on either side exists between this ridge
and the serrated margin. Inthese grooves lies a glandular
structure.

In the bony fish the class Scorpaenidae contains several
fish with poison glands, among which the weever is the
best known type. Hero we have the dorsal fin with
spinous rays grooved anteriorly and posteriorly, and
sheathed. At the bottom of this sheath is a definite
poison gland. At the posterior margin of the gill cover is
a more formidable spine deeply grooved above and below,
and also surrounded by a sheath, which only exposes a
small portion of the tip. At the base of the sheath lying
partly in a bony, conical cavity. partly only surrounded by
soft tissue, is’ a pear-shaped gland. In Synanceia the
poison organ is still more developed. Each dorsal spine is

in its terminal half provided with a deep groove on either
side, at the lower end of which lies a pear-shaped bag con-
taining milky poison, the sac of which is prolonged into
a membranous’ duct lying in the groove and open at its
point. Finally, we have the perfected organ of Thyllasso-
pliryne, in which the operculum and two dorsal spines are
the weapons. The former is narrow and styliform, and
perforated from its base to its extremity, like the venomous
fang of a snake. A 'sac at the base of the spine discharges
its contents through the apertures and the canal in tlie
interior of the spine. )
Theinjection into roach of filtered glycerin extract of the
gland substance obtained by scraping the groove of a dog-
fish’s dorsal spine gave the following results: In most cases
there was a period varying from ten to thirty minutes
in which the fish lay quiescent, and during this period
the respirations became very rapid, from 120 to 140 per
minute. The general symptoms usually then subsided,
but locally swelling and oedema occurred at the site of
injection and the scales became erect over this area; no
suppuration occurred. The fish, however, seemed ill, as it
lost its pale colour and becatne dark and dull-looking, like
fish allowed to remain too long in a live-bait can. In
three fish I have observed definite symptoms of local
paralysis of a spastic nature. The fish swam lying on the
side of injection or else swam towards the inoculated side
owing to the excursions of the tail taking place away from
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F1a. 2.—Section of spine of spur-dog or picked dogfish
(diagrammatic).

the lesion. The fish were curved sharply towards the
site of inoculation. In one fish I noted muscular spasms
extending upwards from the tail and in another complete
paralysis involving all the body to the level of the pectoral
ting. Death appeared to be due to respiratory failure, and
locally there was a pink oedema; but no haeworrhages,
local or general. .

Compare with these effects the action of weever venom
on a goldfish as described in my paper in the Bririsa
MepicaL JournaL, 1906. It produces a local mortification
of the tissues. When injecled into the region of the
lateral line, the {isli is sharply bent away from the lesion
on account of the predominant action of the lateral
muscles of the opposite side. Post-morfem examination
showed extravasated areas of blood at the site of in-
oculation, necrosis of muscle, and great congestion of the
peritoneum. In mouse and guinea-pig inoculation under
the skin of the back produced paralysis of the hind-
quarters and similar local lesions. The haemolytic pro-
perties of this venom have been fully studied. It pro-
duces haemolysis without the addition of heated serum,
but if it is mixed with glycerin and filtered through filter
paper or through a porcelain candle, Lieated serum must
be added to produce haemolysis, .

Instudying the paralytic effect of weever venom on white-
blood corpuscles or the lencotoxic effect I have modified
Wright's method of determination of opsonin. In making
these experiments I took a volume of washed corpuscles,
plus seram, plus a bacterial emulsion of Staphylococcus
aureus, and a volume of salt solution in one capillary tube,
and in the other the wasbed corpuscles, serum, bacterial
emulsion and salt solution containing a drop of vemom.
After incubating for a quarter of an hour, the white cells
in the poisoned tube, when stained in a film by Jenner's
gtain, showed vacuolation, deficient staining, and a marked
diminufion in the phagocytic action, 25 per cent. fewer
bacteria being present in the count. As the bacteria
stained equally well in each film, there was no reascn to
assume that this was due to bacteriolysis and not to a
paralytic effect on the white cells. Considering how
frequently secendary septic inflammations result from
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the sting of these fish, these experiments would show
how readily the barrier of phagocytosis may be broken
down and the pathogenic organism from the dirty skin
may find an entry into the system.

Treatment.

The question of treatment is of considerable importance,
and the various empirical methods recommended are
worthy of study. The fallacies of empiricism are not
limited to the lay public, and a superficial reasoning is
‘vesponsible for some of the methods in vogue even by the
profession. For example, the injury is called wcever
sting ; the ant’s sting is supposed to be due to formic acid
—which is certainly open to doubt—therefore ammonia,
being an alkali, will counteract the acid sting of both ant
and weever. It is the natural tendency for a person when
injured to look round for something handy to apply.
Among the natives of Mauritius and Reunion, where a
similar stinging fish, the Synancia, frequently injures the
feet of the fishermen, the natives fly to the leaves and
‘'seeds of plants growing by the seashore, in the same way
as a person stung by a nettle flies to a dock leaf. Thus we
find a local specific in the root and leaves of the datura,
.belonging to the family of Solanacea used by these natives,
‘not without effect, in soothing the pain, but probably in an
'entirely empirical fashion, as the datura grows in abun-
dance on the dry sand of the shore.

Among the plants employed in an empirical way to cure
1the prick made by the fish the seeds of Abrus precatorius
seems, according to Bottard, to have the virtue of a specific.

;. We are familiar with abrus or jequirity seeds as a remedy
i for certain chronic eye diseases; a toxin,abrin,derived from
!it has been shown to possess the characters of the toxins
'of diphtheria and tetanus, to which are allied the toxins of
isnake and various other animal poisons. It dissolves red
"blood cells, and bas also a neurotoxic effect. Why should
jone toxin be a cnre for the symptoms produced by another
toxin?
[ To investigate this point I made experiments on haemo-
lysis with weever venom, using various strengths of a
‘solution of abrin in the mixture of washed corpuscles and
'venom. I found a definite diminution of haemolysis in
'those tubes containing abrin which appeared to ke due to
its powerful agglutinative action. Some experiments on
small laboratory animals were not encouraging, as the
‘toxic effect of abrin overshadowed any neutralizing effect
on the poison.

To come to the local methods of treatment. We find
that the fishermen have acted on the line of heat. The
most frequent remedy is to plunge the part into boiling
vinegar; another plan is to hold the affected limb over the
funnel of the boiler which, in a smack, drives the donkey
engine. A third plan is to apply heat vicariously by
throwingjthe offending weever on the fire, with what results
I am unable to state, Sometimes they soak a piece of
brown paper in vinegar, let it dry, and, wrapping the paper
round the finger, apply a light and let the paper gradually
smoulder until the heat becomes no longer bearable. The
effect of Leat, no doubt, would tend to destroy the venom.
Another not infrequent treatment consists in cutting out
the fish’s liver and applying it to the wound. Here
‘again we are approaching a scientific treatment by an
empirical method. We have it recorded that serpent’s
‘bile appears to be an antidote to serpent’s venom, and also
that a preparation of snake’s liver is of value in the treat-
ment, not only of snake-bite, but also of some disease
toxing, as of tetanus and diphtheria. It is probable the
efficiency of the liver preparation is due to the chole-
‘sterin it contains. The BriTisE MEDICAL JoURNAL of 1906
records two cases of tetanus treated successfully with in-
jections of cholesterin, and it has been established by
Preston Kyes that cholesterin markedly inhibits haemo-
lysis by cobra venoms and cobra venom lecithin. It also
inhibits haemolysis by arachnolysin.

When we come to the best methods of destroying the
active properties of venom we find that,- as with snake
venoms, potassium permanganate, chloride of lime, and
chloride of gold destroy the venom rapidly, and I have
suggested that all smacks and drifters ghould be provided
with a Lauder Brunton snake-bite lancet (which at one
end contains potassium permanganate crystals), so that
& really efficient remedy may be at hand. Both practical
and experimeuntal treatment by this method have been

shown to be accompanied with the best results,
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The method I now employ with immediate success, both
as regards relief of pain and toxic after-effects, is to inject
several minims of a 5 per cent. solution of potassium
permanganate (which I have kept in sterile ampoules,
provided by Brady and Martin of Newecasile) into the
punctured wound with a hypodermic syringe. In these
days of rustless necdles this method can also be recom-
mended for fishermen; with such needles and the solu-
tion in ampoules there need be no more septic hands
and amputated fingers, the result of injuries produced
by fish venoms,

DISCUSSION.

Dr. H. H. Ditg, in thanking Dr. Evans for his most
interesting paper, congratulated him on the enthusiasm
and energy which had enabled him to to find time, amidst
the arduous duties of general practice, to carry out these
most important researches. He also complimented Dr.
Evans on the beautiful series of microphotographs which
had been shown by the lantern. In particular, he ex-
pressed much curiosity as to why a meshwork of pigment
was found in the cells where the secretion of poison
takes place.

Dr. Here asked for reasons why immediate velief from
the sting of the eagle ray was obtained by local injection
of potassiun permanganate and formol.

Dr. Evans attributed it to the destruction of the tox-
albumins (which are very labile) either by oxidation—in
the case of potassium permanganate, or by reduction—
in the case of formol.

PHYSIOLOGY OF ORAL HYGIENE,
BY

J. SIM WALLACE, D.Sc., M.D.,
Formerly Lecturer on Dental Surgery and Pathology at the
Loundon Hospital.

To understand properly the physiology of oral hygiene it
is necessary to refer briefly to the physiology of mastica-
tion, for, although the chiet function of mastication is the
preliminary preparation of food in order to facilitate its
digestion, it has a secondary function in that when suit-
able foods are masticated it cleans the teeth and facili-
tates the action of tle saliva in doing likewise. It shiould
be noted, however, that many foodstuffs which are con-
sumed at the present day are hardly subjected to the
process of mastication at all. The food is simply taken
into the mouth, receives a general squash between the
teeth, or between the dorsum of the tongue and the hard
palate, and is then swallowed. This method of mastica-
tion, if mastication it can be called, is as a rule adopted
for custards, fine meal porridge, soft puddings, and soft
non-fibrous foods generally.

When there is a certain amount of crisp, spongy, or
fibrous matter in the foodstuff, then the process is
essentially different, and mastication is performed in a
more thorough manner. In this latter case the food is
crushed and torn between, and heaped on to the masti-
cating surfaces of the teeth by the muscular contractions
of the tongue, cheeks, and lips, and by the motions of the
lower jaw. During comminution between the teeth, the
juices of the foodstuffs, the saliva which becomes incor-
porated, and the suspended non-fibrous part, are pressed
out from the fibres and gradually collect during the
process on the middle of the dorsum of the tongue, which
is gradually hollowed out for the reception of such food,
and this part is then swallowed. The fibrous part of the
food, however, is subjected again and again to the crushing
and disintegration between the teeth. The rubbing of the
food on the teetl, the motions of the tongue, lips, cheelks,
and mandible materially aid in the mechanical cleansing
of the teeth and gmins provided suitable food for this
purpose is eaten. When for any reason mastication is not
performed on one side of the moutl, the teeth on that side
become coated with mucus, tartar, and food débris. It is
evident, therefore, that mastication of fibrous food is
conducive to dental hygiene. .

Now let me direct attention more particularly to mucus

~and saliva in regard to oral hygiene. I shall do so at

some length because the subject is' not referred to in
physiological textbooks. Physiologists hardly seem even
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yet to realize that oral hygiene is a physiological process,
and that all the glands opening into the mouth, together
with their secretions, are specially adapted for the main-
tenance of oral hygiene, and that these secretions are
scarcely, if at all, of importance for any other function.

Mucus.

From the point of view of the oral hygienist, the sup-
posed function of the mucus for lubricating the bolus of
food so as to facilitate its pssage down the oesophagus is
whimsical, for inasmuch as the function of mastication is
to comminute the food, and reduce anything in the nature
of a bolus to a liquid or semi-liquid state before it passes
to the back of the dorsum of the tongue, there is no bolus
to lubricate. The mucus and saliva are thoroughly incor-
porated with the focd, and consequently the semi-liquid
food does not require lubrication. Just as the function of
the mucus in the bronchial tubes is to keep these tubes
clean, so the essential function of the oral mucus is to
keep the mouth clean. Mucus is a liquid, tenacious and
ropy in its nature, which under- certain circumstances
clings to hard subslances. Chemically, perhaps, its best-
known characteristic is that it forms a flocculent pre-
cipitate when treated with acids. These properties of
mucus are well known. The following quotation from the
work of Professor W. E. Gies and his collaborator, Dr.
Lothrop, will indicate some further characteristics:

¢ Mucin occurs in saliva, and apparently also on dental sur-
faces, primarily as acid salts in concentrated colloidal solution.

When viscid mucinous coatings are treated with basic material,
such as carbonate of an alkali or an earthy element, the mucin

mass becomes superficially more smeary and slippery by reason
of the production of more soluble mucin salts at the surface. |

Complete mechanical removal of & mucin plague from a tooth.
is facilitated by the addition of a basic material that renders
the mucin superficially more viscous, but the slippery surface
thus produced may make the application of considerable fric-
tion necessary for the detachment of the plague. On the other
hand, when & viscid mucinous deposit is treated with acid
material, thie mucin mass is completely disintegrated by a
curdling or agglutinative process, the particles are devoid of
adhesiveness to smooth surfaces, stickiness disappears because
of the precipitation of caseous mucin itself, and the entire
disorganized mass may be readily flushed away.”

A consideration of these properties of mucus leads us
to the conclusion that it is quite ingeniously suited for
keeping the mouth free from the undue lodgement of food
particles, when the foods are not converted by artificial
means into some bland pap-like form which stultifies
efficient mastication, negatives *considerable friction,”
and precludes the possibility of its being disintegrated so
that it may be readily flushed away. It matters but little
whether the chemical reaction of the food is neutral or
alkaline, for dur.ng the mastication of food the saliva
becomes alkaline if in its resting state it is acid, and the
slippery state of the mucous coating on the teeth (and
gums) is assured, while the ropiness of the mucus is left
unimpaired.

On the other hand, if the food is more acid than can be
neutralized by the copious flow of alkaline saliva, which it
stimulates, the mucous films themselves are disintegrated
and easily removed by the saliva and mucus after the acid
has been swallowed. Thus, then, the mucus has not only
the power of facilitating the removal of food particles and
shreds which have been disintegrated by mastication, bu
it has also, under certain dietetic conditions, the property
of being disintegrated and carrying its own disintegrated
self away. Under unsatisfactory dietetic conditions—
that is, when the food is habitually alkaline and so soft as
not to stimulate mastication—the mucous coating on the
teeth may remain too long, stagnate, and become infiltrated
with $'ie salts of the saliva; that is to say, tartar may be
formed ; or, if the food is of a carbohydrate nature and of
a sticky character, it may be rapidly converted into lactic
acid by bacteria, decalcification of the enamel may take
place, and dental caries may be initiated. Should, how-
ever, the mucus not be saturated with carbohydrates of
an impermeable and easily fermentable nature, the bacteria
of the mouth slowly disintegrate the mucous coatings on
the teeth and facilitate its removal on those surfaces of
the teeth where it has not been removed by disintegration
or considerable friction. It is quite possible, too, that the
ptyalin in the saliva may digest the carbohydrate radical
in the mucus, just as trypsin does. Why, otherwise,
should we have a.saliva rich in ptyalin poured out when
sugar is taken in the mouth ?

. When we consider these facts wo see that mucus is
ingeniously devised for oral hygiene, and it is not devised
for the lubrication of the bolus of food to facilitate its
transmission to the stomach, nor is it devised, as has been
suggested, to keep the numerous boluses of food in the
stomach from the action of the hydrochloric acid, so that
the ptyalin may have a chance of converting the starch in
the boluses. Indeed, it seems much more probable that
the thorough incorporation of food with mucus facilitates
the penetration of the hydrochloric acid throughout the
who!e of tl‘le contents of the stomach after a meal, and
possibly this is one of the reasons why a meal of such a
physical consistency as demands mastication is more
quickly and satisfactorily digested than a meal of a similar
nature which has been reduced to a pap-like forin before
it is taken into the mouth.

Saliva.
_ It seems to me more than probable that physiologists
will require to reconsider their teachings with regard to
the function of the saliva. Hitherto they have looked
upon it as the first of the digestive juices, and the salivary
glands have been regarded as the first of the digestive
glands. Some physiologists realize that the digestion of
starch is not tZe function of the saliva; at least Professor
Noél Paton considers that its more important function is
mechanical (to facilitate speaking, eating, etc.). I shall
try to indicate what the function of the saliva really is,
but if we have not discovered the function of the saliva
surely the sooner physiologists set about discovering it
the better. For quite a ‘number of years I have studied
physiological problems because of their importance with
regard to human welfare, and have come to the concluston
that to all intents and purposes the saliva is not a digestive
juice, but that it is practically wholly for the purposes of
oral hygiene. The older physiologists based their ideas on
the fact that ptyalin has the power of converting cooked
starch into achrodextrine and maltose. But many ques-
tions arise which would appear to throw considerable
doubt upon regarding this as the chief function of saliva.
That the digestion of uncooked starch is practically
negligible is admitted by them ; indeed, we are told that
ptyalin does not digest uncooked starch (Halliburton,
F. A. Bainbridge and J. Ackworth Menzies). If this be so,
we may ask why ptyalin exists in the saliva of animals at
all? 1s it conceded that the saliva is not a digestive juice
in avimals? Again, it has never been confended that
ptyalin digests sugar, but sugar stimulates a relatively
violent flow of saliva rich in ptyalin, Why, too, should
ptyalin exist in the saliva from birth, as we are told by
some physiologists ? Oral hygiene is no doubt necessary
with a milk diet, but are we to believe that ptyalin is there
to digest starch which normally is not present ? ;

Again, why is starch, immediately it has been masticated
and mixed with the saliva, transferred at once to the
stomach, where the conditions are so frequently such that
the digestion of starch by the ptyalin is immediately
arrested, or if it is not immediately arrested, it soon
becomes so? Physiologists have, of course, long recog-
nized this supposed delinquency of Nature, and attemp?s
have been made to explain how ptyalin may have some
reasonable time to digest starch before the contents of the
stomach become sufficiently acid to arrest the action of
ptyalin. Thus, for example, some physiologists (Bain-
bridge and Menzies) say: “The food, after a meal is talken,
forms a compact mass in the stomach, and the hydro-
chloric acid of the gastric juice penetrates comparatively
slowly into this mass.” It is only, of course, a pure
supposition to say that the food forms a compact mass in
the stomach; nevertheless, they evidently imagine not
only that the food passes down the oesophagus in bolus
form, but that the various boluses become one glorified
bolus in the stomach.

It is significant that these physiologists never seem to
refer to the fact that the contents of the stomach may be
acid from the very beginning of a meal. A meal may
commence with acid hors d'oeuvre, the bit of fish which
follows may be served with lemon juice, meat may be
eaten with salad well seasoned with vinegar, and stewed
or raw fruit or both may complete the meal with a further
supply of acid, while acid mineral or alcoholic beverages,
which are sometimes supposed to stimulate digestion, may,

and very frequently do, accompany the meal at various
stages. Nevertholess, I do not know that we are told
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that acids taken in these ways jnterfere with the diges- |

tion except among dyspeptics. Indeed, Professor Pavlov,
speaking of the reaction of the food, says: ‘It is apparent
that acidity enjoys a special preference in the human
taste. . . . These facts are all physiologically compre-
hensible when we know that an acid reaction is not
only necessary for an efficient action of the peptic ferment,
but is at the same time the strongest excitant of the
pancreatic gland.”

Another point on which there seems to be confusion is
with regard to the medium most suitable for the digestion
of starch. According to Bainbridge and Menzies, *“the
digestive action of ptyalin on starch is most energetic in
a neutral medium.” According to Foster, * the action of
saliva on starch is favoured by a slightly alkaline
medium.” It is curious how this is always referred to
as if the slight difference in the reaction of the saliva
were really of considerable importance in digestion. I have
frequently tested the reaction of saliva between meals, but
certainly am unable to draw the inference that the lique-
faction of starch is at all influenced in any practical way
by the reaction of such saliva. On the other hand, the
fact that the saliva becomes very distinctly alkaline when
food is eaten, and for some considerable time after it is
swallowed, seems to the older physiologists unworthy of
being mentioned.

To us who think that oral hygiene should be at least as
common in man as it is in animals, all these apparently
confusing and inexplicable facts have a simple explanation.
The marked alkalinity of the saliva when food is taken
hag a significance in that it is important that it should
have that reaction while the mucus is specially required
for removing food particles from the mouth. TIf the saliva
were sufficiently acid the mucus could not function in
this way. Moreover, the acids which so commonly
accompany foods might decalcify the teeth. On the
other hand, the reaction of the saliva between meals is of
practically no importance at all, because the conversion of
starch in the mouth into soluble starch proceeds to all
intents and purposes sufficiently satisfactorily, whether
the caliva be neutral or faintly acid, or faintly alkaline to
litmus, It bas been the subject of much contention,
possibly on account of its lack of importance, whether
acidity or alkalinity of the saliva was the more unfavour-
able to the inception of dental caries. The slight acidity
of the saliva between meals may be important because of
its favouring the liquefying rather that the acid-forming
bacteria, but the greater power of an alkaline saliva in
neutralizing acid formed by bacteria may at least equally
help to prevent caries. The point is not settled.

Towards the beginning of this paper I snggested a use
for the ptyalin when sugar is taken into the mouth, and to
those who appreciate why sugar is liable to cause dental
caries the reason for a copious flow of saliva when sugar
is eaten is obvious, Similarly, the desirability of a copious
flow of alkaline saliva when acids are taken into the
mouth is equally obvious if we value the preservation of
the teeth; but why an alkaline saliva should be thought
desirable for digestion if acid is “necessary for the efficient
action of the peptic ferment, and at the same time the
strongest excitant of the pancreatic gland,” I fail to see.

While we are regaled with the importance of ptyalin for
the digestion of starch, little is told us of the functions of
the salts in the saliva, but they, too, are obviously of
importance from the point of view of oral hygiene and
the preservation of the teeth. Dr. Joseph Head made the
important observation that when the superficial layer of
enamel of the teeth has been slightly softened by acid
this enamel can be rehardened by immersion in saliva,
“and thus it would appear that the salts in the saliva have
an important restorative value as well as being prophylactic
in function with regard to dental caries.

The saliva contains something more—amoeboid phago-
cytic cells, the so-called salivary corpuscles. They may
be regarded as the scavengers of the mouth, and, as far as
'we can surmise, their function is simply oral hygiene. We
are told that they are probably derived from the tonsils
(Halliburton), and, although we might expect that
lymphoid cells derived from the tonsils would pass down
ti,xe throat rather than come forward and mix with the
saliva, I at least have not seen reference to any experi.
ment or observations to excuse the idea that they come
forward into the mouth. The late Professor G. V. Black

made a careful examination of the lymphatics surrounding
the necks of the teeth, and refers to a portion of the con-
nective tissue in immediate conjunction with the tooth,
which is not covered by the epithelium, and says: “If
seems to be through this space that the cells—the so-called
salivary corpuscles found under the free border of the
gingiva—pass.” “These may be found at any time under
the healthy gingivus, and their numbers are augmented
with every irritation of the membrane.”

It has always appeared to me that the only satisfactor
method of controlling the bacteria in the sulcus betweeg
the gingival margin and the tooth is by means of these
phagocytic corpuscles. If we admit that the salivary
corpuscles exude primarily into this sulcus, we observe
at once their importance in oral hygiene, and—in passing,
it may be said—the value of masticating food of such
a nature as will cause an irritation, or rather stimulation,
of the periodontal membrane, and thus assure a sufficient
supply of these scavengers and thereby prevent the onset
of pyorrhoea.

All things considered, it appears that the function of the
saliva is, par excellence, oral hygiene, and no matter
whether the fcod passes into the mouth and down the
oesophagus in the ordinary way or whether the food
passes up from the stomach and out of the mouth, it may
in general be said that the saliva is secrcted in quality and
quantity proportionate to the needs of the food, to expel
the food as completely as possible from the mouth. I need
hardly mention that although a copious flow of saliva is
induced by vomiting, even physiologists of the old school
could scarcely claim that under these circumstances the
saliva was to be regarded as the first of the digestive
juices.

I have put forward the preceding observations to induce
physiologists to take up this subject, and to give an
authoritative lead. For without this the rank and file of
the medical profession cannot be expected to teach the
public the new ideas with regard to oral hygiene con-
sistently, and until the function of the saliva is properly
taught the valuable work which has been and is being
done by medical officers of health and health workers will
have but little chance of achieving its beneficent results.

. DISCUSSION.

Dr. DALE expressed his appreciation of the research
which is being done by dentists upon the physiology of
oral hygiene. Although physiologists (he continued) do
not believe the zymolytic function of ptyalin as impor-
tant as Dr. Sim Wallace supposes they do, yet in
depriving ptyalin of any importance as an cnzyme
Dr. Sim Wallace leaves 1t with no definite function af
all. In considering the origin of dental caries more im-
portance should be attached to dietetic deficiencies in
early life than to the cleansing action of saliva. Nor
can the latter factor easily explain why some people
never have to visit a dentist at all, whilst others, in
spite of the utmost care, have to do so frequently.

Dr. Crarx remarked that if the function of the mucag
in the saliva was only a cleansing one, it would be reason-
able to expect that when sand was given to an animal
instead of meat a higher proportion of mucus would be
secreted in the saliva. Actually a more watery saliva is
secreted. The same applies to the quality of saliva
secreted in connexipn with vomiting. It also containg
more water instead of more mucus than normal saliva.

Dr. Six WaLLAcE, in reply, said: My reason for nof
making reference to developmental deficiencies in my paper
was that this has nothing to do with the physioclogy of
oral hygiene. Moreover, oral hygiene is at least as impor-
tant when there is hypoplasia of the enamel as when
there is not. For other reasons the Mellanby experiments
were hardly worth taking notice of. As far as I could
iather the hypoplasia exhibited in these experiments must

ave been in existence before the special feeding of the
puppies was commenced. The crown of a child’s first
permanent molar iy formed five or six years before if
erupts, and no doubt the crown of the corresponding tooth
in a puppy is formed at least six months before eruption.
If teeth show hypoplasia when they erupt, attention should
be directed to conditions existing during the formation of
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the crown, and not to the special feeding after the crowns
are formed. The crown of a tooth does not grow after it
erupts.

Aprelabive lack of fat-soluble A in the food seems to have
no effect whatever- in causing dental caries. Thus it was
found that during the war, when foods containing fat-
soluble A—for example, cream, butter, milk, and meat—
were very scarce or unprocurable, dental caries actually
decreased. In Shropshire there was, indeed, a very re-
markable decrease. Nor is there apparently any relation-
ship between the prevalence of rickets and dental caries.
In England about the same percentage of children have
decayed teeth whether they have had rickets or not. In
America and Australia, where rickets is extremely rare,
dental caries is about as rampant as it is in England.
There is no extraordinary difference in teeth with regard
to resistance to dental caries. Any tooth, whether *good”

or “bad,” can easily be decalcified by lactic acid even’

when it is'weaker than it frequently may be found under
fermenting carbohydrates in the crevices of the teeth.
The enamel, being lifeless, offers no active resistance
whatever. . ,

Often teeth with well-formed and thick enamel are
Bpecially liable to caries, simply because the thicker the
enamel the deeper the crevices, and consequently the more
liable to lodge carbohydrate. This is well exemplified in the
upper later incisors, which never decay on the lingual
aspect except when the enamel ridges are thick and form
a pit or crevice on the lingual surface. Neither are there
racial differences in resistance. The once excellent teeth
of the Kaffirs have become about as bad as those of
Europeans where they have been subjected to European
food. Similarly with the Maoris and our own ancestors,
both had excellent teeth.

The answer to the question of the use of the ptyalin is
simply that it is there to liquefy any particles of starch
which may become lodged in crevices or impacted
between the teeth. When it has done this, so as to

facilitate the flushing away of such starch, it has fulfilled .

its function of helping to secure oral hygieme. With
regard to saliva being watery when sand is put into a
dog’s mouth, this does not run counter to anything I have
said. If a watery saliva is effective in getting rid of the
gand, there is no need for the saliva to contain much mucus.

THE CHEMOTHERAPY OF PYOGENIC INFEC-
TIONS WITH SPECIAL REFERENCE TO
THE ANTISEPTIC PROPERTIES OF
ACRIDINE COMPOUNDS,*

BY

C. H. BROWNING, M.D,, D.P.H.,
Professor of Bacteriology, University of Glasgow,
AND

J. B. COHEN, F.R.S,,

Professor of Organic Chemistry, University of Leeds.

Tae effects of operative and mechanical intervention and
of specific immunization in the treatment of pyogenic
infections are not sufficiently successful to discourage the
attempt to secure additional aid from the use of chemical
compounds. These may act either by stimulating the
tissues of the host or by depressing the virulence of the
infective organisms. There is no certain evidence that
elevation of resistance can be effected by chemical means;
on the other hand, many substances damage the vitality of
bacteria. Hence the search for suitable antiseptics appears
to offer a prospect of success. It has long been known,
however, that the antiseptics commonly employed have
little influence on organisms in contact with the tissues,
pince they act as general protoplasmic poisons, and are
&8s & rule more harmful to the host than to the bacteria.
Accordingly it is necessary to search for compounds with
more desirable properties. Incidentally there is the com-

* The original work referred to here was mainly undertaken under
the auspices of the Medical Research Council. The chemical portion of
the investigation was carried out, in co-operation with Mr. R. Gaunt,
in the Organic Chemical Laboratory, University of Leeds; the bio-
logical part was carried out in co-operation with Miss R. Gulbransen
bt the Bland-Sutton Institute, Middlesex Hospital, and the Pathological
Department of the University and Western Infirmary, Glasgow; and
8pecial work was also done with Drs. W. Gilmour, E. L. Kennaway,
and L. H, D. Thornton.

plex problem of determining what conmstitute desirable
properties, as it is necessary to decide by relatively simple
preliminary tests what substances should be subjected to
therapeutic trial. It appears that one should aim at high
antiseptic potency, especially under conditions as nearly as
possible resembling those which may be met with in'the
body, together with low foxicity for mammalian tissues.
Toxicity may be measured for the animal as a whole when
the substance is injected subcutaneously or intravenously,
and also for particular functions—for example, phago-
cytosis; and for special tissues—for example, epithelial
membranes, such as the conjunctiva—by local application
of the drug. These points may be illustrated by reference
to the diamino-acridine compounds (“flavines”), which
appear to be the most efficient antiseptics from the thera-
peutic standpoint o far investigated by us.

(We were indebted to Drs. Barger and Ewins of the
Department of Biochemistry and Pharmacology of the
Medical Research Committee for the preparation of acri-
flavine and proflavine.)

Antiseptic Potency.

The method usually adopted in defining the value of an
antiseptic is to express its potency as the ratio of the
reciprocals of the sterilizing concentrations of the sub-
stance in question and some standard compound, commonly
phenol. In calculating this ratio the period of contact of
the bacteria with the antiseptic is as a rule limited to a
few minutes. Certain substances—for example, phenol
and mercuric chloride—act rapidly; on the other hand,
there are many powerfully antiseptic organic compounds,
such as those of the dianﬁx%o-%g_ri,djne group and the di- and
tri-aminotriphenylmethane derivatives - (brilliant green,
crystal violet, etc.), which cause death isms com-
paratively slowly; but, short of lethal action, they exert
a powerful inhibitory or *bacteriostatic " effect. ~ Hence
it appeared that the antiseptic value of a substance
intended for therapeutic purposés might be most suitably
gauged by estimating its power of restraining growth and
eventually causing death of tIie organisms, ample time
being allowed for the latter result. Providedthat the anti-
septic is not neutralized in the tissues or that, if so, it can

“be frequently renewed, mere slowness of lethal action as

determined in vitro matters little ; the organisms will be
controlled from the beginning.

Accordingly, fluid medium containing the antiseptic in
varying concentration was inoculated with different types
of bacteria, and after the mixtures had been kept for
twenty-four to forty-eight hours at 37° C. the occurrence of
proliferation was examined for by noting whether turbidity
had developed in the inoculated tubes as compared with
the sterile controls, and also the number of viable
organisms present was ascertained with sufficient accuracy
by subculturing a loopful on solid medium. Thus effects
short of total sterilization can be estimated; whereas by
subculturing in fluid medium it is impossible to detect
any degree of action short of complete sterilization. In
addition to a watery solation containing a small amount
of bacteriological peptone (0.7 per cent.), sterile ox sérum,
previously heated for several hours at 56° C., in order to
destroy normal bactericidal power as well as accidental
contaminating organisms, was employed.

Serum may be regarded as a highly sutable test
medium. In virtue of its content in protein it has a
powerful action in reducing the bactericidal effect of most
strong antiseptics (for example, the potency of mercuric
chloride is reduced one hundred times); at the same time
it is very constant in Composifion and reaction,. and it
represents the fluid constituent which antiseptics in con-
tact with the tissues are exposed to; for instance, in a
surgically treated wound.

The test organisms commonly used were Staphylococcus
aureus and B. coli; they represent types whose behaviour
toward antiseptics is liable to differ markedly, a character
which ‘suggests a far-reaching difference in their biology.
Experiments have shown that within wide limits the
efficiency of the antiseptic as tested by the method
described is practically independent of the size of the
inoculum—for example, from 0.000025 to 0.1 c.cm. of recént
peptone water culture per 1 c.cm. of medium. But inocu-
lation with very large numbers of organisms should be
avoided, as these fail to maintain themsclves in the
medium even in the absence of any antiseptic. Under, the

conditions of the test the sterilizing concentration of
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diamino-acridine methochloride (*acriflavine”), as deter-
mined by the modalyalue obtained in an extensive series
of experiments, is for Staphylococcus aureus, in peptone
water 1 in 100,000, in serum 1 in 200,000; for B. coli, in
peptone water 1 in 20,000, in serum 1 in 100,000. The
striking result therefore appears that this substance is not
reduced-in its antiseptic power by serum. As regafds the
bactericidal action in watery medium, relatively small
differences in hydrogen-ion concentration produce marked
alterations in the activity of the antiseptic (see also
Graham-Smith and Davis). Thus by altering the Py
value of the medium from betwsen 4 and 5 to 11 the
sterilizing concentration for B. coli was lowered pro-
gressively from 1 in 2,000 to 1 in 200,000; the value for
" Staphylococcus aureus was affected similarly. As with
other substances, so also in the case of the acridine com-
" pounds, organisms are met with which exhibit selective
resistance—for example, certain atypical members of the
" coli group. It would appear, however, that such resistance
is natural and not acquired, and that acquired resistance
towards the dye, as recorded by Shiga in the case of
V. cholerae, can only be slowly attained by staphylo-
coccus or B. coli, and is not likely to be a serious factor
in causing failure in treatment.

Methods of testing the antiseptic power of acriflavine by
repeated inoculation of a mixture of dye and serum, and
also by adding the antiseptic after growth of organisms
(B. coli) had occurred in the medium, have shown that
rapid exhaustion or deterioration of the antiseptic does
not occur. The latter experiment resembles more closely
than the others the condition met with in treatng an
infected wound. It has been found that a heavy growth
of organisms is sterilized by the subsequent addition of
the antiseptic with as great ease as are a few organisms
added to the medium simultaneously with the antiseptic.
A noteworthy fact is that in repeated tests carried out
with a view to determining the sterilizing concentration,
a certain amount of varlability appears in the results.

Similarly, irregularity in sterilizing action may occur in a -

geries of tubes containing ascending doses of antiseptic.
Thus occasionally concentrations of 1 in 130,000 and 1 in
40,000 may sterilize the mixture, while 1 in 100,000 fails.
This observation corresponds with thatrecorded by Richet
and Cardot on exaggerated variations in the amount of
acid formed in different tubes of whey containing a con-
stant concentration of certain antiseptics when all are
inoculated similarly with a lactic organism. A possible
explanation of such irregularity is that where lethal
effects ave slowly produced, as with the compounds here
considered, there is a critical concentration in the vicinity
of which the balance may be inclined in favour of the
organism or of ths antiseptic by factors which at present
escape complete analysis. - Diamino-acridine sulphate
(proflavine) was found to be practically indistinguishable
from the methochloride in antiseptic action. hen red
blood corpuscles, pus, or minced muscle (Fleming) are
added to solutions of the dyes reduction in antiseptic
power occurs; but Gay and Morrison have found that
acriflavine is more actively bactericidal for streptococci
when - added in vitro to pus from experimental empyema
in the rabbit than it is for the same organism in broth.
In rabbits it is possible by means of intravenous injections
of proflavine, which do not affect the health of the animal,
to render the serum bactericidal for several hours when
tested in vitro with Staphylococcus aureus and B. coli,

Toxicily.

When tested on the animal body as a whole, by sub-
cutaneous injection, it is found that healthy mice of 20
grams w ight will tolerate as a maximum dose 0.003 gram
of proflavine (sulphate) and 0.0006 gram of acriflavine,
whereas mercuric chloride is about ten times more toxic
than the latter. In the case of rabbits 0.05 to 0.07 gram

, proflavine sulphate intravenously per kilo of body weight
is well borne. As the result of an experiment on a monkey
under an anaesthetic (A.C.E. mixture at first and later
ether), for which we are indebted to Dr. Dale, it appeared
that administration at a rate as great as 0.0025 gram per
minute per kilogram of body weight caused some danger to
the heart; under similar conditions this would mean that
an average man weighing 60 kilograms should not receive
an intravenous injection at a rate exceeding 50 c.cm. of a
1 in 330 solution per minute. (It is likely, however, that
in the experiment the susceptibility of the heart was

increased by the anaesthetic.) Doses of 0.33 gram of
proflavine sulphate in physiological saline have been given
intravenously at this rate to adult subjects without un-
toward effects beyond transient sickness. The skin
becomes stained of a yellow tint, which, however, com.
pletely disappears in the course of twenty-four to forty-
eight hours. The dye is excreted by the kidneys, and, as
estimated from the absorption spectra by Dr. S. Russ,
fully & third of the amount administered can be accounted
for in the urine passed during the subsequent two days.
There is also excretion of the substance by the bile in the
monkey.

Proceeding now to the action on cells and tissues,
phagocytic experiments showed that with mercuric
chloride, phenol, iodine, chlorine water, hypochlorites (in
the form of ‘“eusol” and Dakin’s solution) and chlora-
mine-T, the concentration which sufficed to kill bacteria
approached closely to that which 4n witro interfered
seriously with phagocytosis; on the other hand, with
acriflavine and proflavine several hundred times the
bactericidal concentration was required before phago-
cytosis was inhibited. In this connexion recently reported
experiments of Gay and Morrison are of much interest;
using leuncocytes (obtained from the peritoneal cavity of
guinea-pigs after injecting broth) along with streptococeus
culture and antistreptococcus serum, all incubated for two
hours in the presence of varying amounts of acriflavine,
they found that there was a range of concentrations from
1in 6,400 to 1in 128,000 in which the antiseptic had appar-
ently not inhibited phagocytosis and had also sterilized the
mixture. In the controls, containing serum without dye,
the organisms, although phagocytosed, were not killed.
‘With respect to the action on connective tissue in the
human subject, there has been no evidence of any de-
leterious effect when a few cubic centimetres of 1 in 1,000
solution were injected subcutaneously. By contact with
the exposed tissues in a wound the progress of formation
of granulation tissue may after a time be interfered with,
thus producing an inert surface covered by a fibrinous
pellicle, as was first noted by Drummond and McNee.
But the evidence points to this result being brought about
by some auxiliary factors not yet precisely defined, possibly
evaporation leading to concentration of the dye, as sug-
gested by Pilcher and Hull. From the reports it would
appear that the procedures of different surgeons may vary
in details which can hardly be appreciated from written
descriptions, and yet which are of decisive effect as regards
their influence on wound healing. Thus it is a fact that
large wounds may be treated with acriflavine solution
(1 in 1,000) for weeks without disturbance in the development
of granulation tissue or interference with epithelial in-
growth; this has been noted by Pilcher and Hull, and .has
been again recently demonstrated to one of the authors in
a Beries of cases by ‘Dr. Charles Bennett,.

The attempt to correlate anfiseptic action with toxie
effects on connective tissue by means of tissue cultures

in vitro has been made by Lambert. Mueller tested in

this way the flavine compounds and & series of triphenyl-
methane dyes and found that the former were the only
ones which did not require a greater concentration to
inhibit streptococci than to inhibit tissue growth. It is
noteworthy that in the case of brilliant green (tetra-
ethyldiaminotriphenylmethane sulphate), which has not
been credited with the property of inhibiting growth of
granulation tissue by clinical observers, five times as high
a concentration was required to inhibit streptococci as to
inhibit the tissue culture. Hence, ags Mueller concludes,
“it is altogether probable that in the body a greater re-
sistance is shown by the cells, while bacteria, on the other
hand, may offer less, as a result of even a moderate pro-

-tective action on the part of the body against invading

organisms.” In view of the application of antiseptics to
delicate epithelial surfaces, such as that of the urethra,
it appeared important to attempt to estimate irritating
properties. With this object several drops of varying con-
centrations were applied to the conjunctivae of rabbits, so
as to keep the surface bathed for three wminutes. The
result was that the flavines, in relation to their antiseptic
power, were very much less irritating than any of the other
antiseptics already mentioned (concentrations of 1 in 150
of acriflavine and 1 in 50 of proflavine being generally
tolerated without causing irritation), whereas the toleratéd
concentration of mercuric chloride lay between 1 in 250
and 1 in 500,
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It is noteworthy that in the examination of a consider-
able number of commercial preparations of acriflavine no
appreciable differences in antiseptic power have been
detected, but certain specimens were definitely more
irritating than the average. This property may be of
considerable importance in relation to the treatment of
gonorrhoeal urethritis; there does not seem to be any
method of determining it other than the biological test.
Blood coagulation is markedly retarded in vitro, as noted
by I'leming, and confirmed by one of us with proflavine,
as well as acriflavine, but no deleterious effects which can
be ascribed to such action have been met with in the treat-
ment of wounds. Red blood corpuscles—for example, of
man or ox—suspended in 0.85 per cent. sodium chloride
solution are actively agglutinated by acriflavine and lysed
by proflavine, but when serum is present t> the extent
of 50 per cent. by volume a concentration of 1 in 750
of these substances has no such action.

To summarize the results relating to antiseptic power
and toxicity, it may be said that the diamino-acridine

» compounds possess much more powerful bacteriostatic and
bactericidal action in comparison with thsir toxicity for
mammalian tissues than any other substances hitherto
investigated. In addition, they are stable, and do not

become inactive through undergoing chemical changes in |

the tissuss, These, and certain other compounds referred
to later, are the only powerful antiseptics which are not
reduced in their activity by protein solutions such as serum,

Therapeutic Tests.

In the case of certain trypanosome and spirochaete
diseases chemotherapeutic agents of so high potency are
available that a single injection will cure an animal
already moribund. It may be said at once that nothing
approaching this has yet been found for bacterial infections.
But experiments have shown that it is possible by means
of antiseptics, other than Morgenroth’s optoquin, to pre-
vent the development of septicaemia in mice previously
inoculated intraperitoneally with many times the fatal dose
of virulent pneumococei. When dealing with an infection
so rapidly invasive in character it is not surprising that
the antiseptic must be introduced into the peritoneal cavity
within a short period after the organisms. Obviously, the
conditions are not adapted for demonstrating the special
properties of a bacteriostatic agent; thus cures were
obtained with phenol and corrosive sublimate as well as
proflavine. Successful results were obtained only in a pro-
portion of the experiments ; but any positive results of this
nature are important in view of the opinion so widely held
that ahtiseptics only act detrimentally on the infected
animal.

The fact that the antiseptic may prove effective without
itself actually killing the organisms was seen in the case
of an animal inoculated intraperitoneally with a mixture
of proflavine and pneumococeci; it survived and was
examined after a month when a chronic peritonitis was
found with abundant pneumococci on the surface of the
liver. Tt seems reasonable to conclude that the antiseptic

probably acts by reducing the numbers of viable organisms "

or their virulence, 8o as to adjust the balance in favour of
the tissues. In the case of intraperitoneal infection with
V. cholerae in guinea-pigs and mice, similar results have
been obtained (Baumgarten). Many negative results have
been recorded, as in the carefully planned experiments of
Gay and Morrison, who failed to effect cure in strepto-
coccal empyema of rabbits by intrapleural injections of
acriflavine, It is to be remembered in this connexion that
infections in animals seldom show the strictly localized
character which is so common in the human subject;
.generalized® infection is beyond the reach of a locally
acting antiseptic, while, of course, toxaemia which has
once devéloped cannot be influenced by purely antiseptic
substances. However, an agent which fails to check
generalized infection or to influence toxaemia is not there-
fore disqualified for use in local infections. But the
estimates on which reliance must then be placed are
mainly clinical, and these have shown an extreme
divergence. Certain conclusions, however, may he drawn :
(1) that in the handsof many surgeons the flavines when
applied by relatively simple methods enable improved
results to be obtained in the treatment of localized
pyogenic infections; (2) that a similar value attaches to
their use in -acute” gonorrhoea—Dr. David Watson
reports {unpublished) that the statistical records of

8,000 cases support his original estimate of acriflavine
(see also Davis and Harrell); (3) that the flavines
are of particular value in {he prophylaxis of infection—
that is, to prevent the occurrence of inflammation and
suppuration, when -applied shortly after the organisms
have gained access to the tissucs, Thus, cases of war
wounds after excision and the application of flavine
could be transported, with the probability that, although
untouched in the interval, they would arrive at their
destination without manifestations of infection or sup-
puration. This useful prophylactic action has been
variously styled “ cold storage " or * pickling ” of wounds
—terms which are unfortunate, inasmuch as they may
imply that the beneficial effect is limited to this stage. It
is of interest that various clinical observers have agreed

that acriflavine is superior to proflavine in overcoming{

infection. Laboratory tests have not so far explained this
difference. As regards attempts to influence generalized
infection, it is scarcely to be expected that the transient
antiseptic property conferred on the blood serum by an
intravenous injection can have any decisive effect.

Urinary Antisepsis.

The fact that the flavines are excreted in the urine Las
led to investigation of their possible value as urinary
antiseptics. It was found independently by Davis and
White and by ourselves that these substances acted best
when the reaction was alkaline, and that antiseptic urine
was excreted after an intravenous injection. Out of over
two hundred aniline dyes investigated by Davis, White,
and Rosen, only the two flavines, in addition to chloro-
mercury fluorescein, caused the secrstion of antiseptic urine
after intravenous injection. The effect of proflavine
administered in this fagshion was tested in cases of B. cold
pyelitis in children by Dr. Leonard Findlay (unpublished),
who found & very definite effect in the form of diminution
of pus and organisms in the urine for twenty-four hours
following the injection ; also the bacilli became long and
filamentous; but nopermanent result was obtained. More
recently Davis has found that the urine in the human
subject, provided it is alkaline, becomes antiseptic after
the administration of the flavines by the mouth; this is
probably the first time that such an effect has been
attained by a drug.

The Relation between Chemical Constitution and
Antiseptic Action in the Acridine Group.

Diamino-acridine methochloride had been prepared by
Benda for Eirlich and was named ' trypaflavin on
account of its powerful therapeutic properties in experi-
mental trypanosome infections. We are not aware that
its action on bacteria had been tested prior to our work,
although Shiga published almost simultaneously results of
his investigations on its action on V. cholerae. The parent
substance is a compound of the following formula: -

CH CH CH
HC IS AN CH
Acridine a ]

CH
N
6 Y

that is, a combination of two benzene rings and a pyridine.
If the two side wings are removed, a pyridine nucleus
remains; if only one wing is detached a quinoline nucleus
results. It seemed possible that the antiseptic activity of
acriflavine (diamino-acridine methochloride)

CH
HaN qﬂ)ij NHy-HC1

orf N

might reside either in the pyridine or quinoline nucleus
reinforced by one or more amino groups; therefore, sub-
stances of this type were first prepared by one of us (J. B. C.).
In addition, series of acridine derivatives were prepared
and tested for their antiseptic power in order to determine
if possible whether any law could be established relating
chemical structure and antiseptic action within the group.
Also, observations have been made upon phenazine com-
pounds, on account of their close relationship to the
acridine group,
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Fragments of the Acridine Molecule.
The following were tested :

«-aminopyridine hydrochloride.

a-dimethyl-aminopyridine methiodide.

quinoline hydrochloride. .
h(;- n:i p- and a- aminoquinoline hydrochloride and metho-
cnloride. .

8.hydroxyquinoline sulphate, methochloride and metho-
picrate.

tetrahydroquinoline hydrochloride.

methyltetrabydroquiroline methiodide.

a- and B-naphthoquinoline hydrochloride and methosulphate.

tetrahydro- « and g-naphthoquinoline hydrochlorides.

diamino 8-naphthoquinoline and its methochloride.
hydrochlorides of 1.4. and 1.5.naphtho-dipyridine.
1.1.dinaphthyl-2.2.imine.

The striking feature, in general, is the low grade of
antiseptic power shown by these bodies. Thus, the
hydrochlorides of (%uinoline. tetrahydroquinoline and the
aminoquinolines, all failed to sterilize in dilutions exceed-
ing 1 in 2,000, either in peptone water or in serum. The
methochlorides of the aminoquinolines, except in the case
of the ortho-compound, showed accentuation of anti-
septic action in serum as compared with the hydro-
chilorides of the corresponding bases—a characteristic
result which will be discussed when dealing with the
acridine group. The hydrochlorides of a- and 8-naphtho-
quinoline were slightly more active than those of the
bases already mentioned. No striking difference could be
entablished between these and their tetrahydro-derivatives.
Diamino-8-naphthoquinoline also showed no enhanced
efficiency. The methosulphates of both naphthoquinolines
and of diaminoquinoline showed intensified action in
serum. The sulphate of 8.hydroxyquinoline, long known
as an antiseptic under the name of * chinosol,” is ex-
tremely active for Staphylococcus aureus (1 in 400,000
sterilized in peptone water and 1in 100,000 in serum) ; this
contrasts with the slight effect of hydroxy-acridine and
aminoquinoline compounds. On the other hand, it is
remarkable that the methochloride and methopicrate of
the base do not show enhanced action. 1.1. dinaphthyl-
2.2.imine exhibits great discrepancy between its power-
ful action on staphylococcus and lack of effect on B, coli,
which is similar to that exhibited by the triamino-
triphenylmethane compounds, hexa-methyl and ethyl
violet. But the most striking character of dinaphthyl-
imine is the reduced effect in serum; thus 1 in 2,000,000
sterilized staphylococci in watery medium, but 1 in 1,000
failed to killinserum. This is the most extreme reduction
observed in the case of any substance, being twenty times
greater than that effected by serum on mercuric chloride.

So far, therefore, it has not been possible to obtain
fragments of thie molecule which equal or even approximate
closely to diaminoacridine in antiseptic properties,

Acridine Group
The following were tested : :

Hydrochlorides and methochlorides (or-in some cases metho-
gulphates) of acridine. .
S.Ehenylacridine.
J 3 .dimethylacridine.
2.7.diaminoacridine (also the sulphate of this base).
2.7.diamino-3.6.dimethylacridine.
2.7.diamino-3.6.dimethyl-9.phenylacridine.
2.amino-3.methyl-9.phenylnaphthacridine,
2.dimethylaminonaphthacridine.

The following general conclusions may be drawn from
the results: .

Action of the Amino Groups.

The introduction of amino-groups enhances the anti-
geptic potency both for Staphylococcus aureus and B. coli
—for instance, acridine and diaminoacridine; dimethyl-
acridine and diaminodimethylacridine. Thus the steriliz-
ing concentrations of acridine hydrochloride for the two
organisms respectively in peptone water are 1 in 2,000 and
1in 1,000; in the case of diaminoacridine the figures are
1 in 200,000 and 1 in 20,000.

Effectiveness in Serum. .

This is a characteristic of the compounds with un- |

substituted amino-groups, and especially of the metho-
chlorides of these bases. The further introduction ‘into
the diamino compounds of a phenyl group attached to the
medial carbon atom, however, diminishes the action in

gerum ; this is exhibited both in the case of 2.7.dia.miﬁo-ﬂ

3.6.dimethylacridine and 2.amino-3.methylnaphthacridine.
On the other hand, the methochloride of 9.phenylacridine
is much more active than that of acridine,

Comparison of the Antiseptic Power of the Methochloride

and the Hydrochloride of the same Base.

The methochloride (or methosulphate, or methonitrate)
is never less potent than the hydrochloride in the presence
of serum, and in some cases the increased effectiveness
shown by the methochloride is very remarkable—for
example, in the case of 2.7.tetraethyldiaminoacridine, 2.7,
diamino-3.6.dimethyl-9.phenylacridine, 2.amino-3.methyl-
naphthacridine, and 2.dimethylaminonaphthacridine.. Thus
with the first of these bases 1 in 10,000 of the hydro-
chloride sterilizes staphylococei, while 1 in 400,000 is
sufficient of the methochloride.

In the case of the simplest :

member of the amino series, 2.7.diaminoseridine, and also

where the substituents are directly attached to the outer

rings, as in 2.7.diamino-3.6.dimethylacridine, the hydro--

chloride and the methochloride are practically equal in
antigeptic power. It is noteworthy, however, that when
the antiseptic power.of diaminoacridine is diminished by
substitution of ethyl radicals in the amino-groups, the
enhanced action of the methochloride over the hydre-
chloride again becomes apparent. So far na rational
explanation of the enhanced efficacy of the methochloride
has suggested itself. The comparative effects of the hydro-
chloride and the methochloride of the same base in peptone
water show a much less regular behaviour.

The hydrochlorides of certain of the compounds require

the presence of a slight excess of hydrochloric acid in”

order to cause solution—for example, in the case of 9.phenyl- .
acridine and 2.amino-3.methylnaphthacridine; but the -

enhanced effect of the methochlorides over the respective
hydrochlorides is not to be ascribed to the higher hydrogen
ion concentration of the solution of the latter, since the

addition of hydrochloric acid to the methochloride, so as to
produce a solution of similar reaction, did not reduce the .

antiseptic power to that of the hydrochloride.

The Substitution of other Radicals for the Methy!l
Group in Diaminoacridine Methochloride.

The following were examined: Ethyl, propyl, n- and
iso-butyl, iso-amyl, phenyl, benzyl, also the chioroacetate
chloropropionate, and chloroacetanilide derivatives. The
result was that within the limits of experimental variation
these compounds are practically identical with the metho-
chloride in their antiseptic power for both organizms.

The Substitution of Alkyls in the Amino Group;q.
Tetramethyl- and tetraethyl-diaminoacridine were in-
vestigated. The tetramethyl hydrochloride, while practis

cally equal to unsubstituted diaminoacridine in its action -

on Staphylococcus aureus, was distinctly inferior for B. cols
both in peptone water and in gserum. The tetraethyl com-
pound was still weaker ; thus with the latter the sterilizing
concentration for Staphylococcus aureus in peptone water
was 1 in 100,000 and in serum 1 in 10,000, while for B. coli
a concentration not less than 1 in 1,000 was required. The
methochloride and the methonjtrate of the tetramethyl
compound were practically equal to the hydrochloride;

also, as in the case of the unsubstituted diaminoacridine,

the effect in serum with the hydrochloride and the metho-
chloride was practically equal.
methochloride and the methonitrate of the tetraethyl
compound were much more active in serum than the
hydrochloride.

Groups which Interfere with Antiseptic Action.

As has been seen, the introduction of methyl and ethyl
groups into the amino radicals depresses rather than
enhances the .antiseptic potency, thus contrasting with.
the effect of similar substituents in the diamino- and the
triamino-triphenyl-methane dyes. The substitution of
one hydrogen atom in each of the amino groups by acetyl
radicals practically abolishes the antigseptic action—for
example, the sterilizing concentration -of 2.7.diamino-
acridine chloroacetate for Staphylococcus aureus in
peptone water was 1 in 100,000 and in serum 1 in 200,000,
and for B. coli in peptone water 1 in 20,000, and in serum
1in 400,000: on the other hand, with the diacetylamino

On the other hand, the -
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,derivative a concentration of 1 in 2,000 failed to sterilize
.The carboxylic esters of 2.7.diamino-9.phenylacridine and

ot 2.7.tetramethyldiamino-9.phenylacridine were so weak
*hg to indicate the marked depressing effect of the carboxyl
*roup on the antiseptic property. The replacement of the
famino groups by hydroxyls alsoled to practical abolition of
:l'mtiseptic power, as is shown in the case of 2.7.dihydroxy-
'3,6.dimethylacridine, of which both the sodium salt and
'the methochloride were tested.

Comparative Efficiency for Staphylococcus aureus
and B. coli. .
Antiseptic potency for the two organisms does not in-

variably run parallel; thus the lethal concentration in—

serum for staphylococcus is 1 in 100,000, or higher in the
‘ease of 2.7.diaminoacridine hydrochloride (or sulphate) and
‘methochloride and other analogous derivatives, 2.7.tetra-
imethyldiaminoacridine hydrochloride and methochloride,
2.7.diamino-3.6.dimethylacridine hydrochloride and metho-
chloride, 2.7.tetraethyldiaminoacridine methochloride,
2.7.diamino-3.6.dimethyl-9.phenylacridine methochloride,
£.amino-3'methylnaphthacridine methochloride. But in
the case of B. coli, only the hydrochloride, methochloride
and analogous derivatives of diaminoacridine and of
diaminodimethylacridine and the methochloride of 2.amino-
3.methylnaphthacridine reach this level of effectiveness.

Phenazine Series.
The following were tested :

Hydrochloride and methochloride (occasionally methiodide)
of phenazine.
.aminophenazine.
2.3.diaminophenazine. .
2.dimethy1&mino-7.aminoy[)henazine (methochloride only).
2.dimethylamino-6.methylphenazine. .
2.7.tetramethyldiamino phenazine (hydrochloride only).
.aminonaphthophenazine. .
Also the methochlorides of 2.di-methylamino-7.amino-6.
methylphenazine. .
2.7.diamino-6.methylphenazine.
g.7.diamino-S.6.dimehhylphenazme. .
.aminonaphtho-T.amino-3.methylphenazine.
2.methylamino-7.amino-3.6.dimethylphenaziue, and methyl-
tetrahydroquinoline-2.amino-3.methylphenazine.

The striking feature in this series is the relatively poor
antiseptic power exhibited by the amino compounds in
serum, especially for B. colt. The only compounds
‘exactly comparable with the acridine series are those of
the phenazine base, 2.7.tetramethyldiaminophenazine and
2.7.diamino-3.6.dimethylphenazine. The enhanced effect
of the metho-compounds as compared with the hydro-
chlorides of the same bases is evident in the phenazine
geries; but is not so striking as with certain of the diamino-
acridine derivatives. The relatively greater efficiency of
the methochloride of 2.dimethylamino-7.amino-6.methyl-
phenazine as compared with 2.dimethylamino-7.amino-

henazine and of 2.7.diamino-3.6.dimethylphenazine as

ompared with 2.7.diamino-6.methylplienazine, suggests
that methyl groups attached directly to the benzene rings
may play a part in enhancing the antiseptic power in this
geries. For Staphylococcus aureus the methochlorides of
2.dimethylamino-7.amino-6.methylphenazine, 2.7. diamino-
3.6.dimethylphenazine, and Z.aminpnap}xtlxo-7.am3no-3.
methylphenazine are powerful antiseptics, practically
equal to the most potent of the acridine series; on the
other hand, they are markedly inferior to the latter in
their action on B. coli.
- It cannot be said that the behaviour of the phenazine
series throws any clear light on the antiseptic properties
of the diaminoacridine group.
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SECTION OF OBSTETRICS AND
GYNAECOLOGY.
Professor R. P. Raxken Ly, M.D., President.
DISCUSSION ON
THE NEURASTHENIC ELEMENT IN MID-
WIFERY AND GYNAECOLOGY.

OPENING PAPERS.
L—AgrcHiBaLp Donarp, D.L., M.A,, M.D., Ch.M.,

Professor of Clinical Obstetrics and Gynaecology, University of
Manchester.

I BAVE no exact acquaintance with functional nervous
disorders and would find difficulty in describing them, but
I know that neurasthenia is defined as nerve exhaustion
and that the disease is not limited to women. It is not
difficult to recognize cases of acute neurasthenia, but they
come under the care of the physician and not of the
gynaecologist, though we may get a neurasthenic patient
with some uterine troub’e, and it may be that the uterine-
trouble is a factor in the production of the neurasthenia.
These are not the cases that trouble us: it is the
“neurotic ” woman with gynaecological symptoms that is
the problem, and that is the kind of case we have to
discuss to-day. It-is difficult to define the adjective
“neurotic” as the cases vary greatly in degree, from the '
highly-strung woman who is entirely obsessed by her own
ailments and who has only slight evidence of pelvic dis-
order, to the patient who has some definite lesion in the
polvis which causes moro distress than it would in a
woman with a Lealthy nerious system—or perhaps we
may say more correcbly, as one with a normal mental
equilibrium.

As gynaecologists I think we see comparatively little of
hysteria, although by its very name that is the disease
which indicates uterine trouble. On the other hand, we
see many neurotic women with gynaecological symptoms.
In the early days of my professional life these cases
seemed to be very common. I think that the methods of
treatment were largely to blame. The patients were in
the habit of paying frequent visits to the gynaecologist to
have pesra iis inserted and changed, to have speculums
introduced, to have applications made to the interior of the
uterus by means of probes, or to have the cervix treated by
silver niirate, or douched or swabbed with iodine or phenol.
I think it is no exaggeration to say that many neurotics
were manufactured in this way. At the present day, with
different pathology and treatment, the number of cases
which ars neuvotic is greatly diminished.

Women are generally thiught to be specially liable tc
functional nervous troubles, but this is a point open to dis-
cussion. Tlere ave special periods when such troubles ave
most likely to be manifest: (1) during transition from girl
to woman; (2) during menstruation; (3) in the course of
pregnancy and parturition; and (4) at the menopause.

I have little to say about (1); it is the age of develop-
ment, and emotional disturbance is not uncommon, but
some of the special troubles at this time are due to failure
of or faults in development. In the last three of the
periods mentioned we certainly find disturbing influences
from which males are free.

(2) The menstrual period in the average woman is not
associated with any great nervous disturbance, although in
some cases there may be a little instability of mind or
temper manifest at that time. :

(3) As regards pregnancy and parturition, it is a striking
fact that most women are not much affected nervously by
these conditions. During thie war we have seen how the
nervous strain inseparable from life in the danger zone
affected many of our bravest men, yet the great majority
of married women go through the trials and discomforts of
repeated pregnancy and the pain and dangers of several
confinements with the nervous system undisturbed. I
believe that the neurasthenic element as a disturbing
factor in parturition is negligible, but a difficult or badly
managed confinement may result in chronic local diseases
which may lead to secondary nervous symptoms. In
pregnancy the nervous balance is sometimes disturbed, and
many of the minor troubles, suclk as morning sickness,
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frequent cougl, salivation, elc., and even some of the
serious diseases, such as pernicious vomiting, chorea, etc.,

may be due to this fact. o

4) At the menopause there is a great physical change
which may be gradual but is often more or less sudden,
and in some this is associated with much nervous dis-
turbance. The local changes are also responsible for
symptoms which may be attributed to neurosis.

These special circumstances which I have just men-
tioned have to be considered when we try to arrive at a
just conclusion in regard to the special liability of the
female, as compared with the male, to neurasthenic
troubles. A discussion on these grounds only would not
be very profitable. It is better for practical purposes that
we should try to fix what may be called the reasonable
symptoms of any local ailment. It may be of advantage
to consider firs the symptoms, as apart from the physical
signg, of gynaecological ailments. They may be divided
into subjective and objective.

SUBJECTIVE SYMPTOMS.
(a) Pain.

Pain i3 a common symptom, but of course varies greatly
with the individual. The neurotic patient as a rule com-
plains most, but her pains are apt to be widely spread or
variable in location, and often in a situation where they
are difficult to explain on an organic basis. If we are to
believe the textbooks, the most common kind of pain
is backache, which is generally regarded as a real
symptom of disease of the pelvic organs. Unfor-
tunately, backache is one of the common symptoms (if
I am not mistaken) of neurasthenia. From the gynaeco-
logical point of view I am inclined to rate backache very
low in the scale of importance, It occurs in chronic pelvic
peritonitis with thickened and adherent appendages; it
is also, in my experience, the common symptom in
chronic cervical catarrh; but it is rarely mentioned
spontaneously by the patient who has a displacement
(prolapse or retroversion of a heavy uterus) or endometritis
(so called) or chronic metritis. And yet these are ailments
from which the majority of the patients suffer who come
for advice to the out-patient department or consulting
room. In these cases, if the patient is asked whether she
has any pain, and if so where, she will nearly always
indicate the lower abdomen, sometimes one iliac region,
sometimes both, sometimes, but not often, the hypogastric
region, If the patient complains mainly of her back we
should suspect a neurasthenic element.

It has generally been taught that <liac pain is due to
ovarian trouble. I believe that the ovary is about the only
thing in that region that never causes it. Many ovaries
have been needlessly sacrificed on account of this teaching,
and when the pain is on the right side the patient may
be considered fortunate if her healthy appendix is mot
removed by some eager but rot very observant surgeon.
Every woman who has a heavy uterus which is prolapsed
or retroverted or in a position of what may be called
exaggerated anteversion will tell you of this iliac pain.
I do not pretend to explain it, although it seems reasonable
to suppose that it is due to a mechanical dragging on the
broad ligament. The pain is never acute, and is sometimes
only present just before or during the first day of
menstruation.

Periodic pain is generally of the nature of dysmenorrhoea.
1 bave noted that with the menstrual function there may
be some nervous disturbance apart from any local disease,
but these cases are not numerous and not very striking,
The dysmenorrhoea of the neurotic is never very con-
vincing; the pain is not definitely localized; it is never
intense and it is very variable, and it generally lasts during.
the. whole of the period. This is very different from the
acute disabling pain that attacks some young women.
This is definitely located in one or other iliac region. It
occurs nearly always in the first fow hours of menstruation
and then disappears. Mid-menstrual pain is almost
certainly due to some local trouble, but its cause has not
yet been definitely ascertained.

(b) Fatigue.

Many of our patients complain of being very easily tired,
or always tired. This symptom, of course, may be due to
some constitutional ‘trouble such as faults of digestion, or
it may be a purely nervous symptom. But there seems
good reason to believe that some cases are due to a sort of

S

toxaemia. A striking example sometimes occurs in those
cases of large fibroid tumour which diminish very rapidly
after the menopause. ' This process is often attended by
grave constitutional symptoms—rapid loss of flesh, changes
in complexion, and digestive troubles. The results are
often so striking that these cascs may be diagnosed as
malignant disease of tlie abdomen. I think this condition
is produced in some way by the absorption of toxins from
the rapidly disintegrating tumour. In fibroids in younger
women the patient is often unduly tired, even when vre
allow for the weight of the large tumour and the effect of
haemorrhage. The same symptom is common in cases in
which the uterus is symmetrically enlarged by a chronic
metritis, I think there are also conditions in the uterine
mucosa and in the cervix which lead to a sort of toxaemia.
It has often been stated that there is a relation between
leucorrhoea and rheumatic troubles, and I have had cases
which seem to prove that there is a distinct connexion
between uterine catarrh and some skin eruptions.

(¢) Tenderness.

When tenderness is caused by bimanual pressure on the
uterus I think we may take it that there is some diseased
condition of the uterus, if we can exclude a general hyper-
aesthesia of the skin. Cutaneous hyperasthesia is not
a common symptom of gynaecological trouble. Even in
acute pelvic peritonitis there is not generally the same
marked tenderness and boarding that one gets in acute
appendicitis.

Under this heading we may consider cases of dyspareunia,
or vaginal spasm. This varies very greatly in degree.
The worst cases are undoubtedly in women of very neurotic
temperament. But in others the trouble is associated
with a definitelocal lesion. I have no belief in abrasions
of the vaginal orifice or fissures in the hymen as common
causes, and have always found that dissection operations
and the subsequent introduction of dilators have failed to
relieve, except in some minor cases which would probably
have improved without treatment. On the other hand, I
believe that a leucorrhoeal discharge from the cervix or
uterine cavity is often associated with dyspareunia.
‘When I have tfound this to be the case it is my practice
to curette the uterus, and this treatment I have found to
give much better results than any cutting or stretching
operation; it also answers in cases where there is a tender
retroverted uterus. -

If we consider the symptoms which we have just
mentioned I think there are certain indications as to those
which are due to a purely neurotic cause and those which
are the result of some organic trouble. We find the key
to the problem in the relation of symptoms to physical
signs. I think that backache, in" the absence of cervical
catarrh and hypertrophy, or of pelvic peritonitis with
thickened and adherent appendages (or possibly of an
enlarged and retroverted uterus), is generally a purely
neurotic symptom.

If the patient suffers from iliac or liypogastric pain,
and if we find on bimanual examination that there is
an advanced stage of prolapse or a heavy and enlarged
uterus, either anteverted or retroverted, and if the pain is
aggravated or only present just before or on the first day
of the period, we are justified in deciding that the pain has
a definite local cause and in treating it accordingly.

In dysmenorrhoea, if we find that the pain is definitely
located in one or other iliac region (or in the hypogastrium);
that it is very intense, but only lasts for a few hours at the
beginning of menstruation; that the patient also gives a
history of prolonged periods or of metrorrhagia or leuco-
rrhoea; and if with these symptoms we find an infantile
type of cervix and an acute flexion (ante. or retro-) of the
body, the case may be removed from the purely neurotic

category.
OBJECTIVE SYMPTOMS.

There are some other symptoms, commonly met with,
in which the question arises whether they are indicative of
organic mischief, or purely nervous.

(@) Bladder Troubles.

1. Incontinence—The incontinence of young women is
met with as a purely neurotic symptom, or at least as a
symptom in which we are unable to find any local changes.
These cases are nearly always amenable to moral treat-
ment; removal to a nursing home or to a hospital is nearly

always all that is required to cure them, Another class of
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Gase occurs in middle-aged or elderly women who complain
of inability to control the bladder. Some of these cases
are due to cystocele; as the bladder and vaginal wall are
very thin and the bladder lies at its lower part unsupported,
any little pregsure from below is sufficient to cause the
urine o be expelled involuntarily. These cases can be
cured by operative treatment. It is not necessary to refer
to the incontinence which is due to fistulae or to over-
distension of the bladder.

2. Retention of Urine.—This occurs as a nervous symptom
after operation, and it is sometimes met with as a symptom
of hysteria. We have to remember its occurrence in cases
of gravid retroversion, and of impacted tumour in the
pouch of Douglas.

3. Increased Frequency of Micturition.—This may be

. due to nervous causes or to inflammation or other disease
of the bladder. We have especially to bear in mind that
infection by the Bacillus coli is a common cause of fre-
quency of micturition. Irritable bladder is quite common
in women who suffer from gynaecological'ailments, It is
sometimes a symptom of a bad tear in the cervix which
has involved the lower part of the broad ligament, As a
result of this tear and consequent inflammation we find a
firm scar or band which obliterates the lateral fornix, and
pulls the cervix towards the affected side. The presence
of this scar seems to limit (reflexly or otherwise) the
capacity of the bladder. Division of the scar and a plastic
operation will relieve the trouble. Another cause of fre-
quent micturition is found in elderly women who are
suffering from atrophic changes in the vagina, associated
with senile vaginitis and sometimes with cystocele. This
symptom may be very troublesome, but a diagnostic point
is that the trouble occurs chiefly during the day-time, and

- the patient is not disturbed much at night. The condition
of the urine will distinguish between cystitis and what
may be called reflex bladder irritability., In cases where
there is actual cystscele an operation may be required, but
in other cases I have found that when sedative lotions used
as a douche fail to relieve, the condition may be cured
by a very thorough disinfection of the vagina under an
anaesthetic.

() Irritation.

A similar method of treatment is very successful in
some cases of pruritus vulvae. As itching and burning are
subjective symptoms it may seem that this disease should
have been dealt with in an earlier part of this introduction,
but the redness, swelling, and excoriation of the external
parts are very definite signs. Apart from those cases
which are due to diabetes or parasites or leucoplakia,
pruritus vulvae is generally regarded as a nervous disease,
and it has been recommended that the nerves underlyin
the affected area should be divided. I have never foun
this necessary. In elderly women a vigorous disinfection,

"such as is usually undertaken after the patient is anaes-
thetized in operations on the vagina, is all that is required.
In younger women, and especially if there is any sign of
leucorrhoea or cervical catarrh, it is advisable to curette
as well as to disinfect,

(¢) Amenorrhoéa.

Amenorrhoea is quite frequently produced by nervous
causes; any mental shock or great anxiety may cauge it.
Perhaps the most common instance is the case of the
unmarried woman who fears she is pregnant. The intense
Ionging for a child on the part of a married woman may
also bring about amenorrhoea. There is also the weli-
recognized group of cases in which scanty menstruation
or amenorrhoea seems to be caused by deficient thyroid
secretion,

(@) Phantom Tumour,

Very great distension of the abdomen may be a purely
hysterical affection, but this can rarely give rise to any
difficulty in diagnosis. A more common form of distension
is that which is known as pseudocyesis or spurious
pregnancy. It may appear before the menopause and
when the periods are normal or only slightly diminished,
but it is generally met with in patients who are passing
hrough the menopause. Although these cases are mow
attributed to the influence of the ductless glands I think
there is little doubt that there is also a nervous factor in
their production. I think the same may be said of many

other troubles of the menopause when these are exaggerated.

o

(¢) Enteroptosis. '

I have left this condition or group of symptoms $ill the
end, as although it is generally considered to be one of the
most common causes of neurasthenia in women it is not
confined to women, nor is it a gynaecological symptom. If
is true that with the descent of the abdominal contents
we may have associated a prolapse of the pelvic floor or
uterus, or a retroversion, but these are not outstanding
features in the general clinical picture. As to the cause
of the condition, I think it is open to doubt whether the
origin of the trouble lies in the descent of the organs, or in
the neurasthenic element, or in a general toxaemia. An
investigation into its causation would be out of place here,
but I may state that I am no believer in the mechanical
theory of disease. Most of the abdominal organs may be
displaced to an extreme degree without anything more
than some inconvenience to the patient. I have seen cases
in which an umbilical hernia reached half-way down a
patient’s thigh, and of prolapse of the uterus with com-
plete eversion of the vagina, and in these the only
complaints were a somewhat disagreeable dragging and &
difficulty of locomotion or of sitting.

DiagNosis, ‘

I have little to add to what I have already said under
the various divisions of the subject. I must emphasize
again the point that the key to the problem as to how far
the nervous element enters into a case is to be found in
an accurate knowledge of the physical state of the pelvic
organs. In the majority of cases this involves long prac-
tice in bimanual examination. Unless one is able
distinguish comparatively small differences in the size an
general characteristics of the uterus and other pelvic organs,
one is liandicapped in coming to a decision.

What we have to decide in each case is: (1) Are the
symptoms such as are generally found in a given lesion?
(2) If the symptoms are exaggerated, is there reason to
suppose that they will be relieved or removed by local
treatment? or (3) Is the neurotic element go pronounced
that local measures are likely to end in failure ?

TREATMENT.

Because a patient is meurotic that is no reason why
definite gynaecological troubles should not be treated. It
may even be that the local trouble is the origin of the
neurosis, or at least intensifies it.

1, Palliative.

Where palliative treatment alone is indicated, care must
be taken that it is of a kind not liable to aggravate the
nervous tendencies.

I think it would be well if treatment of patients in the
out-patient room and consulting room were abolished. The
passage of a speculum is unnecessary, except on the rarest
of occasions, to anyone who has sufficiently developed the
sense of touch. The uterine sound should never be used
except during an operation. Applications to the cervix

{ should be abandoned.

I bave long ago regarded pessaries as nearl y always
useless and generallﬁ harmful. I know that there are
women who think they cannot do without them, but I
believe that nearly every case of this kind is merely an
example of cure by faith. There are still some who seem
to regard them as a panacea for all gynaecological troubles,
If these cases be examined some curious conditions will be
found. One finds them in cases of unreduced retroflexions,
or of tumours or inflammatory swellings in the pouch of
Douglas; Hodge pessaries where the uterus is anfeverted ;
ring pessaries 80 small that they can do neither harm nor
good, and pessaries in cages of senile vaginitis in which the
patients have the feeling of prolapse but where no prolapsé
exists. Most of these patients have been educated into the
habit, and I have found that most of them can be educated
out of it. A woman who has a prolapse of a moderate
degree is generally as comfortable without a pessary as
with one,

Rest may be necessary where there is evidence of in-
flammatory trouble, or it may be advised as a general
measure with overfeeding and massage for the neurasthenig
condition, but many neurotic patients rest too much.

The use of a vaginal douche is advisable in some cases,
such as those in which there is leucorrlioea accompanied
by irritation; in these cases some sedative lotion may be
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-used, such as weak subacetate of lead. Hot douching
. every night is useful in cases of inflammatory exudation.
. Douching as a regular procedure where none of these con-
. ditions exists is probably harmful. The use of tampons,
. I think, has largely gone out, and I doubt whether they
-have any great curative effect.
Some gynaecologists get rid of responsibilities for a time
Ly sending their patient to have a course of baths at some
Continental or British spa. From a ncurasthenic point of
. view this may be of .some use ; as regards the cure of any
- Jocal pelvic ailment, except those which are due to some
-old  inflammatory trouble, 1 think there is nothing to
. be said for it.

2. Operative.

The neurotic element must make us more guarded in
" our prognosis and more reluctant to operate. The objective
" symptoms of disease are a much safer guide herc than
. subjective symptoms. In certain cases there can be no
doubt as to the necessity for operation, however severe the
" 'neurotic element, such as in ovarian and most fibroid
tumours, or pelvic inflammations. Where the local con-
dition is one which is likely to atfect the general health an
operation is advisable. This will include cases of pro-
" longed or profuse haemorrhage, of leucorrhoea, and cases
in which a toxic element seems to be present. This class
- of case is fairly hopeful. The operations required for these
conditions may bz of a minor character, such as curetting,
removal of a polypus, or excision of a catarrhal cervix,
or they may involve an abdominal section with removal
of ovaries and tubes or uterus. We may feel bound to
give our patients the chance of better health in this
way, but weé must be prepared for a certain amount of

disappointment.

The one- class of case which I think is the least
promising is that of a so-called displacement of the uterus
—a case in which the uterus is retroverted but is not
enlarged and in which there are no symptoms but back-
ache. How many cases one has seen of women who have
had this condition as part of a general enteroptosis, and
who have had ventrofixation performed with no relief!
I have kinown instances in which a kidney has been fixed,
the uterus has been fixed, and, lastly, the colon has been
fixed, and the last state of the patient was worse than
the fivst.

A word must be said as to moral treatment. Many
nearotics are amenable to the influence of & plain tall.
Some of them have been frighiened—or have been led to
regard some slight ailment as a matter of great importance
—and an emphatic reassurance may help a great deal. - In
very aggravated cases it may be neccssary to explain to
the patient that her {roubles lie mainly in her own mind,
or even to point out that she is wasting the best part of
her life and is a burden to others, and that the cure rests
with herself. It is not a pleasant duty or one which is
likely to make the doctor popular with his patient—for the
time at least—but I have kuown it to be effectual in some
bad cases. It is especially successful in those in which
an operation has been really advisable and has been per-
formed. The period of convalescence is a favourable time
to explain these things.

I have said nothing of psycho-analysis. I have my own
impressions of this method of treatment, but have no
experience of it. In any case it seems to be outside the
sphere of the gynaecologist.

II.—E. Farquuar Buzzarp, M.A,, M.D., F.R.C.P.Lond.,
Physician, §t. Thomas'’s Hospilal; Physician to Out-patients,
National Hospital for the Paralysed and Epileptic.
DeprEssioN, insomnia, or disordered sleep, loss of energy
loss of sense of proportion and of mental perspective
indecision, irritability, or over-reaction to various forms
of stimulation and restlessness, are the mest. important

and most universal indications of the neurasthenic state.
But this picture of neurasthenia is far from being com-
plete, ard the canvas may exhibit features which by their
prominence {hrow the common background into obscurity.
The breakdown of organized control too frequently per-
mits exuberant growth of certain elements in the patients’
composition which have hitherto been kept in subjection,
and whiclh now manifest themselves in unmistakable
fashion. Anxieties, fears, and obsessions, springing from
foundations buried in the past, slowly or rapidly assume

proportions which gain for them the credit or discredit of
being the primary causes of ill health. Moreover, these
secondary eruptions frequently exhibit a physical bias and
are projected in the forwm of pain, discomfort, or disturbance
of function on one or other crgan or region of the body.
Herein lies the difficulty of the gynaecologist, the sur-

- geon, or the physician. The last may be contronted only

with a mental disorder in the shape of a pliobia, and may
be in no doubt as to the inethod of treatment he should
adopt; the first may be asked to deal with a pain or
disorder of function referred to a pelvic organ, and may
find the greatest difficulty in deciding whether the
symptoms are primarily inental or primarily structural
in origin. The answer to this question is often of great
importance and wistakes in treatment may be of lasting
effect.

Frowm the gynaecologist’s point of view it is obvious that
Lie must satisty himself as to the presence or absence of
any stroctural defect to which pain or disorder of function
can legitimately be ascribed. In the absence of such, or
in cases of doubt, the question of neurasthenia may be
raised, and he must be in a position to assess the likelihood
of its presence. In other words, a correct diagnosis must
precede and guide his treatment.

It is not sufficient to rely on a general statement or
history to the effect that the patient is or is not neurotic,

.or on the presence or absence of an obvious source of

worry or auxiety. Some of the most difficult cases of

neurasthienia are those in which the patient has earned’

the reputation for not having a care in the world and for
possessing a most equable temperament.

To arrive at a decision it is imperative not only to be
familiar with the symptoms of neurasthenia, but to have
some knowledge of the causes underlying this condition
and its secondary manifestations. Before considering
these in detail may I remind my audience that more than
one factor is always concerned in the production of any
morbid condition ? It is usual for a bruise to follow a blow,
but there are blows soslight that they only produce bruises
in one person out of ten. That person is said to bruise
easily, words implying a causative factor which operates
in addition to the blow and which belongs to the indi-
vidual. If this simple example of cause and effect is com-
plicated by more than one factor we must not be surprised
if we find a very large number of factors concerned in the
production of neurasthenia. Anybody who is satisfied with
one cause for neurasthenia, whether it be psychic, septic,
static, or endocrinic, must inevitably come to griet in
diagnosis and in treatment.

The first pcint to be studied in considering the etiology
of neurasthenia is the inherent factor. As doctors, in our
attempts to classify and pigeon-hole our patients we are
apt to overlook individual differences. Go to a girls’
school with a hundred pupils and you will not be surprised
to find that each girl differs from ler neighbour in form
and feature; indeed, you would be surprised tofind any two
so alike that you could not distinguish them after a very
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