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THE BEHAVIOUR OF IIYPOCIILORITES ON
INTRAVENOUS INJECTION AND THEIR

ACTION ON BLOOD SERUM.::
BY

H. D. DARIN, D.Sc.

1fYPOCHLORITE solutionis containing variable amouints of
free h1ypochllorous acid lhave beenI emnployed fairly ex-
tenisively for the local treatment of infected wounds.
Recently olne of these solutions, "eusol," introduced by
Professor Lorrain Smith alnd his co-worlkers, lhas been
administered" by intravenous injection wviti apparently
successful results in cases of septicaemnia and toxaemia.'
It was of inlterest, tlherefore, to endeavour to determine
some of the factors condlitioning tlle action of this solution
and related substanices.

Tlle object of tlle following communication is to describe
certain experiments wliceh appear to prove that lhypo-
clhlorite soltions when injected intravenotusly in quantities
simailar to those employed for therapeutic purposes cannot
exert any appreciable direct germicidal action. It slhould
be noted tlhat, with the exception of certain experiments
by Cordova,2 in which ensol given intravenously was
stated to be capable of protecting rabbits fromn lethlal doses
of staplhylococci and B. capsulatuts, no direct curative
effects lave been claimed in cases of septicaemia in whicl
organismis were isolated from the blood. Lorrain Smith,
Ritellie, and Rettie state that "1 the metlhod of intravenous
injection may give favoourable results in cases of general
septic infection in the field, ganigrene, tetanius, and other
kindred conditions clharacterized by toxaemina."

1. Quantitative Relations.

Eusol lhas been used for intravenous injection in man
in doses ranging from 60 c.cun. to 100 c.cin. An average
ftull dose imay be talken to be 100c.cmi., correspondinig to
0.27 gramii of liypochlorouis acid. This amlouint is at once
diltuted wvitll fouLr or five litres of blood, so that tIme possible
concentration of liypoclilorous acid, assuming thlat no

decomlposition of tlle drug by tlle blood occurs, is not mnore
than 50 to 65 mg. of bypochlorous acid per litre. Even
if this concentration persisted temporarily, wlich will
slhortly be shown not to be the case, it is muchl below the
concentration of hypochlorito at whiclh active direct action
is observed, wlhen tested against organisms sucll as B. coli
or staplhylococci suspended in blood, or even in seran.

Direct experiments in wlliclh B. coli or s aphylococci
were miixed with sterile rabbit serunm or plasma, and
tlheim 70 mg. per litre of hypochllorous acid in tlle form
of eusol added, slhowed no marked diminution in the
number of organisms in tlle course of two lhours when

coripared with a control experiment in wlicll no hypo-
clilorouis acid was added. Precisely similar results were
obtained when tlle hypochlorous acid solution was injected
iintravenously into rabbits, and the serum taken before and
after the injection was tested against B. coli inz vitro.
The following are typical results. Tlle concentration of
hypochllorous acid added was 70 mg. per litre in all
cases.

Organisms per drop,
Mixture. Z- c.cI-.,at end of

two hours.

1. Normal serum + B. coli . ... 78
+ B. coli + HCiU 640

2. Normal serum + B. coli .. . ... 1120

,II 9 + B. coli + HOl0 ... ... 1280
3. Normal serum + B. coli ... ... ... ... 1640
Serum after injection HCIO + B. coli ... 1760

The changes are in no case significant. Miss Cluick
has already shown tlhat normal rabbit sernum has prac.
tically no action on B. coli during the first few hours of
action. The above experiments followed tlle technique
described in Miss Chick's paper.

2. Fate of Hypocel7rites on Intravenous InJection.

Hypochlorous acid or its salts exert tlheir klnown anti-

! The work here referred to was do'ne with the assistan-e of a grant
fromim the Medical ]Research Conmlmittee. Tho experiments were miade

the laboratori*s of flie Committee's Departumeut of Biochemistry
Pharmuacology. I ani indebted to Dr. H. If. Dale, F.B.S., for

much helpful advice and for facilitating my work in every way
possible.
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septic action on account of the active clhlorine contaiinedI
in tllCm. This active clhlorine may occur in two forms:
that present as unlchanged hypocilorite, and chlorine
loosely bounid to amino compounds, including proteins.
Clhlorine in botlh of these forms is able to liberate iodine
from an acidified solution of potassium iodide, and lhence
may be easily detected. Tlle antiseptic value -of the
chlorine loosely bound to amino compounds, in " cllora-
nmine" form, probably varies as the ease with wllich it
can be detaclhed so as to permit of union with other
substances, inclu(ding bacterial protoplasm. But hypo-
chloiites can combinie with a variety of substances by
reactionis of a different kind from that just mentionled.
Thus, for example, the chlorine may become attaclhed to
carbon atoms.present in proteins and otlher substances,. and
then loses its power of liberating iodine fronm potassium
iodide, and confers nio germiiicidal properties on the product.
Furthermore, it is probable that direct reduction of
hypochlorites to clhloride may occuLr in the body, for this
is a common reactioil in vitro. Thus it is seen that
lhypochllorites may be decomnposed and lose their germi-
cidal properties by a variety of reactions. Clhanges of
this nature apparently occur with great rapidity when
hypochilorous acid or its salts are injected intravenously,
for a muclh greater quantity of "eusol"' per kilo of body
weight tllan is used therapeutically nmay be injected
intravenously into animals withlout the appearance of a
detectable trace of active chlorine in the plasma or
serum.

Tlhe following is a typical experiment. Under ether
anaesthesia cannulae were placed in tlhe carotid artery and
femoral vein of a rabbit weighlinlg 1,820 grams. Eusol of
about lhalf-strenugth (1 c.cm. = 1.3 mg. hypoclhlorous acid)
was injected into the vein, anid almost immediately after-
wards blood was drawn from the artery into citrato
soltution, rapidly celntrifuged, and tle plasma tested as
promptly as possible for active -chlorine by adding potas-
siunm iodide, acetic acid, and excess of dilute starclh paste.
Control experimtients shiowed that tlle citrate did not
interfere with the reaction; 7 c.cm. of the eusol wero
injected fairly rapidly, and then the first sample of blood
was witlhdrawni. Further samples of blood were taken
after eaclh additional injection of 2 c.cm. of cusol.
Altlhough lhaeniolysis was detectable in all samiiples of
blood, and was very imarked in the later ones, no trace of
active clhlorine was found in tlle plasma obtained after
the injection of 19 c.cnm. of the lhypochlorite solution, and
only a doubtful reaction was obtained after furtlher
additionsDvhich finally killed tlle animal.

Tlhe volume of blood in the rabbit used in this experi-
ment mlay be talken as approximnately 125 c.cm., so that it
is calculated that at least 200 ira. of liypochllorouis acid
may be added to eaclh litre of circullating blood before any
detectable trace of active chlorine appears in the plasma.
Tilis amount is more than three times the thera-
peutic dose. It may be noted incidentally that the
minimal additioni of liypochilorous acid to blood serum that
will produce a positive reaction for active chlorine confers
no added germicidal properties.

It might be suggested thlat in the foregoing experiment
active chilorine could not be detected in the blood plasma
on account of its being taken up by the cells. But special
experiments showed that blood serum from rabbits and
sheep required tlle addition of from 35 to 80 mg. of hypo-
cllorous acid per litre before any active clhlorin-e persists.
Finally, it may be noted that if circulating or drawn
bloocd is mixed witlh an amount of lhypochllorous acid
just sufficient to yield a plasina or serum giving a
definite positive reaction for active chlorine, the latter
rapidly disappears in the course of a short space of
time.
From the foregoing experiments it appears in the highest

degree improbable that any direct germicidal effects cain
be ascribed to lhypochlorous acid or its salts when injected
intravenously in the prescribed therapeutic doses.

3. OIlher Effects of Hypochlorites when givez
In travenously.

Wlhcn hypochlorite solutions are injected intravenously
into rabbits a certain amount of haemolysis is observed
even withl doses as low as 1.5 c.cm. of eusol = 4 mng. of
lhypochlorous acid per kiilo of body weight. Witl larger
doses the haemolysis becomes more intense and the
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coagulability of the blood becomes diminished.; Wlhen
letlhal doses of hypochlorite preparati6ns or ch1loramine-T
are given intravenously a mnarked increase in the- peri-
cardial fluid and oedema of the lungs is commonly
observed. It appears that in large doses the substances
act as definite endotlhelial poisons.

Since tlle experiments already referred to appear to
prove that hlypochlorite preparations given intravenously
can exert no appreciable direct germicidal action, it
appeared conceivable
that tlle favourable B -
clinical results stated
to follow their em-
ployment njiglht be _
due to an inidirect
action in stimulating 6
the production of
antibodies. Tlhus far o
I lhave only had the 0 - _
opportuniity of in-
vestigating tlh effects
of lypochllorites A4 ______
given intravenously ,
on tlle antitrypsin of /,
the blood. The re- - 3 - -
sults seem of interest °
since Wright and ':/ /
othlers lhave stig- 2 - -
gested that anti-
trypsin plays an im- -I__portalnt part in the-l
normal antibacterial
properties of blood.
Wh1ethier eusol Or Serum ni r;gen 13 4z _
oth e r hypoochlorite in milligrams
preparations act as CHART 1.-Showing reduction in antitry

eusol, followed by inerease above normal. Ia stimulus for the ju, twentv-four hours after.
prodLuction of otlher
non-specific antibacterial and antitoxic substances is a
questioni that requires furtlher investigatioln.
For tlle experiments on the effect of hlypochilorite given

intravenouisly on the antitryptic action of the blood I
enjoyed thle co-operation of Dr. G. S. Walpole (and hiis
assistant). An exceptionally precise metlhod devised by
hinm was employed, the details of wlliclh will be publislhed
slhortly. The metlhod essentially consists in the estimation
by means of the dippinig refractometer of the products of
tryptic digestion, result-
ing from the interaction 77 -
of constant quantities of °2
trypsin and casein in
the preselnce of varying
amounts of blood serum. z
I am much indebted to X 1 _ 1 1
Dr. Walpole for per- -
missioni to make use of
his metlhod and results. I__I_______|

It was found that
when small amounts of
hypochlorite, either in o ___
the form of eusol O'
teutral sodium lhypo-
chlorite, are inject6dd -
intravenously intoI
rabbits, a fall is observed
in the antitryptic action ' 1
of blood serum taken
immediately after the
injection. But if another
samlzple is taken twenty- G.cm. serum
four hours after the in- CHART 2.-Showing greater disappewfcour 1-ioursaftermonlein- chlorite solution when treated with sjection, it is comimonly large.
found tlhat recovery in
antitryptic action hma proceeded to a point significantly
in excess of the original value before hlypochlorite was
given. A typical exam-ple is slhown in Chatt I, in wllich
the actual inhibition of tryptic cfigestion due to anti-
trypsin, and expressed in scale ninits of the refracto-
meter, is plotted against the varying amaounts of serum,

* It has been st.ted tbat only eusol can be injected with safety,-
and that sodiuln hypochlorite must not be used. I have been unable
to detect any siguificant difference between the effects of eusol andsodiumlihypochlorite, prepared according to the formula given in the
BRITISH MEDICAL JOURNAL, August 28th, 1915.

which, for uniformity, are reckoned in milligrams of total
nitrogen. The curve mnarked I represents tlle initial anti,
tryptic action of the blood serum; that marked II the
antitryptic action of the blood serum taken imnmediately
after the -injection of 5 c.cm. of- eusol (= 14 mg. of
hypoclilorous acid) inito the ear vein of the rabbib,
wlhich weighied 1,940 gramns; and that marked III, tlle
antitryptic action of tlle blood serumi taken twenty.
four hours after the injection.

-F-Ti- ~~~~~~~~~~~K1!~~~
F~k

Simllar effects
were found to follow
the injection of com-
parable amnounts of
sodiuMl hypochlorite.
The action of lhypo.
clilorites in causing
a pri.inary fall in the
antitryptic action of
the blood serum, fol-
lowed by a secondarv
increase, is shared
by mrany other sub-
stances.

--- , A--'- -- 4. The Action of
Hypochlorites and

____
I__II of Chiorarmine- T

-[ - t- |1- i oni Blood Serutm.
jl .1 1 g The rate of deconm-

- j ____ __ pposition of hlypo-
clllorites by blood
serum is a question
of some importance

6 i 8 9 to 11 in connexion with
the local treatment

Dptic action of blood after injection of of infected wouinds,
i, BeforeinJection; ii,immediately after; since the rcsuts

afford some indica-
tion of the way in which the active mass of the aniti-
septic may become rapidly diminished. In the case of
both eusol and neutral sodium hiypochlorite a curious
fact was observed-namely, that a small amotunt of
serumn may bring about the disappearance of nmore active
chlorine in a given time than will larger amnounts of
the same serum. This somewhat paradoxical reaction,
which was independently observed by Dr. Hardeni, is best
illustrated in the form of a chart showing the disappear-

ance of active clhlorine
titratable with potassium
iodidle and sodium thio-
sulphate, when a con-

1I- Ei"_I t Istant volume of hypo-clhlorite is mixed with
-}LI j vavarying amounts of

serum, and allowed to
stand for thirty minutes

TI __I I I I Iat 20°. Similar results
) - -II' I'-I | were obtained when the

| | reaction was allowed to
- |__ I |- ____ ____ continue for a longer

I period. The typical re-
sults shown in Chart 2

- - - -j | were obtained by imnix
ing 5 c.cm. of neutral
hypoclilorite containing
12.6 mg. of hypoelblorous
acid with varying
amounts of sheep serum.

9i0 Tile explanation of
this curious action oftrance of active chlorine from hypo- small amounts of serum

small amounts of serum than with
on hypochlorite is to be
found, I believe, along

the following lines. Wlhen the mass of the protein in tile
blood seruin is relatively small compared to that of tle
hypochlorite the amount of chlorine taken up per molecule
of protein is large, and the product becomes unstable and
is readily hydrolized. This lhydrolysis lhas the effect of
liberating, from the protein more amino-acid complexes,
which can react with additional hlypochlorite. Now
Langheld has shown that amino-acids react with hypo-
chlorites to form the sodiulm salts of mono- and
di-chloramino-acids, and it is now known that thjese
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substances decompose spontaneously to give aldehydes
or nitriles respectively, with liberation of carbon dioxide,
while the chlorine is converted into inactive clhloride.

R, CHNH2.COOE +NaC10 R. CHNHCl.COONa +_20
R.CHO+NaC14C02+NIIa

R. CHNW12.COOH +2NaC10 R. CHNCI.COONa -
R. CN+2NaCl+CO2

I have observed tUat whlen small amounts of serum are
acted on by relatively large amounts of hvpochlorite, botlh
gas production and aldeliyde formation are muclh more
pronounced than when the relative mass of serum is large.
The fact harmonizes wvith the suggested explanation of tlhe
reaction between hypochlorites and serum. Wrhen the
nlass of sertum is large in relation to the hypochlorite, it
appears that the smaller amiiount of clhlorine taken up by
the -protein does not confer on tlle prodtuct sucll in-
stability as is seen in the case of more hiighly chilorinated
substance. Clhloramine-T, whlen added to serum, does not
react like fiypoclhlorite, but is decomposed to a smaller
extent, varying directly with the relative nass of serum.
The above experiments are of a preliminary character,

and it is hoped that some of the practical questions
arising from them mnay be more closely investigated.
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utbituz.
LOCALIZATION BY X RAYS AND STEREOSCOPY.
Localization by X Rays arni Stereoscopy I is the title of a
b)ook by Sir J. MACKENZIE DAVIDSON wliichi is publislhed at
an opportune tim-e, seeing that the exact localization of
foreign bodies withiin tlle lhuman body is of suchl vital
importance wlhen so imaniy wounded lhave to be dealt with
accurately and with rapidity. Many time-saving metlhods
of localization have been devised during the past eighteen
months, mostly based on Davidson's original cross-thread
method; few, if any, of these are quite so accurate. The
stereoscopic metlhod, also a discovery of the author, has
not been, and is not, used so extensively as it should be.
The simplicity of technique in the taking of such radio-
graphs, the theory, and. the way to apply the results are
all well set out in this work, which, after dealing with the
x-ray tube aud secondary radiations and protection,
dlescribes in detail the use of stereoscopic radiographs.
The last chapter, and one to which the autlhor directs
especial attention, is on the precise localization of foreign
bodies in the eye and the orbit. If anything was wanting
in the previous chapters to convince the reader of tlle
accutracy possible in localization, this last chapter would
supply that want, for in dealing with foreign bodies in
these situations Davidson's methodamay be said to stand
alone, its simplicity and accuracy being little shiort of
marvellous.
On p. 22 will be found a description of a new x-ray

couch whiclh for simplicity of design, for adaptability to
war work at the front, for ease and cheapness of construc-
tion, and for efficiency in doing what it is meant to do,
will be hard to beatt Accompanying this is a very ingenious
screen instrument which, when used with this couch or
others of similar design, will enable the operator to read
off on a scale the depth of a foreign bodv under a marked
skin spot. In advocating stereoscopy attention is drawn
to " the misleading single picture." With a knowledge of
what is going on at the present time, with much of the
war work being done by unskilled and even untaught
x-ray operators, and with surgeons inexperienced in radio.
graphy, greater stress mighit well have been laid on this
point. If the author had suggested that for a surgeon to
act on thSe shlowings of a single radiograph when searching
for a bullet was almost criminal, he might not have been
going too far. Tlle illustrations are excellent and an
tLocalization by X Bays and Stereoscy. By Sir J. Mackenzie

Davidson, .M.B.,. C.M.Aberd. -London: H. K. Lewis and Co., Ltd.-
1916. (Roy. Bvos pp. 83; 26 plates. 61 fig,ures. 7s. 6d. net.)

important feature. Many diagrams help materially in
the understanding of the x-ray descriptions, and at the
end are a number of very beautiful reduced stereoscopic
radiograms which can be viewed with one of tlle small,
cheap stereoscopes so much in vogue. Whilst the expert
in radiography can learn much that is of value from this
publication, it is nevertheless of even more value to the
surgeon, and especially to those surgeons who at thle
|prescnt time are attached to the army.

MEDICAL ETHNOLOGY.
Medical E 7tnology,2 by Dr. WOODRUFF, wiil interest
students of anthropology and possibly also those of
tropical meclicine. The work was beguni, tlle autlor
tells us in the preface, as a revision of the first edition
of The Effects of Tropical Light on White Mlen, but it
was necessary to clhange the title because so many otlher
factors besides pigmentation have cntered into thle dis-
cussion of the reasons for tlle differences between the
present races and sub-races of men.
The subjects discussed in the twenty clhapters include

tthe effects of light on man, the auestion of pigmentation,
actino-therapy, the cause of the extinction of migrants,
etlhnic psycllology, etc. One thing the work brings out
very clearly is the slender basis on wlichl rests the hope
that the wlhite man will ever be able to inlhabit the
tropics-that is to say, to live there for good, breeding
and propagating h-is species, even wlheln all the diseases
hav3 been eradicated from them. Dr. Woodruff gives a
good example of the mania amongst some people to deny
that climate can affect any one. " Tile most notorious
case was that of Civil Service Commissioner Waslhburn,
who stated that the climuate was not harmful if one was
moral and sober, and that if he did break down recovery
was possible tlhere. Within a- few months lie lhimself
collapsed and had to go away to get well." Similar cases
can easily be quoted fromn British colonies, one examiple
tllat is often mentioned being the sad end of a, man wlho
was trying to get other people's leave cut down, but before
hie lhad progressed far in hlis endeavour was himself re-
moved by death. The advocates of the white nman for the
tropics seem to forget all about neurasthenia, irritability
of temper, and loss of memory, or evidently do not con-
sider them as diseases. These are, however, the very
tllings that finish off so many people and render tlhe
unfit for furtlher efforts in a lhot climate. Malie the tropics
healthy by all means, so that the constant stream of
migrants to them may have a clhance of retLrning lhome
again fit and well, but do not delude white people into tlle
belief that if disease is stamped out they can make a per-
manent home there. In writing hlis book Dr. Woodruff
has qutoted largely from the literature, and incidentally
has perpetuated many of the mistakes to be found in it-
for example, the part on- heat exhaustion, on p. 136, is
lhopelessly involved, and even distinctly misleading. Again,
we cannot agree with him in all he says as regards light
as compared withl heat in producing symptoms. State-
ments also, suLch as that cases of chronic malaria have
been cured without quinine by a five-minute dose of x rays
to the enlarged spleen, would have been better omitted.
The question of why certain races are found in som-ie parts
of the world and not in others is, however, a fascinating
one, and a perusal of Dr. Woodruff's book will give the
reader plenty of food for thought.

2Medical Ethnoiogy. By C. B. Woodruff, A.M., M.D. London:
WX TThinAfllann. 1916. (Med. gvo. Pn. 328. 10s. net.)

NOTES ON BOOKS.
IREADERS of the BRITISH MEDICAL JOURNAL will have
studied with profit and amusement the articles on the
Miinor Horror of }Far written by the Master of Christ's
College, Cambridge. The articles have been collected
Into two volumes, of which the first was reviewed in
our issue of April 17th, 1915. The sec3nd series, entitled
More Minor Horrors,3 contains fourteen chapters, of which
ten have already appeared in this JOURNAL. The book
gives very readable accounts of such pests as cockroaches,
the bot-fly, the mosquito, the biscuit weevil (so fainiliar
to readers of Clark RuLssell's nautical novels), the fig-moth,
the stable-fly, rats, and the field-mouse. There are

8 More Minor- Horrors. By A.- E. Shipley. SD.D., Hon. 8c.D.Prlnce.
ton, F.R.S. London: Smith, EIder, and -Co. 1916. (Cr. 8vo, pp. 177 1
49 figures. (Paper, lis. 6d. not; cloth, 2s. net.)


