
70 MSDICL JOURNAL I ANTISEPT16 PROPERTIES OF ACRIFLAVINE, ETC. . [JULY 2r, 1917

the clinical department. Whether on this side or on tlhat,
a beginning meanS much and could not fail to issue in
larger ambitions.

Again, the clinical laboratory oughlt to be made a cenitre
ef practical interest to tlle practitioner, and the ideal
scheme would enable him to attend in order actuallv to
see for himself the results of tlle tests applied in connexion
with cases for which lhe was responsible. Too many of us
are content in this matter to iccept reports for whiclh -we
-can supply no personal verification, and it may perhaps
'be asked whether such a proceeding is capable of ethical
defence, seeing that in, the relation between practitioner
and patient there is implied on the part of the practitioner
the guarantee of a personal responsibility.
A third possibility of the establishment of an organic

union between the local lhospital and tlle neiglhbouring
profession would be the institution of a medical reference
librarv with obvious advantages to all concerned, There
-exist a number of admilirable atlases illustrative of various
-departments of clinical work, but their expense forbids
their wide distribution, and they remain of little general
-service. To be effective these illustrationis need to be
displayed, and a clinical picture gallery constructed from
tllese and other sources, and in every hospital, would mean
-within reach of the m-ajority-of practitioners an attractive
-and stimulating centre for the diffutision of clinical know-
ledge. Hospitals are uisually very keen, and rightly so, on
the creation of a patlhological museuim. But tlle pictorial
side of clinical work has little recognition paid to its
educational values, and miany contributions of this order,
-save for some special reference, remain isolated from the
interests they are well fitted to serve. The creation of
an opportunity for their exhiibition widely tllroughout the
profession would be an educational advance of high merit.

Such, then", are some of the developments which miglht
be expected wvere it once recognized that our hospitals
ought to be, not merely cenltres of beiievolence, but also
ceintres of organized clinical enterprise and proaress in
whiichl nmembers of the local profession would finid tlleir
slhare, their interest, and their pride. Before sucll a
position can be reaclhed tlheie must probably be an edu-
cational camnpaign directed both to the professionl and to
the lay public, and especially perlhaps to those among the
latter wlho form the governors of our lhospitals. We lhave
recently liad a demonstration of wlhat can be. secured whlen
our hospital autlhorities are convinced tllat the institutions
over wlichl tlley preside lhave large pLublic and educational
interests to serve, and no one now objects to tle institu-
tion of special hospital clinics for the treatment of diseases
wlhiclh but yesterday were lheld. to be outside the range
both of symipatlhy anld of lhelp. It can hardly be doubted
that a similar welcome would wait on suichl a schlenme as
is lhere proposed whlieni tlhe responsible authjorituies were
satistied, as they suirely could be, tlhat its adol)tion would
mean botlh an increased area of hospital usefulness and a
greater measure of lielpfulness for the individual patient.

I now go furtlher and say that alongc suchl lines as are
lhere defined may be fotund a large contribution to a ques-
tion of the highest importance-namely, the provision of
ready opportunities for post-graduation imedical education
and studLy. Most of us in our youniger, more flexible, and
more im:ipecunious days-tlhat is, in the days wlhen we
most need such opportunities-caninot afford to leave our
practices for a number of weeks and miiontlhs to visit one
or other of the great educational centres; and even at the
best the necessary brevity of suchl visits puts an in-
evitable limliitation on their values. If post-graduation
medical education is to beconme effective and widely
spread, it must offer itself in more sustained opporttunities
and must secure centres not very far away from tihe scene
of the practitioner's daily duty. My contention is that the
local lhospital ouglht to be sucll a centre, and its wide and
continuous service malies it all the more appropriate to
this end, seeing tllat tlle aim of post-graduation study is
not to tempt the practitioner to forsake the wide lhorizons
of general practii,e for somue narrow and restricted splhere
of work, but to raise the all-round proficiency of tllose wlho
are the chief agents for carrving the lhelp of medicine into
+the homes an1d lives cof t,he people. Tlhe benefits of sucnh
an arrangement woulld not be all in one direction. On thle
contrary, thle schleme here outlined wsould not only make
available larger and more systematized clinical oppor-
ltunitie.s to the great body of thle profession, but it would
exercise a hlelpful and stimulating pressure on OUr' hospital

staffs. It would urge tllem- botlh to raise their routine
work to the higlhest possible level and also to equiip
tlhemnselves witlh the latest developmilents of clinical
doctriie and practice aiid to be agents for the coim-
mnunication of these to their professional brethren.'
Related to this is the suggestion tllat all such educa-
tional schemes slhould include opportuuities for lectures
or demonstrations by those wlhose original work lbad
become wvedded to cliniical service as well as by others
who had attained a recognized position -of professional
leaderslhip and autlhority. lThese ends are perhaps for
the fullness of time, but', an opportunity for beginnings
is ready to lhand and wisdolml will naot despise it.

SU3MIMARY.
To sulm up my suggestions in brief formi I would say,:

(1) That the general efficiency of tlle profession may be
promoted by the organization of co-operative clinical study;
(2) that for such organization appropriate centres already
exist in thle shape of our local hospitals and kindred
institutions; (3) that an effective sclheme of this order
demands tlle co-ordination of tlle worli of the lhospital with
the interests of the local profession; and (4) that by movq-
ment in this direction are to be secured ready, sustained,
and distributed opportuinities for the cultivation alnd
development of post-graduation muedical education and
study.

I suLbit thbese suggestions witlh great respect to the
attentioni of tlle Branclh.
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IN view of the attention whiclh has recently been directedl
to the emliploymiient of "flavine" compounds and other
basic benzol derivatives in the treatment of infected
wounds, it appears desirable that certain features of tlhese
bodies, and especially of the flavine group of antiseptics,
,should be d7ealt witli in greater detail than hitlierto, in
order that those who intend to cemiploy tlhese substances
clinically may lhave imiore fuilly at disposal the indications
for their use afforded by laboratory investigations. Sub-
sequent trials along similar lines have fully substantiated
the reports already published on the use of these antiseptic's
but it is not proposed at present to enter further into
clinical results until continued tests on an extensive basig
enable. a decision to be reached as to the best lnode of
application and range of usefulness. The powerful bacter.
cidal properties of acridine dyes were pointed out by
Browning and Gilmilour, wlho also investigated brilliant green
and other triplhenylmethane compounds.t They observed
in the case of acridine compounds tlhat, in marked contrast
to m-ost otlher antiseptics, their action was enhanced by
the presence of serum. With the exception of carbolic
acid, we do not know of any other antiseptic wlicih is not
greatly weakened in its action by admixture witlh ser'um,
nor are we aware that this property lhas been claimed for
any powerful bactericidal substance. A further study of
compounds belonging to this group was undertaken witl a,
view to determining their suitability for therapeutic use
in infected wounds (Browning, Gulbransen, Kennaway,

* We have mluch pleasuire in acknowledging our indebtedless to
the Medical Reseaich Commllittee for a grant toward the expenses of
this work.

f These are all " elaborate compounds of whichl most are brilliantly
coloured and are used as dyes "; such characteristics are inseparable
fromii the comiipounds in question. but they have been suggested for
use clinically on acconuit of outstanding properties which are likely
to render themi valuable in the treatment of infected wounds-
at present so urgent a problem-and which are not shared J)y
any colourlets substances thus far known,
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and Tlhornton). The substances investigated included more inhibito-ry towards pha
3.6-diamiiio-acridinie derivatives witlh substitutedimetlhyl for mice, as tested by subc
groups in the amino side-clhains, or in the benzol rings, or the irritating effect of concel
in botlh positions; also the uinsubstituted 3.6-diamino- junctiva, are markedly less t
10-miietllyl-acridinium comiipound-" flavine," now called bactericidal concentration of
"acriflavine"-prepared by Benda for Elirlich, and same as that of acriflavine-
or;iginally named " trypaflavin," on account of its thera- aureus and B. coti in sernL
peutic action in trypanosoime infections.* In tlle case of streptococcus
The term " flavine" comiipounds vill continue to be and the bacillus of malignai

applied to the acridine group of compounds as designating acriflavine. The concentratio
them in relation to their use as antiseptics. The results of Stalp1hylococcits aurelus to
of clinical trials in the case of acriflavine and allied flavine 1: 500 in tlle case of acriflw
bodies lhave been reported by Colonel Pileler, D.S.O. (see sliogltly inferior in this res
Browning, Gulbranseni, Kennaway, and Tllornton, also proflavine whiclh produces
James), and by Ligat, and Thornton and Walker from tlle julnctiva (rabbit) is 1: 50 as
wards of the Middlesex Hospital. Since the publication case of acriflavine when app
of' tle above work the unsubstituted 3.6-diamino-acridine methods of test were those pr
suilplhate (" protlavine")+ lhas also been examined more
completely than had been done in connexion with tlle The Parts Played by Phag.gbase by Browning and Gilmour. Overcoming L

It was found that wlile, in the case of all the diamino- Recent observations of Bon
acridine compounds tested, the alntiseptic effect was suggest tllat organisms mna
enlhanced by the presence of serum, especially for destroyed as a consequenice
B. coli, diamino - metlyl - acridiniuin chloride (" acri- cytes. This may bear somem
flavine "), and diamiiino-acridine sulphate (" proflavine ") the cellular aspect of immnuni
exerted the least degree of inlhibitory effect on the lhumiioral, but in view of M
phagocytosis. tionIs it is difficult to relinquis
The effect onl phagocytosis was in the first instance tested cytosis is, in general, part

according to Wright's method, whereby equal quantities of mechlanismii. We lhave extei
humani serum, washed human " leucocyte cream," emulsion sdn th
of organisms anid appropriate dilutions of antiseptic were mixed sudying the effect of prolon;
together, and then incubated in capillary tubes for twenty antiseptic in serum on the plh
minutes at 37 C. At the end of this time the mixtures were wlhen subsequently staplylo
spread oni slides, staineed, and the number of organisms ingested tures of one volume eacll of
by fifty leucocytes estimated in each case; the control con- and antiseptic solution were
tained inormal salinie in place of the antiseptic. The serum and at 37° C. for two hours. T[corpuscles were onl every occasioni obtaine(d from the same sub- a
ject. The organlism employed was a twventy-four hour agar instead of antiseptic. At the
slope culture of staphylococeus aitreus emulsified in inormal of staplhylococcus suspensi
saline to give ani homogeneous emulsioni of about two thousanid thorouglh mixiing tlle wIIolI
million organisms per cubic celntimetre; a number of anti- twenty minutes in order to p
septics were investigated simultaneously so as to avoid attaching ring. Films were then madeimnportanice to any differences in the results due merely to found on comparing in thisindividual variationis. n

Observations made by Colonel C. J. Bond on time effect withs mercuric ehloride thra
of these substances (acriflavine and proflavine) on leuco- antiseptics, after twoheours' c
cytes in vivo have yielded similar results to our own.+ He thi concenttion ofthe
estimates the influence of antiseptics on leucocytes in two ticcount to of per ce
ways: (1) By dressing a wound with gauze soaked in the cytic count tobelowm 50 per ce
antiseptic with protection against drying; at the next concerned, 1 : 10,000 represedressing thle leucocytes entangled in the gauze are ex- conceratio of rcurich
amined in normal saline witlh reference to their capacity which withi seruom abolishec
to phaagocytose starclh granules previously dusted on the other hand, suhil acte
wound. Dead leucocytes lose this property. Or the pus flavine antiseptics after prolorcells from suclh a wound may be incubated witlh carmine cytes still cap afterphocyt
granules in a plasticine cell. Colonel Bond finds that in te still compounds are rE
,spite of slihlit damage leucocytes in pus from a wound previon and t m e o
irrigated or dressed with acriflavine are capable of ingest-
ing pigment granules when incubated. (2) A drop of Properties Desirable in a
blood fronm the finger is mixed with antiseptic in saline The question as to a
solution and tllen incubated in a hermeticallv sealed tage poerties o at
chamber. T1lie letucocytes which emiigrate from the clot .o
and collect on the slide are gently wasliecl in saline and on the particuflar purpose for
thlen treated witlh 1 per cent. iodine solution, and their sterilizing ofgaiaterial outside
.capacity to give the " iodophil reaction " is so tested. Any infecting garments, ingtrume'definite degree of damage to the vitality of the leucocytes different from sterilizinu a woof the sole necessity is to destrhinders the elaboration of " iodopbil substances " during tlle propertis o te arthe period of incubation. Hence the presence of the latter latter lhe properties of the ai
may be taken as a delicate methodl for detecting injury to as to ensure efficient action
the wllite cells. The " iodophil reaction" was obtained samrie timnegiving rise to a mie
to a considerable degree witlh acriflavine and proflavine functions upon wichl liealin1: 1,000 in normal saline when employed in tllis mnanner. s
These compoulnds are coniparatively little toxic for the tlatine oftme point in ques

body as a wvhole, and althouglh proflavine is sliglhtly tlle brought into contactwithntheou
JIn ouir provious work the abbreviation flavine " was appulied to likely that in wounds, especial

the lattter compound, but since this namiie mllight give rise to con- detrCtionoftebcter
fuision owin,, to its use in connexion witli other substances in co1in- destrtt tion of t1e bacteria tli1
nmerce, the product here referred to wvill in future he called " acri- antiseptic is not essential, it
flavine," as stuggested by the Medical Research Coimmittee. ensure tlat no significant mu

f The specimen of this substance reqtuired for our investigations
was prepared by D)rs. B'rger and Ewins in the Departmiient of patlhogenic organisms takes
Biochemuistry and I'llarm-nacology of the Medical Research Colimmittee, centration powerful enoughin
and we have pleasure in e\;pressing otur indebtedness to theiii for the _
valuable facilities which were thus placed at out- disposal. The naisie § Proflavinie represenits an earliei
" proflavine " has been suggested to us by the Medical Research Coin- flavine, hence it would be cheaper i
miiittee. As it is in the formii of a salt (suilphate) that 3.6-diamino- is sisnlilar to that of acriflavine in i
acridine is recommended for use the name is, therefore, to he aplplied tion, and along with 0.5 per -cent.
to the stlll)hate. alkali to the neutral solution must I

+W'"le are indebted to Colonel Bond for perml-ission to record these protfavine, as this causes precipitati4
yesults (see also BRITISH MF-DICAL JOUR NAL. July 7th. 1917). that proflavine has haemostatic acti
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is sufficienit. The efficient prophylactic effect of flavine
conmpounlds in tlle treatment of contamiuiated wounds in
civil practice before suppuration lhad sot in bears out this
view. Accordingly, it is far preferable to succeed in
inhibiting organisms in a wound, wlhile at the same time
avoiding damage to tissues or diminution in tlleir resist-
ance, than to aim at obtaininig bacterial sterility by imeans
of reagents wlichl produce niecrosis and throw out of actioli
protective mechanisms such1 as plhagocytosis. Althouglh
for sterilizing instrumients, etc., the imiore rapidly an anti-
septic works the better, for wounds it is equally efficacious,
from the point of view of lhealing, to destroy the organisms
in ten minutes or in ten lhours, providecl that their virulence
is efficielitly controlled.
In coninexionl with the use of "' bacterial charts," on which

Carrel relies as a criterioni for basing the prognlosis of
behaviour in a wounid destined for suture whichl is under-
goinlg treatment by frequenit periodic flushing with hypo-
clhlorite solutioni, it must be renmembere(d that diminution
in numbers of tlle organisms is considered in this case to
be practically synonymous with loss of power to cause patho-
genic action. The fact that the effects which follow inocula-
tioIn with bacteria depend verv largely on the size of the (lose
is, of course, well established; but it is also, in genieral,
impossible to determine by microscopic inspection the
viruleniee of a given organiism. Aceordingly, the evidlenice
accumulated by the bacterial charts must be clearly unl(der-
stood so far to apply under a special set of circumstances.
There is no proof that the standards establishe(d in coinnexion
with hypoclilorite solutions will appliy precisely to wounds
treated by other antiseptics. Iniformation on this poinit in
connexioii with flaviine compounids and other substanices must
be initerpreted witlhout bias derived from a knowledlge of thle
significaniee of the findings unlder the particular coniditionls
studied by Carrel.

TVe Rate of Progress of Sterilization.
In view of these considerations as to what an efficient

tlherapeutic antiseptic should accbmplish, it appeared un-
necessary that for therapeutic purposes in wounds there
need be great rapidity of the lethal action exerted by anti-
septics suclh as tlle flavines, wlhich, so far frorm suffering
dimiiinution in potency througlh admixture with serous
secretions, are most active in the presence of serumii, and
hence must continue to act for a long period, and wlhicl,
in com-parison witlh their bactericidal potency, are rela-
tively harmless to the tissues. Dakin and his co-workers
would also seem not to regard great rapidity of action as
essential in antiseptics to be used for treatment, since tljey
adopted two hours as the duration of conltact between
antiseptic and organisms in tlleir experiments. Many
observers, Ilowever, following mnore or less tlle classical
procedure advocated by Rideal and Walker, estitliate the
bactericidal value of a compound according to the effect
produced by contact of the antiseptic with tlle organisms
for a comparatively brief period-up to fifteen miiinutes.
It is difficult to determine from the results of such shiort
contact experiments whlat conclusion, if any, may be drawn
regarding tlle action of greater dilutions acting over longer
periods, as would almost necessarily be the case in
wounds unless the antiseptic is immediately fixed or
inactivated.

Browninig and Gilmour, following the procedure of
Clhurclhman, originally tested tlle antiseptic power of a
,substance by incorporating it in melted agar medium, and
tlhen, after cooling, they inoculated the surface by stroking
with a loopful of a dilute suspension of a 24-hiour culture.
In later work the metlhod adopted by us was to test the
power of inlhibiting growth and killing the organisms in
fluid medium.
The substance to be tested, in a volume usually not exceeding

0.1 c.cm., was added to small test tubes containing 1 c.cm. of the
vulture medium, which conisisted in onie series of 0.7 per cent.
peptone water and in the other of undiluted serum, and theni
0.1 c.cm. of a 1: 20,000 dilution in salinie of a twenity-four peptonie
water culture was added. A control was made with peptone
water or serum without antiseptic: one loopful of this mixture
when stroked immediately on agar yielded twenity or more
colonies of staphylococcus or B. coli. The tubes were then
placed at 370 C., anid were examinied at the end of twenty-four
to forty-eight hours in order to determine the concentrationi of
antiseptic which killed the organisms introduced; the develop-
ment of turbidity, of course, indicated the occurrenice of definite
proliferation of the bacteria, but subcultures were made also oIn
agar and in peptone water. The results of botlh method-s of
subculture corresponded in general; buit it was sometimes
found that cultures containing anitiseptic, whiclh showed no
turbidity after incuibation and in which, hlierefore, little or no
multiplication of organisms had occurred. still contained living
bacteria.

We selected the quantity of bacteria employed for tllo
inoculation dose because, wlhen added to tllh standard
volum-e of fluid used in our tests (1 c.cm.), a loopful yielded
a convenient numuber of colonies for estimating subsequent
increase or decrease. The imiipression miiay arise, however,
tllat tllis miinute quantity was enmploved because the flavine
antiseptics could not witlhstand a test involvinig the rigour
of a larger inoculation. Hence we add tlle following
experiment:
ESTIMATION OF BACTERICIDAL CONCENTRATION OF ACRIFLAVINE

FOR B. COLI IN OX SERUM (570 C.).
The tests were carriedl out as previously described: but three

parallel series were set up, which differedl only in the amoubit
of organisms used for inoculationi. Of a twenty-four hour
peptone water growth of B. coli (Escherich) eachl tube (1 c.cm.
volume) received resl)ectively, in Series A, 0.1 c.cm. 1 : 20,000
dilution; Series B, 0.1 c.cm. 1 : 1,000; Series C, 0.1 c.cm. un-
diluted culture. The mixtures were placed at 37°, and sub-
cultures made on agar at initervals. The controls contained no
acrifiavine.

TABLE I.

Dilution of

Tiimie of
SubcuLltture. A

A.
1: 20,000.

+ 1 :100 000
At once { 10

- ?

2or*,f+ 1:100,000D

(+ 1:100,OOOD
5 houl:s .....

+ 1: 400,000D
24 hours I.- 1: 100.000

'B. coli Culture used for
Inoculation.

Controls.,
B. C.

1: 1,000 Undiluted.

1: 10,0CO

1 : 40,000 D

1: 20,000

1: 100,000D

1: 40,000

1: 400,OOOD

1: 40,000

1: 10,000 15 colonies in
loopfnl froni

2 Series A;
afronm C.

1 40,000 D No increase
1: 10,000 D as compared

? with -ast
once."

1: 40,000 D
Increase.

1: 20,000

1: 100,000D
Increase.

l 40.000

+ =Growth. - =No grow6Th D - Decrease in numilber of colonies
as compared with conitrol miiade frolml same series "at once."

==Concentration not determined.

Thus, a twenty-tlhousand-fold increase in the inoculating
dose causes only about a two-and-a-lhalf -fold increase in tlle
amount of antiseptic necessary to prodluce sterilization.*-
Experiments on the rate of progress of sterilization were

carried out as ani essential uart of the worlk preliminary
to our first report anid the results were briefly referred to,
but it appeared then to be unnecessary to enter into details
on this point. It seems, hlowever, tlhat observers may ex-
perience sorme difficulty in dissociatinig the conception of
poteitcy of antiseptic and bactericidal action from that of
rapidity of sterilization. Furtlher, sufficient emplhasis,
perlhaps, lhas not been attached to the fact tlhat, in order
to secure tile best performanee of thle flavine antisepties,
it is essential that they slhould act in a serous medium.
Tlherefore the experimnental results are now publislhed
more fully-tlle metlhod of tlh' tests -was that already
described. The progress of sterilization has been investi-
gated by making subcultures from the antiseptic mixtures
at intervals of two, five, and twenty-foulr hours. Tlhe sub-
cultures were m-ade by inoculating a loopful of the mixture
into 10 c.cm. of peptone water, and also by stroking agar
and then incubating for forty-eiglht hours at 370 C. The
followinig table (II) gives tlle results of representative
experiments.

Thus, it is clear that, as compared with the otlher sub-
stances tested, the maxinmumil bactericidal action of the
flavine compound is developed conmparatively slowly (pro-
flavine belhaves similarly), whereas mercury perchlloride,
clhloramiue-T and phenol, all exert their maximum effect
witlhin two hours anid no signiificant change occurs subse-
quently. The flavine compound has by tlhat time exerted
only a restraining effect on the multiplication of organisms
in the higher dilutions, wlichll vill becomiie sterile later on;
tllis is gliown by the relative scantiness of growth when a
subculture is made on aaar from the tubes containing those
particular concentrations. The progressive action of the
flavine compound is evident botll in the watery (peptone)

Similar results were obtainied with--rtaplillococctes a.EiLeuts, bub
with the heavy inoculation distinct proliferation preceded the lethal
actior.
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TABLE II.-Ra_te_ of Progre_ss of Ste_ilizatio_ _ith_Fl_av_i_eC_po_nd_s a_ld Ot_le_A_tise_pties.
Acriflavine. Ciloramine-T. Mercury Perchloride. Phenol.

Ti6ie in Hours._
0.7 per cent. Serum. 0.7 per cent. Seu. 0.7 per cent. Seu. 0.7 per cent. SrmPeptone Water. Peptoiie Water. Srum Peptone Water. um- Peptone Water. Serum

B. coli.
2hours*. ,. !+ 1:1,000 1: 100.000 1:10.000 1: 5.0O0 1: 4,C00,000 1: 20,000 1: 500 1: 500OUS.. * (1?1: 20,COO 1: 5,000 1:1,00O 1: 2,C00,000 1:10,000

5Shours 1 + 1: 2,000 1:100,000'*"' *-- t -I 1: ,C00 1: 20,000 4..
+ 1 : 2,OC0 1:150,000 Ditto Ditto Ditto Ditto Ditto Ditto24 hours ..., 1 1:2.000 1:150000C as as as as as as

.1:1,000 1: 100,C00 above above above above above above
48hours J.........*--{+1:10.000 1 :1.000,000

1: 2,C00 1:200,OC0O

Staphtlococcfts aureuts.
2hours f+ 1:10.000 1 :100,000 1:10,000 1: 1,000 1: 1,00',000 1: 20,000 1: 250 1: 250I8 ... *l-?1: 20,000 1: 5,000 1: 500 1: 660,000 1: 10,C000 1

5 honrs . f + 1: 10,000 1:100,003 1: 10,000 1: 5:0 1: 500 1: 250
.. .. ..-? 1:20,000 1:5,C000 ? Ditto Ditto 1:250 ?

~- as as
24 hours + 1:100CO,0 1:400,000 1: 10.000 1:500 ) above above 1:500 1: 500I- 1:20,C00 1: 200,000 1: 5,000 ? 1: 250 1: 250

+ = Growth in subculture in peptone water. - = No growth. ? denotes that the lethal concentration was not determined.

medium and also in serum. The following graplhic repre-
sentations (all to the sa%me scale) of the results in serum
demonstrate strikingly the difference between the progress
of sterilizing action of diamino-methyl-acridinium chloride
(acriflavine) on the one hand, and mercury percliloride on
thie otlher; in this respect the mercury salt behaves
sgimilarly to the otlher antiseptics tested, altlhough, of
course, much higller conc2ntrations of the others are

-0
z .7

7//It I/NHOURS

6VC,OrZRoAL ACrToN OF AMMC4VC C/wlo/ ow0s1V. S I/ SCQ',.
.

-t

I~~~~~~~~
t wo
IIt1000 i

Ilmi /1 IO s. 3

has been observed in the case of the allied methyl-violet
compounds by various observers. Accordingly a fifteen
minutes'- test on the Rideal-Walker plan, especially in a.
watery medium with the filavine compounds, will reveal so
low a " coefficient " as to discourage those wlho would-seek
to estimate the therapeutic possibilities of a substance
according to this criterion..

The Imp)ortance of a Serum Medium in Intensifying
the Antiseptic Action of Flavine Compounds.

The results slhown by thle table also illustrate exceedingly
well the fact whicll has been repeatedlv remarked upon-
namely, that serum is essential in order that the full
bactericidal activity of the fiavine compounds should
develop. This is especially true for B. coli, but also holds
for tlle otlher organisms tested-namely, Staphylococcuts

A4 c7rtqVcl/DAI. AC?/O/V OrO(,AI?u,4/VINV 0/V D.COI1 / S/VrU.

BACrItT/C/DAt ACT/ON Of IYtRCURIC 51OR4D0t ON JCOSIINS/4at

~,eoooo .C ~ I .xI** --- S I~~~~~~~~~~~~~~~~

x Indicates actual observations. The heavy line shows lethal concentrations. The broken line slbows non-lethal concentrations.

required, as shown in the table. After two hours' action
tlle difference between the lethal concentration of mercury
perchloride and of diamino-metliyl-acridiinium clhloride
is practically negligible, as we have previously noted;
subsequently the effect of the fiavine compound becomes
at lIast ten to twenty times more potent than that of the
mercury salt, and even a further increase in the sterilizing
action has been observed to occur from the twenty-fourth
to the forty-eiahth hour (see table). Brill (sul-
phate of tetra-ethyl-diamino-triphenyTmiethane carbinol),
which was first employed in the treatment of infected
wvounds by Leitcb,"' is also slow in action, a feature which

aureuts, Streptococcus pyogenes, and faecalis (enterococcus),
and the bacillus of malignant oedema.

Belatite Bactericidlal Potencies for B. coli. (see our previous
report)-

of acrifiavine in water* ... ... ... 1
, ,,9 9 in serum .. . ... 80

of mercuric chloride in water* ... ... 800
,, in serum ... ... 8

* Containing 0.7 per cent. peptone.

Hence, otlher things being equal, the most satisfactn-ry
tlherapeutic restults are likely to be obtained fronm tLi>se
antisepti6s wlhen tlle conditions of tlhe wound dressing
are so arranged that the antiseptic is acting in a serum'
medium.

'* In our previous report the experimental basis for the conclusion
that brilliant green is preferable to malachite green as a therapeutic
agent, has been fully stated.
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In ordler to test lthis point further, as far as possible
in Vitro, tlle sterilizing action in varying conicentrations
of SCeIruml hlas been estinmated, and it has been found witlh
ntaphlylococcus- and B. coli tllat even 25 per cent. serum
causes a ten to forty-fold increase in the bactericidal
actioln of " acriflavine " anid " proflavine" as com-pared
witlh tlle effect in 0.7 per cent. peptonle -water (hliglher
amoimiits of peptoine-tlhat is, 5 per celit.-di-ininislhed the
bactericidal power).

Iuvestigations lhave not yet decided upon what factor
/ this ilntensifying action of serum depends. Prelimiiinary

experimiienits along- vitlh E. L. Kennaway lhave slhown
that the fluid derived frolmi boiled serumi, wvliiclh con-
tained *a trace of protein, on somlie occaslons intensified
the action, wvhile otlher specimiens laclked tlhis effect.
A specinmen of humi11an cerebro-spinal fluid cointaininig
only a trace of protein also exlhibited the inltensifying
actioni on acriflavine as compared with -the etfect in
0.7 per cenit. peptone water, and in this specim-len of
cerebro-spinal fluid the bactericidal effect was equal to
that in undiluted serum. Thus it is possible thlat the
flavine compounds may lhave ain application ini the treat-
m-nent of cerebro-spinal infections wwhen introduced initra-
spinally. But it is essential that clear indications of the
suitable dosage should first be obtained experimiientally,
since the cerebro-spinal systemn represeints a locus in which
intense and peculiar plharmacological effects occhilr. As
regards cerebro-spilnal meningitis, it lhas been reported
that "1 tlle use of flavine by intraspinal injection lhas beeni
distinctly unfavourable" (Gray); but no details of dosage

.,are given.

Therapeutic Application of Brilliant Gr-eent.
Antiseptics wliiel are diminislled in tlheir activity by

serumi ougyht clearly to be renewed frequentlv in a wound
in order that a concentration letlhal to tlle bacteria miiay be
maintained (unless comiiplete sterilization could be effected
almlost iiiimmediately by a single application!). The danger
attendiingc this procedure is, of corLtse, the possibility
of toxic actioln exerted by tlle substanice oni the tissues,
anid it is for tllis reasoln that carbolic acid anid miier-
curic chloride, wlhiclh are poisonous botlh locally anid
also after absorption, are genierally avoided; oni the otller
band, tlle neutral hypoclilorite solLutionis are rapidly
converted into innocuous compounds. Among(r anti-
septics of the type inactivated by sertium, bi-illiaiit green
possesses tlhe advantage of beilng aLn extreinely potent
bactericide-far exceedina the flavinies in watery.solution-
wlile at thie samle timiie it is comparatively lharmless to
plhagocytosis, as well as to tle tissues locally, and wllen
applied to a wound it is dlevoid of aeneral toxic action on
the body.

i Brillialnt green 1: 2,000 in water represents a bacteri-
cidal concentration for staplhylococcus and B. colt wllich
is respectively 500 and 7 times thlat of Dakin's solutioni;
at tlle salmle timiie it is mnuclh less lharmful to plhagocytosis
tlhani is lhypoellorite. Henice it mniglht be aniticipated tlhat
brilliant greeni would prove valuable wlhen employed
accordinig to Carrel's approved nmetlhod of interimittent
irrigationl at two-lhourly intervals. Lieut.-Coloniel Hull lhas
applied brilliant green iii this manner,and we are inidebted
to himi for an ulnpublislied conmmlunication to the effect
tllat "brilliant gree 1 2,000- las proved stuperior to
Dakin's solution for use according to Carrel's metlhod witli
two-hourly flushing." Brillianlt green lhas previously been
used in the forum of wet dressings with very favourable
results by Leitclb, and also by Ligat,: wlho, by this metlhod,
lhowevcr, found flavinie compounlds greatly superior; it is
dlear from what lhas been already stated wlhy this slhould
have been Ligat's experience. Webb also considers brilliant
green superior to " eusol." As regards furtlher muodes of
application of brilliant green, Lieut.-Coloiiel Hull reports
having used a 1: 2;000 soluitioli in tlle forml of lhot stupes
witlh exceptionally -good results in the case of actte septic
compound fractures and amputation stumps. Ini brns,
brilliant green 1: 2,000 was also used to irrigate the bLrn,
whliclh was tllen treated by tlle paraffi nmetlhod, the
paraffin containing 1: 2,000 brilliant green. This treat-

* For som-ie unascertained reason the bactericidal p)otency of flavine
comnpounds for staplhylococcus in dilute peptone water shows con-
sfderable ,ariations in an &xtended series of experimllents, vhereas
with serum the results are remarkably constant, hence the "lift up")
Aue to the seruni is-caused to vary. -

nient of burns in Colonel Hull's hands p'roved superior to
any tried luethod.

Snug/gested A)pplications in TVound Treatm cuzt.
The sterilizir g action of flavine complpounds-acriflavine

and profHavinc-)r-ogresses graclually as compared witlh
that of meru -y perchloride, pllenlol, or clhloramine-T.
Thus, after two hours' conitact in the presenice of serumi-
mercuric clhloride is pi-actically equal to acriflavino in
its le'thal effect on stapllylococeus and B. coli. But by
this time thie effective action of tlle muercury salt on the
bacteria lhas come to an end, anid a concelntration wlliclh
lhas tlhen failed to kill the organismns exerts subsequently
littlo or no inhibitory effect on tlle proliferation of the
survivOls. On the otlher hand, concentrations of tlhe
flavineF4 whiclh at this period lhave mierely inhibited multi-
plication, later on prove bactericidal, so that finally tlhe
flavine compound is ten to twenty times inore letlhal than
corrosive sublimate. Experiments slhow tllat such con-
centrations of flavine, wllile effectively controlling tlle
bacteria, do not interfere witlh piagocytosis. The clinical
evidence which has already bee-n obtained indicates tllat
wlheni the flavine compounds are used for therapeutic pur-
poses in tlle treatlmient or prevention of septic iufectionl in
wounds this slow pio-ressive action is not a disadvan-
tageous feature, since, on the one lhand, the tissues are not
lharmed by the concentration of tile antiseptic employed,
and, on the otlher, admixture witlh tlle serotus secretions of
tlhe wound enlhances tlle sterilizing effect instead of
bringiing it to an end. It is therefore stuggested that, in
estilnating tile value of antiseptics for theapelutic pur-
poses, a test suclh as that associated witlh the names
of Rideal and Walker, wlliclh involves only a brief con-
tact betwve3n antiseptic and organisms, is not likely by
itself to afford satisfactory indications. altlhough it lhas
been founid ituva'uabWe as a means of determininig the
relative potencies of quicklily actilng bactericidal agents
designiated for sterilizing instrumelnts, clothies, polluted
fluids, etc.
There is a clear indication tllat for tlle treatmenit of

wouniids it is advisable to avoid too frequent fluslling witlh
watety solutions of the flavinie compounds.) The explana-
tion is in all probability a twofold one. In the first place,
the luaximuni anitiseptic effect of flavine is obtained in a
seous medliun. Fturtlher, sinice the antiseptic properties-t--
and also Imost probably otlher actions of tllese bodies-are
not rapidly nieutralized by tlle tissue secretions, too
frequeent adlditiolns of fresh doses may lead to undesirable
culilulative effects on tlle tissues locally. This would
account for un.satisfactory results following two-liourly
irrigatious witlh acriflavine solution used merely as a sub-
stitute for the approved lhypoelilorite. However,.brilliant
green hias proved of great value wlhen employed in watery
solutioln by Carrel's approved metlhod of frequent inter.
mittent flushlinig, wlhichl is to be explailned by tlle fact
that it acts best in watery solution- anid is applicable in a
hiighly-bactericidal concentratiorn witlhout causing Ilarmfuil
effects to tlhe tissues, eitlher locally or genei-ally.

Slhould it be desired to adopt tlle m-aetlhod of introducing
flavine coinpounds inlto wounds by nmeans of tubes, in place
of packing witli gauize soaled in tlhe 1 :.1,000 solution
once or twice daily, it is suggested that the best results
may be obtainied by introducing small amlounts of fluid, the
frequency of tlle i-rigations not exceedinlg thlree or four in
tlle twenty-fouir lhours. Tllere is, lhowever, no reason so
far for suggesting that the iuetlhod of irrigation will prove
superior to pacliing adequately applied; in fact, the
evidence now at disposal points definitely in tlhe 'other
direction'. It is hardly necessary to comment on -the
numero-us advantages wichl would attend a nmethod
necessitating, only one or tw o mallipulations of -the
patienlt daily.

Onice the infection has been practically overcomiie con-
siderably weaker solutionls of flavinie bodies tlhan 1:1,0G
-for example, 1: 5,000-may be sub.sequenitly employed
with advantage, or in late stages the application of flavine
mlay be intermiiitted for a day every few days, dry dressing
beinig sul)stituted -in the intervals, or one may use "stimu-
lating " applicationis suclh as Leitel first demonstrated
brillianit green (1: 1,000) to be. Since individual variations
in tle bellaviour of the tissues of different patients must

f We are indebted td Dr. Carrel for a preiimninary account of
observations on this poij'tin the case of acriflavine;

- *
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play an important part in the process of healing it is im-
portant to discover at this stage what compound will
secure the best progress.*

Prevention of Sepsis.
Special attention is direct?d to two furtlher points-first,

the possibility of preventing sepsis by the use of flavine
compounds in early wounds at a period before the evidence
of infection has developed. It may be doubted whether it
is advisable to practise immediate suture of war wounds
in the fashlion wlicih bas been so successful in civil
practice after tllorough surgical cleansing and pouring in
as much acriflavine 1: 1,000 -as the tissues will contain;
uossibly an interval of some days should be allowed before
sut-Uring, and if success -follows tllis procedure the time
may be slhortened. It may be noted lhere that there is
every indication that p.oflavine will be at least as harmless
to the tissues as acritiavine when injected subcuitaneously
and between muscle planes. Secondly, attention is
directed to the promising results wlhich lhave attended the
use of flavine compounds wvith the purpose of preventing
recrudescence of acute septic miianifestations wlhen opera-
ting in an area already infected, for example, in secondary
amputations.

The Importance of Prelimtinary Operative Procednre.
It must be emplhasized again tllat the usual surgical

procedures are an essential preliminary to tlhe use of
flavine or brilliant green, in ordler that these antiseptics
mnay be enablqd to act effectively. As we have stated in
our previous communiication in connexion with the
necessity for procedures - which shiall combat or prevent
septic infection, "there is a great measure of agreement
that the removal of dead tissue and the conversion of the
wounded area into a free surface by incision and excision
are essential factors"; and, again, in relation to the
prophylactic application of flavine, " of course such treat-
ment is to be used in addition to operative procedures."
No quantity of flavine bodies, nor of any othler feasible
antiseptic so far available, seems likely to prove efficacious
.whlien there is failure to remiiove considerable portions of
.necrotic tissue or foreign bodies. Intimate contact of the
antiseptic with the infected tisstue must be secured.-' The
fact should -not be overlooked that in our first publica-
tion we expressly enmphasized such considerations. On
the other htand, it would require the greatest optimist to
Assert that operative procedures in themselves aclhieve all
that could be.desired in the treatment of infected woounds.
.fT-has, there is little doubt tllat the appropriate employ.
,ment of efficient therapeutic antiseptics, combined witlh
-operative measures, can efft ct an almost incalculable
saving; suclh benefit will be especially evident if the
.antiseptics may be applied simply and quickly.

It has been the purpose of our work thus far to examine
cerJ;ainlittle-known 'antiseptics, like brilliant green, or
.substances like the' flavine bodies, whose almost unique
lcharacters as potent bactericides do not seem even to have
.been suspected. Laboratory tests as well as clinical trials
have demonstrated, inter alia, that these compoumds axe
,devoid of. harmful sside-actions wlhiclh might prejudice
.their use. Accordingly, we venture to urge most srangly
their employment on an extensive scale, as we believe that
their outstanding properties can be utilized practically to
great advaiitage,. and will lead to. general recognition of
the fact that they constitute a notable addition to the
treatment of infected wounds and otlher accessible localized
infective lesions. Work- is in progress witlh a view to the
developramt-of -substances suited for special uses, and it is
hoped that further advance may. be effected if tlhose
interested' in special 'clinical aspects will formulate the
requirementg wlich they desiderate in suibstances to be
employed for their particulaw purposes.

SUMIMIARY.
1. Flavine compounds and brilliant green ate antiseptics

which exert a slowly progressive bactericidal .action.
* En certain cases the prolonged application of lavine dressings to

the skin has cauised, tbe appearance of a vesieular eruptida, which has
rapidly disappeared on interrupting the treatment.

1 Theat*rsin of fiavine compoulnds iX 'followed 'by-n arn5esirance
of green ;adorescence in the urine, h3ut no toxic action has -been foulnd
to result theefromn. Observationis on intravtenous injection wvill be
recordedl elsewhere.

- Sev-eral clinical observers have applied flavine compounds in-
corporated in a paste with a view to securing " d4p&t" action (see
Bond, BurrlsHI MEDICL JOtYINAL, JulyZ 7th, 1917).

Concentrations of these substances which at first inhibit
and finally kill bacteria, are witlhout harmful effect on
plhagocytosis or on the tissues locally or generally; lhence
they are specially suited for therapeutic purposes in
infected wounds. Flavine compounds may be applied to
the peritoneum withi safety.

2. Flavine compounds (acriflavine and proflavine) are
enhanced in their bactericidal potency by the presence of
serum; brilliant green, in common witlh most other anti-
septics, is reduced in its activity by serum.

3. Tlle most suitable method of application of an anti-
septic for therapeutic purposes must depend very greatly
on its behaviour in tlle presence of serum. When the
antiseptic is inactivated by serum, frequent renewal of the
watery solution is indicated as in Carrel's procedure; this,
of course, is only permissible provided that the substance
is not in itself toxic.

4. Brilliant green satisfies the requirements for applica-
tion by repeated irrigation, as a powerfully bactericidal
solution (1: 2,000) in water is practically innocuotus to
the tissues. On the other lhand, since flavine compounds
are nmost bactericidal in serumn, the indication is to arrange
the wound dressing so that these antiseptics may act in a
serum medium; also, since these bodies are not rapidly
thirown out of action by serum accumulative deposit
should be prevented by avoiding tbo frequent additions of
considerable quantities of the antiseptic solution. Clinical
experiences hlave substantiated these conclusions, and the
evidence at disposal points to the application of flavine
bodies by means of gaUze packing or some appropri&te
modification of this procedure as likely to yield thle best
results. Thius there is evidence th1at, by taking fulI
advantage of the properties of flavine bodies, a relatively
simple techinique nay be followed.

5. The application of the flavine comnpounds especially for
thle purpose of preventing thle onset of septic mianifestations
in early wounds is emniphiasized; also their use for, pre-
venting exacerbations after operatin]g in areas already
infected.

6. Operative nmeasures are an essential preliminary to
the effective uise of thlerapeutic antiseptics in wounds,
since the antiseptic can act only whien broughit into
intimate contact withi thle infected tissues.
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PART II.
HEAT- STROKE.

Tus cases coming under the heading " Effects of Heat,"
though interesting, were depressing and disappointing, for
so very-often treatment was unavailing. I shall not soon
forget the streams of patients in June and July who were
hurried to tlhe bath-lhouse, nor the occasion when nearly
a dozen stertor.ous patients lay in the open -air along the
side of the creek, many of whom went to make up the
sixteen funerals that left our lhospital the next day. These
men were not-weaklings, but often big strong fellows wlho
might be expected to be the last to go under. Nearly
every case illustrated the importance of propliylaxis and of
early treatment,. and those that developed in hopital titen
recovered as the result of prompt meastir-es-to reduce the
-temperature. But the heat regulating centres are so muec1
deranged that relapses are common, an there can be -no

'Part I was published on July 14th. page 33.


