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The Relation of Tetanus to the Hypodermic
or Intramuscular Injection of Quinine.

CHAPTER L

Entroduction.

VERY now and again we are confronted with the observation that cases of
tetanus oceur after the hypodermic or intramuscular administration of quinine,
aven in circumstances where every possible care has been taken to ensure sterility
of the syringe and fluid injected. When an accident of this nature oceurs it is only
. natural that the patient’s friends and the publie should feel inclined to throw the
blame on the operator, and reproach him with having used a contaminated syringe,
or contaminated solution, or with not having sufficiently cleansed the skin before
introducing the needle.

In some cases it is possible that one or the other of these precantions may have
been overlooked ; but there are facts which clearly account for cases of tetanus
supervening after quinine injections, where none of the precautions mentioned
has been omitted.

At first sight it would seem impossible when given a sterile syringe, sterile
quinine solution, and sterile skin at the site of inoculation, to produce tetanus,
and so it would be except for the fact that there are people who harbour in their
bodies tetanus spores, which may lie dormant either in a recently healed up wound
or abrasion, or possibly in an old healed up injury long since forgotten. There
are also many healthy individuals who harbour tetanus germsin their intestinal
tracts. Tetanus spores being extremely resistant and ecapable of surviving under
very adverse conditions for many years, it follows that they are not likely to
give up their disease-producing qualities by remaining in a resting stage when
stowed away in the tissues, and as a matter of fact we know from experiments on
animals (see table XIII) that they can remain alive and retain their virulence in
the tissues for seven months at least, and very possibly for years. Tetanus
spores have also been proved to remain alive and virulent on a rusty nib for as
long as 18 years. Compared with this test of their vitality, the shelter which
they find in the tissue of an animal would not be likely to reduce their pathogenic
capabilities should conditions for germination become favourable.

In a latent tetanus-spore infection there are many conditions, in addition to

the hypodermic injection of quinine, which would favour the growth of the spores,
g 2
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but as these conditions have no direct connection with quinine as a favouring
agent it will be necessary to mention only a few of them. i

It has long been known that in campaigns where soldiers are subjected to
great fatigue coupled with extremes of heat and cold many cases of tetanus OCCur,
Here the depressing influences of fatigue, in conjunction with great heat or great
cold, would diminish the resistance in those who harboured infection.

Fournier Pescay! states, ** On several occasions when men had marched all
day under a blazing sun in Spain, a number were attacked on the following day
with generalised tetanus.’’

Baron Larrey?® states, ** In the Austrian Campaign in 1809, the wounded who.
happened to be most exposed to the cold and damp air of the freezing nights in
Spring, after having endured different degrees of very high temperature during the
day were almost all attacked with this disease which was prevalent only at this
season when the thermometer fell at night to half its daily maximum. The day
on which the battle of Bautzen was fought was very hot, and the following night
very cold ; next day there were 110 cases of tetanus. After Austerlitz, and Eylan
and during the retreat from Russia, there was scarcely a case of tetanus, the
temperature was very low but uniform.””

Seidillot? states, *° Our wounded at Constantine in 1836, who were placed in
narrow corridors, and who had to endure hot days and frosty nights, were attacked
by tetanus in very large numbers.”"

It will be seen from the few quotations given that extremes of heat, cold, and
fatigue, were clearly recognised as factors conducive to tetanus, and at a time
when nothing whatever was known ahout the causal micro-organism. Poszibly
some of the wounded mentioned by the observers here quoted may have con-
tracted tetanus from the ground on which they lay, but the fact of such
an acute observer as Baron Larrey associating the disease with extremes of heat
and cold is significant, and in the example given by Fournier Pescay the men were
not wounded at all.

Quinine, when given hypodermically to a spore-infected person would produce
favouring conditions for the production of tetanus in two ways—

(1) By a paralysing effect on the phagocytes when given in large doses and
for some time.

(2) By destroying tissues at the seat of injection, and by this means pro-
ducing a suitable local anaerobic focus where a stray phagocyte carry-
ing tetanus spores might get stranded.

It will be seen from the experiments in this paper, that a hypodermic injection
of quinine in animals invariably destroys tissue at the site of injection, and dead
subeutaneous tissue would act in every way as a suitable medium for the germina-
tion of tetanus spores irrespective of how they found their way there.
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In 1904, Vincent* brought forward observations which proved that the physio-
logical action of quinine can prevent phagocytes from successfully coping with
tetanus spores ; and that quinine, heat and other depressing influences, diminish
the resistance to tetanus in animals inoculated with spores.

Small doses of quinine would increase the leucocytes, and probably also in-
crease phageeytosis, but when large doses are given the paralysing effect of the
drug on leucocytes has to be taken into account. Further, there is another
condition to be taken into account when quinine is given hypodermically, w»z.,
the malarial infection for which it is given; this would lower resistance to most
infections, tetanus included.

Many hearsay records might be mentioned in which tetanus is said to have
followed the hypodermic administration of quinine, and no doubt many of these
are authentic, but in the absence of sufficient authority to vouch for their accuracy
one would not be justified in treating information of this kind with the respect due
to established facts.

It is a pity that medical men who have had to deal with such cases have not
been more eager to publish all details connected with them. Possibly the fact of
tetanus following any operation being looked upon as a misfortune which ought
not to have happened, may account for little being said on the subject, and for
obvious reasons one can understand this being the case.

There are, however, a number of cases recorded.

Maclean® mentions six cases ashaving occurred in India, the details of which
were brought to his notice. These cases evidently made a deep impression on his
mind, for he adds, ** There is something revolting in a death brought about directly
or indirectly by a remedy intended to cure.”’

Manson® issues a note of warning when he states, ** Not only abscesses, slough-
ing and chronic painful indurations have sometimes followed the hypodermic
jnjections, but also tetanus.”” Manson evidently believed that the quinine
had nothing to do with tetanus for he adds, ** In these latter unfortunate
coses it was not the quinine that caused the tetanus; it was the tetanus
bacillus, and this tetanus was introduced either in a dirty needle, or in a fouled
solution.”’

Vincent? mentions that the French in Madagascar had eleven cases of tetanus
following upon injections of quinine ; and he also draws attention to a number of
cases reported by other observers.

In India 10 cases occwrring after injections of quinine have been brought to
my notice. In one of these cases the tetanus bacillus was isolated by me from a
sample of the distilled water in which the quinine was dissolved, so that in this
particular case the quinine was evidently not altogether to blame, but it may have
been conducive to infection by establishing favourable local conditions when the
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same amount of tetanus-infected water might not have produced the disease given
with a morphia or coecaine injection.

We know that hypodermic injections of morphia, cocaine, strychnine, or
digataline are rarely (if ever) followed by tetanus. I cannot remember ever hear-
ing of a eage of morphia injection giving rize to tetanus, and I am sure it is a method
of treatment more generally adopted than quinine injections. The syringes used
for morphia, cocaine, ete., are just as likely to be septic as those used for quinine,
g0 it cannot be altogether the cleanliness of the syringes used which accounts for
the difference.

Quinine being a protoplasmic poison iz not likely to harbour living tetanus
spores before being dissolved, and the acidity of the tabloids used now-a-days
would not admit of any tetanus spores remaining alive in them. On numerous
occasions I have made anaerobic cultivations from quinine tabloids, but have never
succeeded in isolating tetanus baecilli.

Before entering into the details of the subject matter of this investigation, it
18 necessary first of all briefly to describe the nature of a tetanus infection, and to
mention a few leading points connected with tetanus baeilli, their spores, and toxine ;
then to place on a sure footing the effects of quinine on the animals (guinea pigs)
chiefly used in the experiments which follow.

After this has been done the influence of quinine in bringing about infection
in the varying conditions in which tetanus spores and tetanus cultures were used
in guinea pigs and monkeys will be discussed in the order in which these experi-
ments are given in the various tables, and also the remaining experiments, includ-
ing those in which quinine was not given.

Finally the uses of tetanus antitoxin ag a remedy in averting tetanus when it
18 necessary to give quinine hypodermically will be considered, and a summary of
conclusions arrived at will be given.



CHAPTER IL

The Natore of Tetanus Infection.

When a wound becomes infected with tetanus it means that tetanus spores
have been introduced ; and in the majority of cases it also means that other miero-
organisms have been introduced at the same time.

The kinds of wounds most likely to be followed by tetanus are those in which
the tissues have been crushed and soiled with earth, or dust and dirt from roads;
also deep punctured wounds produced by contaminated spikes of wood, metal, or
other instruments.

The tetanus bacillus, which is the causal organism of tetanus, requires anaero-
bic conditions before it can germinate and produce the disease. These anaerobic
conditions are more likely to be found below the surface of contaminated crushed
wounds, than in any other class of surface wound; but there are no wounds,
no matter how superficial and trivial, in which conditions favourable for the
development of tetanus may not become established.

When other bacteria besides tetanus spores have gained entrance to a wound
anserobic conditions are more likely to be produced, because many of the
germs that commonly contaminate wounds use up the oxygen in their vicinity,
~and this would favour the growth of any tetanus spores introduced at the
same time. In such 2 wound, crushed and dead tissue would act 28 a suitable
medium for the multiplication of bacteria (including tetanus germs), whereas
punctured wounds anaerobic conditions would certainly be found immediately
below the surface from the outset.

A complete description of the tetanus bacillus will be found in all standard
text books on bactericlogy, and on this account it will be necessary to enter into
only a few of the details connected with its life-history, especially those details
which have a direct bearing on the experiments given further on, carried out with
tetanus spores and quinine.

The tetanus bacillus is a spore-forming germ which produces extracellular
toxines ; and it is to these toxines that all the symptoms cf tetanus are due. It
was first described by Nicolaier in 1884, and is often referred to as Nicolaier’s bacil-
Iug. This observer produced tetanus in mice and guinea pigs by injecting them
with garden earth, and when symptoms set in he was able to communicate the
disease to other animals by using pus from the site cf injection.

About the same time Carle and Rattone proved that the pus and secretions
from tetanus wounds in man would cause tetanus when inceulated into animals.
These experiments were the first proofs of the infectious nature of tetanus.



G

Kitasato, in 1889, was able to obtain the bacillus in pure culture. He took
advantage of the fact that the spores of tetanus are very resistant to the action of
heat, and can withstand boiling for from 3-5 minutes. When a mixture containing
tetanus spores and other germs (whether spore-forming or not) is boiled in a water
bath for 2 or 3 minutes, or in many cases only just heated up to boiling point, and
then removed, in the majority of cases the tetanus spores are not injured, and all
other contaminating bacteria are killed off. When these tetanus spores are trans-
ferred to a suitable medium, and placed under anaerobic conditions at a tempera- '
ture of 37°C., they germinate and a pure culture is the result.

In shape the bacillus resembles a small pin or drumstick, which means that
when fully grown it is a small thin rod in which the spore forms at one end, and
gives it a characteristic shape. During the first day or two of its life in a suitable
medium it is a thin motile rod, then after from 24 to 48 hours speres begin to form.
In an old culture the red part of the germ disappears and only the small round
spores remain. In this spore condition fetanus germs are widely distributed n
nature. They are found in almost every sample of rich garden earth, and in the
manure of many animals, especially the herbivora. It is quite the exception to
find them absent from the intestinal tracts of horses. On this account one would
expect to find them on roads and streets soiled with the excreta of horses and cattle,
and especially on the floors of stables, and in manured garden soil, and in the soils
of almost every inhabited locality. Tetanus spores have also heen iound in
cemmercial gelatine, and in ligatures made from the gut of sheep, both of
which are prepared from animals which harbour tetanus spores in their intestinal
tracts. The fact of their occasional presence in gelatine has led to fatal results
in the use cf this material as a subcutaneous injection to control ohstinate
hemorrhage.

On numerous oceasions I have isclated tetanus baeilli from garden earth,
stable floors, and stable manure, and in four cases out of ten examined, from
human fmces. Some years ago when visiting a wellknown horse repository in
London T picked up a little earth and dust from the yard where the horses were
shown for sale, and from this material I had no difficulty in obtaining a rich growth
of tetanus bacilli.

The spores of tetanus when swallowed by horses, cattle, and other animals,
(and probably also by man on uncooked vegetables and salads, which have been
grown on manured soils) find in the intestinal tract anaerobic conditions where
they can germinate, and are then passed out with the excreta, and distributed
in the spore stage here, there, and everywhere.

It is not known whether tetanus spores can find in the soil conditions suitable
for germination, or whether it is absolutely necessary in order to prevent extine-
tion that they should pass through a stage of development in the intesti-
nal tract of animals. Possibly there are localities in which they can develop, as
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for instance, in the swamps of some of the Pacific islands, where the natives are
said to poison their arrows with tetanus by dipping them in the mud of these swamps.
We know that there are other spore-forming anaerobiec germs which germinate in
earth, and possibly tetanus bacilli may do so in some particular soils.

Irrespective of whether tetanus bacilli can germinate in the soil, or in other
situations not connected with man or animals, the fact remains that the spores
can survive for many years under most adverse conditions. Probably there are
no other known pathogenic spores which have the same resisting powers, and as
the disinfection of tetanus means the destruction of spores, it is necessary to
know something about their resisting powers. Some strains are more resistant
than others. The less resistant strains are destroyed in a Koch’s steam steriliser
at 100°C in 5 minutes ; but on the other hand there are strains which require
21 hours in steam at 100°C, before they are destroyed.

According to Theobald Smith®, the spores of some strains resist boiling for 40
to 70 minutes, and steaming in a Koch’s steriliser for 21 hours, but not for 3 hours.

Rosenean,? from experiments which he has carried out, states that it is neces-
sary when sterilising tetanus-infected solutions to boil for not less than 2 hours,
or to steam in a Koch’s steriliser for a similar time. He also advises steam under
pressure as the most reliable disinfectant for tetanus spores.

In an autoclave the spores are destroyed in 15 minutes at a temperature of
120°C., and in 20 minutes at a temperature of 115°C., 5 per cent. carbolic acid re-
quires 15 hours, and 2 per cent. tricresol, or lysol, 2 hours. A solution of corrosive
sublimate of the strength 1 in 1000 requires several hours, but when hydrochloric
acid iz added to the solution to the extent of I per cent. it kills tetanus spores in
30 minutes.

As an example of what one has got to expect when dealing with tetanus-
infected material, the following history of the life of tetanus spores on two rusty
nibs is interesting and instructive.

In 1891 two steel nibs were dipped in a tetanus culture in Paris, and then placed
in a sterile test tube, which was plugged with cotton wool and fitted with a rubber
cap. The test tube confaining the two nibs came into my possession at the Pas-
teur Institute of India, Kasauli, in the Spring of 1900, and had not in the meantime
been tampered with, but presumably kept in a dark cupboard, screened from light.
In 1902 I happened to require a tetanus culture for experimental purposes, so I
removed one of the nibs from the test tube, placed it in atube of sterile broth under
anaerobic conditions, and grew a pure culture of tetanus. This culture was virulent
for guinea pigs in small doses.

The other nib remained in the original test tube, plugged with cotton wool
only, and in a cupboard which was often open, until December 1909, when I took

it out, placed it in a tube of broth, and under anaerobic conditions grew a pure
C
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growth of tetanus bacilli from it. This growth was also virulent, and killed guinea
pigs in small doses. (0. 1 c.e. of a four weeks’ growth).

Both nibs, when taken out of the original test tube, were rusty, and on this
account I was rather surprised to obtain a growth of tetanus baeilli from either
of them, and I was also surprised to find that both cultures were virulent. The
spores on the first nib had been eleven years in a dried condition, and those on the
second nib 18 years, and no doubt they would have remained alive and virulent
for several more years.

Cases are on record where splinters of wood infected with tetanus spo:es and
kept for 2} and 11 years were still capable of conveying the disease, but 1 have no
knowledge of any other authentic case in which the spores in a dried condition
remained alive and virulent for 18 years.

In the face of these facts it is only reasonable to infer that in the soil tetanus
spores might have an equally prolonged life, provided they are not directly exposed
to the sun’s rays. From earth they find their way into the intestinal tracts of
horses, cattle, sheep, goats and other animals, attached to food, such as grass,
hay, roots, ete., and evidently in some cases into the intestinal tracts of man
adherent to uncooked vegetables. In these various intestinal regions the spores
find anaerobic conditions where they can germinate, and are then passed ont
with the excreta, and again find their way to earth, roads, streets, and
stables, ete. In a vicious cycle of this kind their vitality and virulence would
depend on whether the conditions for development were favourable or the
Teverse.

It is not to be wondered at, then, that tetanus germsare plentifulin nature.
The wonder is that cases of the disease are as rare as they are.  This can be accounted
foronly by the comparative non-virulence of the majority of strains if not connec-
ted with a case of tetanus.

When tetanus germs are isolated from garden earth, stable floors, and other
places, as a rule it requires a large dose to produce even local tetanus in a susceptible
animal such as a guinea pig; but it sometimes happens that a virulent strain can
be obtained from the soil and other sources. As examples, I may mention that
on one occasion I found that it required 2 c.c. of a 10 days' culture to produce
local tetanus in a guinea pig ; and on another occasion § c.c. of a 10 days’ culture
proved fatal to a guinea pig. Both cultures had been isolated from earth but from
different localities. I have also worked with a tetanus culture of such virulence
that it was only necessary to dip the point of a surgical needle into it, and then
prick a guinea pig’s skin to give the animal fatal tetanus. It will be seen from these
examples that there is a very wide variation in the virulence of different strains
of tetanus bacilli.

As far as indirect infection is concerned the horse iz probably the most fertile
source. Some time ago a case was brought to my notice in which lint and a bandage
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which had been for some days on a shelf in a stable were used to dress an open
boil on a man’s arm, with the result that fatal tetanus set in a few days afterwards.
The lint and bandage used in this case were what remained from a dressing applied
to a horse's leg some time before, and after remaining exposed in the stable, where
they doubtless got contaminated with tetanus, they were applied to the patient’s
arm without the knowledge of his medical attendant.

In this connection I might also mention that, when immunising horses with
snake venom in order to prepare antivenene, abscesses at the seat of injection of
the venom are of common occurrence. These abscesses, when opened, are likely
portals of entrance for the tetanus germs which horses harbour in their intestinal
tracts. I have had practical experience of four cases of tetanus in horses con-
tracted in this way. After these accidents I adopted the routine practice of giving
antivenene horses an oceasional doze of antitetanic serum, and since then I have
not had a single case of tetanus in those horses.

In a tetanus-infected wound the spores which have gained an entrance and
found suitable local conditions germinate at the seat of infection, The bacilli
resulting from the growth of the spores remain localised at the seat of infection,
ot in ita immediate vicinity, and produce an extra-cellular toxine which is the direct
cause of the symptoms of tetanus.

The disease is what is known as an “* intoxication process,”” i.e., it altogether
depends upon an extracellular poison elaborated by the causal micro-organism, and
in this respect it resembles diphtheria. When tetanus bacilli have been grown
in pure culture for a month (or less) at a temperature of 37°C., and the toxine
separated by filtration through a Pasteur Chamberland filter, every symptom of
tetanus can be produced in animals by injecting the germ-free toxine,

According to Ehrlich, tetanus toxine is made up of at least two toxine bodies,
viz., tetanospasmin and tetanolysin. Of these two bodies tetanospasmin is the
more important, as it has a strong affinity for nerve tissue, especially nerve centre
cells, and gives rise to the muscular spasms characteristic of the disease. Tetano-
lysin has some effect in breaking up red blood corpuseles, but it has not been proved
that this is of much account in a case of tetanus; it is a negligible side issue.

Meyer and Ransome'® have demonstrated that the transmission of the toxine
to the central nervous system takes place by way of the motor nerves only. 1t is
absorbed by the end organs of the motor nerves at the seat of infection, and travels
by way of the axis cylinders to the susceptible nerve centres.  These observers
also give it as their opinion that *° the greater part of the period of incubation is
the expression of the time occupied in the conveyance of the toxine from the peri-
phery along the motor nerves to the susceptible centres, and that the actual move-
ment of the toxine takes place not in the lymphaties, but in the protoplasm of the

nerves.’
c2
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Within the last few years several experiments have been carried out which go
to prove that part of the toxine may be absorbed by the lymph and blood channels,
-and as a proof in this direction, generalised tetanus can be produced in animals by
injecting toxine into a vein. _

Henri and Cernodeannu! are of the opinion that the toxine is conveyed by the
blood and lymph streams in all cases.

In any case it is certain that no symptoms of the disease appear until the toxine
produces its effects upon the cells of the nerve centres, brain, or spinal cord, or
both.

In acute generalised tetanus the brain centres are always affected, but in local
tetanus, which is common in experimental tetanus in guinea pigs, the toxine has
only reached to the section of the spinal cord supplying motor nerves to the seat
of infection, and when thnis iz the case the disease is likely to become chronie and
last for weeks.

Tetanus toxine is easily destroyed by heat. A temperature of 55°C. for 11
hours renders it inert. A shorter time at 60°C., produces the same effect ; and a
temperature of 75° C. removes every trace ¢f its toxic properties in 5 minutes

or less,

The pure spores of tetanus when freed from every trace of toxine are known as
** washed spores *’ and in this condition they can be injected into animals with-
out causing tetanus.

“ Washed spores’” ean be obtained by filtering a pure tetanus culture, so as to
separate the toxine, and then washing the precipitate on the filter several times
with sterile normal salime solution, in order to remove every trace of toxine. Another
method is to heat a pure bouillon culture of tetanus in which the spores are well
formed at a temperature of 75°C. for 5 minutes.

Pure *‘ washed spores *” when obtained by either of these methods fail to con-
vey tetanus when injected into guinea pigs or other susceptible animals,

The phagocytes at the seat of injection are capable of dealing with pure tetanus
spores, and any which may escape phagoeytosis get stowed or hidden away in the
local tissues, to remain there alive for months, or years, until conditions become
favourable for them to germinate, and grow out into toxine-producing
bacilli.

When virulent *° washed tetanus spores’’ are injected with any materials
such as sterile sand, sterile powdered charcoal, or bacteria, which injure the tissues
and handicap phagocytes, the spores grow out and tetanus is the result. A non-
lethal dose of toxine mixed with washed spores produces fatal tetanus. In an
experiment of this kind the toxine acts by producing a negative chemiotactic in-

fluence on the phagocytes, and the spores get an opportunity of growing out into
bacilli. A tetanus infection can only take place when the spores germinate,



When quinine or lactic acid is mixed with washed tetanus spores and injected
into animals, tetanus sets in rapidly, and is more certainly fatal, becanse both
these substances destroy tissue at the seat of injection, and so favour the growth
of tetanus bacilli. '

A few tetanus spores gaining entrance to a wound which had not been badly
contaminated with dirt and other micro-organisms would very likely get des-
troyed by the phagoeytic action which would immediately set in; but ina badly
contaminated wound, or one in which tissues were destroyed, or where anasrobic
conditions and feeble phagocytosis prevailed, tetanus would result.

In wounds infected with tetanus spores another result is possible, viz., a condi-
tion in which the spores remain latent or dormant, having escaped destruction by
the phagocytes, and at the same time not finding suitable conditions for germinat-
ing into bacilli—a latent infection in which for some reagon or other the spores for
the time being [ailed to grow out into bacilli, and at the same time escaped
phagocytosis.

In experimenting with tetanus spores, it is absolutely necessary to use pure
cultures, and it is advisable to use cultures which have had ample time to form
spores, and the strain should be viculent. A virulent strain grown at a temperature
of 37°C., for 3—4 weeks, and under strict anaerobic conditions should answer well.

Young bacilli with little or no toxine might not produce the disease, although
they would contain toxine locked up in their bodies (intracellular toxine). The
addition of dilute lactic acid or chloroform water would extract the toxine from
yvoung bacilli or their spores, and when otherwise harmless young bacilli had been
steeped in either of these fluids the mixture would be toxic, and produce tetanus.

In a virulent strain of tetanus, the toxine produced when a culture has been
grown under the most favourable conditions, and for a month or six weeks, is fatal
to susceptible animals such as mice or guinea pigs in extremely minute doses.’

I have grown a tetanus culture in which [ c.c. of the toxine free from

bacilli was sufficient to kill a medium sized guinea pig, and cases are on record
where a millionth of a c.c. was sufficient to kill mice, and weight for weight mice
are not so susceptible as guinea pigs. '

Burnet'? states that weight for weight the aaimal most sensible to tetanus is
the horse. He also gives the following comparison of sensibilities culled from the
works of other authors: ** If we express by the figure 1 the quantity lethal to
a given weight of horse, the quantity which kills the same weight is 2 in the case
of the guinea pig ; 4 in that of the dog ; 13 in that of the mouse ; 2,000 in that of the
rabbit ; and 200,000 in that of the fowl; that is to say, the fowl is 200,000 times
more resistant to tetanus than the horse.”’

The earliest symptoms of tetanus in the horse are lockjaw, stiffness of the
neck, and difficulty in swallowing ; and in man, and monkeys, lockjaw is also one
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of the earliest symptoms. We know that the horse is extremely susceptible,
probably one of the most susceptible animals to tetanus, and lockjaw being one of
the earliest symptoms in man and the horse, we might infer from this that man is
also very susceptible to tetanus.

Metchinkoff,” some years ago, demonstrated that alligators and tortoises
are insensible to tetanus toxine. He injected large quantities into tortoises and
found that these animals remained well and retained the toxine m their bodies
for months.

The fowl can be rendered sensible to tetanus by placing it in a cold chamber,
or making it stand in iced water ; and some cold-blooded animals, such as frogs,
can be rendered susceptible by placing them in a chamber heated to a temperature
of 37°C.

When the sympeoms of tetanus set in acutely, the death-rate is very high,
over 90 per cent., but when symptoms set in slowly, and the disease becomes to a
certain extent chronie, there are about 30 per cent. recoveries.

A form of tetanus known as ** hydrophobic tetanus ** following wounds on
the face has been described. In this form the incubation period is short, owing
to the fact that the toxine has only got a short distance to travel along the motor
nerves before it reaches the cells of the brain. Spasm of the throat, resembling
the spasms of hydrophobia, is an early symptom, hence the name ** hydrophobic
tetanus.’’

Another form known as *° visceral tetanus’” has been described and recognised
by the French, In this form the infection originates in one of the internal organs.
It is extremely fatal and the disease runs a very rapid course, the symptoms being
somewhat masked and obscure, owing to the fact that the great splanchnic sym-
pathetic nervous system is involved. Cases of uterine tetanus which have been
known to follow criminal abortions would come under this heading.

McFarland refers to a case of tetanus reported by Kamen in which the intes-
tine of a patient dead of tetanus was found to be rich in tetanus bacilli. He gives
this as an example of cases in which tetanus may possibly occur without a wound
by absorption of the bacilli through abrasions in the mucous membrane. It is
conceivable that a few tetanus spores absorbed from the intestinal tract, and carried
by phagocytes to a part of the body where there was dead tissue (e.q., the site of a
qumnine injection), would give rise to tetanus. Would this method of infection
account for some of the cases in which quinine had been given ?
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CHAPTER II11.

The effects of larze doses of Quinine on small animals such as Rabbits
and Guinea Pigs,

In these experiments no attempt was made to follow up the excretion of
quinine from the system, or to enter minutely intoits physiological effects. The
principal objects were—

(1) to arrive at a dose, which, without proving fatal, would produce
well marked visible effects;

(2} to arvive at some conclusion as to what the local effects of quinine
are when given hypodermically ;

(3) to prove whether the local and general effects of guinine when given
hypodermically have any influence in favouring tetanus infections ;

{4) to obtam information as to whether animals can withstand larger doses
by the stomach than hypodermically ;

(5) to gain some information on the effects of quinine when given intra-
venously.

The salt of quinine used in almost all cases was the bihydrochloride, and in the
form of tabloids as prepared by Burroughs, Wellcome & Co., London.

The tabloids were dissolved in sterile normal saline solution in the propor-
tion of 1 gr. to 1 c.e., a solution the acidity of which corresponds to 1°3 per cent.
combined sulphuric acid, or 1 percent. combined hydrochloric acid. A solution
of this strength was chosen in order that the escharotic action might not be too
severe when injected hypodermically, or into musecles. The solution used when
the drug is administered hypodermically to malarial patients, is, I understand,
invariably much stronger, and on this account the local effects on the tissues at
the seat of injection must be very pronounced.

It will be noticed that in a few of the experiments (see Tables I and VII) the
dilutions used were stronger, and in a few weaker than 1 gr. to 1 c.c. The objects
in using a stronger dilution were to ascertain whether absorption would be slower
or quicker—and whether the local effects would be to any appreciable extent more
pronounced than when weaker dilutions were used ; and in the few intravenous
experiments in which weaker dilutions were used the object was to ascertain
whether more quinine could be tolerated when given by this method in weak
dilutions.

Rabbits and guinea pigs were the animals used. Both are susceptible to the
action of quinine, whether given hypodermically, intravenously, or by the stomach ;
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but they can stand fairly large doses without any apparent injury other than the
local effects when given hypodermically.

() puinine hypodermically.

~ When large doses of quinine are given hypoderirically to rabbits and guinea
pigs, they rapidly come under its influence, and death takes place in a few hours.
A large dose for a guinea pig would be 1 grain per 150 grammes weight of animal.

One grain per 150 grammes of guinea pig iz a certain lethal dose ; but I have
known 1 grain per 233 grammes to prove fatal in some cases and not in others, so
there is evidently an individual factor difficult to account for. On this account 1t
would be impossible to arrive at a minimum lethal dose for all cases, and to
express it in grains per grammes of guinea pig, and tosay that this amount would
kill with absolute certainty.

Some vears ago, when it was the practice to standardise antityphoid vaccine
by arriving at the minimum lethal dose for a guinea pig of a certain weight, a simi-
lar individual factor interfered with its accuracy, and to such an extent that the
method had to be abandoned and other more accurate methods of standardising,
such as counting the baciili, adopted.

On the other hand it is possible to come somewhere near a minimum lethal
dose of quinine, which, without leaving much of a margin, would never fail to kill,
and such a dose is 1 grain per 150 grammes of guinea pig. I have never known
guinea pigs to survive this amount when given hypodermically, and in some cases
smaller doses have proved fatal.

It is easy to arrive at a dose which will produce well-marked wvisible effects
without killing the animal, and such a dose is 1 grain per 350 grammes of guinea
pig. This amount can be given hypodermically for several days in succession
without proving fatal, except perhaps in a few cases indirectly by the production of
severe sloughs at the seat of injection and the suppuration which accompanies them,

When large doses are given to guniea pigs, symptoms set in within 10 minutes.
The symptoms take the form of convulsive muscular spasms, which set in gradually
and soon become more pronounced and severe, and the animal dies asphyxia-
ted. For some time before death the animal lies in its cage, but slight twitching
of the muscles and limbs are apparent, and when disturbed these become more
severe. The rapidity and severity with which symptoms set in and prove fatal
depends on the amount of quinine given. When 1 grain per 150 grammes of
weight is given symptoms set in within ten minutes, and a fatal result may be ex-
pected any time between 4 and 24 hours. When larger doses are given symptoms
appear a few minutes earlier, and death takes place in all cases under 24 hours,

A glance at the experiments detailed in Table T will serve to explain all that is
necessary on the subject.
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In Table II the results of four experiments with the bihydrochlorate of quinine
are given, and it will be seen that they differ in no material point from those of the
bihydrochloride used in all the other experiments, and on this account it was
deemed advisable to use only the latter salt of quinine, as it is the one most
generally used for hypodermic injections in cases of malaria.

The local effects were in all cases very evident. When the animals died before
a slough had time to form, the tissues at the seat of injection presented the ap-
pearance of having been burnt with pure carbolic aeid. A white escharotic patch
was never absent, and one could trace exactly the extent to which the fluid had
been distributed. In those experiments in which the animals survived for a few
days or survived altogether, it was quite the exception for a local slough not to
form. These sloughs included the trueskin, subeutaneous tissue, and deep faseia,
and exposed the muscles ; and in animals which survived it required weeks before
healing was complete.

In the few experiments recorded in Table ITL, in which the quinine was given
mtramuscularly, the general and local effects diffeved in no way from the subcu-
taneous experiments, except that the animals appeared to suffer more pain. I
believe that the experience of malarial patients who have had intramuscular in-
jections of quinine is to the effect that the subsequent pain and discomfort are
worse than when given hypodermically.

In rabbits 6 grains per kilogramme of body weight i3 a certain lethal dose
when given hypodermically, and in some cases less would suffice. Here again
there is an individual factor difficult to account for. In Table IV it will be seen
that in one experiment a 1,410 gramme rabbit survived for 4} hours after receiving
10 grains ; whereas another rabbit weighing 1,500 grammes which received the
same amount of quinine died after 30 minutes. In another cxperiment a 1,500
gramme tabbit died 2} hours after 8 grains, and a rabbit of the same weight showed
practically no symptoms after 6 grains.

Rix gmains per kilo. isalethal dose for a vabbit when given hypodermically,
and in many cases 5 grs, per kilo, would suffice, Three grains per kilo. produces
symptoms of excitement without ever proving fatal.

When a lethal dose is given to a rabbit, symptoms set in after 10 or 15 minutes.
These symptoms always commence by quickened respiration, and, soon after, some
of the animals develop muscular twitchings and spasms, but not so marked as in
the case of guinea pigs. Before death they lie helpless for a variable period, and
die asphyxiated, the heart continuing to beat for some minutes after respiration
has ceased.

The local action on the tizsues is the same as in guinea pigs, and when a non-
lethal dose is given a slough mvariably forms, but much earlier than in the case of
guinea pigs.

I
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{h) Quinine by the month,

Rabhits and guinea pigs can survive larger doses introduced into the stomach
than hypodermically. Inthe case of rabbits the lethal dose by the stomach would
at least be double the hypodermic lethal dose, but in the case of gninea pigs a
lethal dose would prove fatal when increased by & to } its amount and given by
the stomach. (See Tables V and VI.)

In guinea pigs the symptoms produced resemble those following hypodermic
injections, and set in with the same rapidity, but are not quite so severe unless very
large doses are given ; whereas in rabbits the symptoms are hardly noticeable,
except when large doses are given, when they lie down on their stomachs, stretch
out their legs, and respire with difficulty.

The results of the experiments recorded on Tables IV and V indicate a marked
difference between the lethal doses for a rabbit hypodermically and by the stomach.
Twelve grains is a certain lethal dose for a 2,000 gramme rabbit when given hypo-
dermically, but a rabbit of the same weight can survive 25 grains when given hy
the stomach. Compared with rabbits, the difference in guninea pigs is only slight.
A 500 gramme guinea pig can survive 4 grains by the stomach, when 31 grains
given hypodermically kills an animal of the same weight.

Evidently weight for weight these small animals are far more tolerant of
quinine than man.

A guinea pig which, roughly speaking, weighs only 11lb. (500 grammes) can
survive 4 grains by the stomach, and if man, weight for weight, could withstand
the same amasunt, this would mean that a man weighing 11 stone could survive a
dose of 616 grs. of quinine by the stomach, which is impossible ; even a quarter of
this amount would almost be a poisonous dose for a man. ; -

fe} Guinine intravenously,

The intravenous method of giving quinine was tested on rabbits only. In
these animals a small dose given into a vein kills quickly. One grain in 1 ¢.c. normal
zaline solution will in 9 cases out of 10 kill a rabbit weighing from 1,700 to 2,000
grammes, and any slight increase in this amount would prove fatal within one
minute.

(r5 grain of quinine per kilogramme represents about the lethal dose for a
rabbit when given mtravenously.

Rabbits weighing from 1,200 to 1,500 grammes can bear 1 grain dissolved in
1 c.c. normal saline solution, without showing any very noticeable symptoms.
When large doses such as 0°75 grains per kilo, are given, the animals commence to
die immediately the injection is’completed, and in most cases they are dead within
one minute. Respiration suddenly ceases, but the heart goes on beating for some
minutes. -
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A more dilute solution of the quinine salt and a proportional diminution of its
acidity makes no difference in its killing properties, (See the experiments detailed
in Table VII and compare experiments 4 and 6 with 7 and 8.)

From this fact one would infer that the lethal effects are due to the guinine
and not to the acidity of the solution.

In order to make this point certain, the series of experiments detailed in Table
VII were devised. As I have already mentioned, the quinine was used in the pro-
portion of 1 grain to 1 c.c. normal saline solution, and the acidity of a solution
of this strength corresponds to 1°3 per cent. Hz 80y, or 1 per cent. H.CI.

Rabbits weighing from 1,400 to 1,500 grammes can withstand intravenously
1 c.c. of normal saline solution containing either of these mineral acids in the per-
centages given (1'3 per cent. Hz 804 or 1 per cent. H.Cl.) They can also with-
stand 2 c.c. of normal saline solution containing 1} per cent. of either acid and
show no symptoms of any kind, and this is an acidity much stronger and in a
larger bulk of fluid than the lethal quinine dose in a dilution of 1 grain in 1 c.c.

Stronger dilutions of Ha 80y, such as 1} c.c. of a 5 per cent. dilution kill very
quickly, but the same amount of 5 per cent. dilution of H.Cl. gives rise to no ap-
parent symptoms. (See the experiments detailed in Table VIII,)

Any blood changes which may occur after the intravenous injection of guinine
in rabbits are not apparent when rapidly fatal doses are given, but when several
non-lethal doses are given traces of hamolysis are to be found in the supernatent
fluid after centrifuging a sample of blood with an equal volume of 1} per cent.
citrate of soda in normal saline solution ; when another sample is taken and
allowed to clot, clotting takes place as usual, and the serum is tinged red.

Stained specimens appear normal, and leucocytes are present in the propor-
tion found in normal rabbits.

When § grain doses ave given intravenously every 10 minutes, symptoms of
quinine poisoning et in after the second dose and become more pronounced
after every subsequent dose, and the animal dies asphyxiated after the eighth or
ninth dose. In an experiment of this kind (No. 11, Table VII)there were no
apparent blood changes after the sixth and seventh doses, but 30 mimutes after
the ninth dose, the animal died, and evidence of heemolysis was apparent in speei-
mens taken from the heart immediately after death. The biood clotted like a
normal specimen, but the serum was tinged red, and so was the supernatent fluid
of another specimen after centrifuging with an equal volume of 11 per cent. of
citrate of soda in mormal saline soluticn, specimens taken at the same time and
stained appeared normal. See Table VIT for results of intravenous injection.

When large hypodermic doses are given to rabbits, traces of heemolysis will be
found after a few hours, should the animals survive for so long ; and in those that

succumb similar changes will be found immediately after death, but nothing abnor-
D2
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mal appears in stained specimens. See Table IX for blood changes after large
hypodermic doses.
Is there any tolerance to large doses of quinine ?
A non-lethal dose of quinine given hypodermically to a rabbit one day, does
not establish any tolerance to what would, in the ordinary course of events, prove a

lethal dose given the next day.

When the interval between the fivst and second

doses is extended to a fortnight a similar absence of any tolerance is evident. (See

Table IX.)

Table 1.

Experiments on Guinea Pigs to test the effects of Quinine when dissolved in normal
saline solution awd =iven hypodermically.

No. of  Weight
experi= of guinea

nyent. L
grms.
1 500
2 o |
] 500
|
i | poo
|
s | 500 |
) | 390
| !
|
7 | 350
8 300
9 300 |
[
|
|
10 360 |

Halt of
quining
used,

Bihy-
drochlo-
ride,

| Ditto.

Dhitto,

Titto.

Thtta.

Thitto.

Dritta,

hitto.

Symptoms produced.

Muscular spasms after 1
minutes, severe and con-
tinued for several hours
Appeared well next day.

Hevera muscalar
after T minutes,

T

Muscular spasms  after 8
minutes ; looked like dying
after 5 hours ; began o im-

| prove after G hours;

| seemed well next day.

Ditto ditto

Mugeular spasms after 15 t
minuntes,  Lay helpless in |
cage with twitching of
muscles after § honrs.

Muscular spasms after 7
minutes,

Muscular spasms after 10
l minubes,

Ditto ditto

Museular twitehing and ox-

cited after 10 minutes.
Apparently  well after 2
hours,

| Quantity
Amount | of normal |
given. | saline in
| which |
| dissolved. |
gra | o.n
|
3 &
|
5 5
3 &
TR (S
&l i
£ b
R
[
21 ! 23
|
: LR 1
|
f
|
1
1 1

Ditta ditto

Result. BEMARES.

o5

i
Thed after | Skin and  lissoes
3 days, sloughed at seat

of injection.
!
Died after | Escharatic  action

4 howra. on tigses al seat of
injeciion,

Died after | General wasting.

d6 days. |

Died after | Ditto ditto.

3 days.

Died after | Escharotic action

9 hours. on tissues at ssat
of injection.

Died after | Ditte  ditto.

4 hours,

Died after | Ditto ditta.
17 hours.

Died after Ditio ditto.
14 hours.

Survived . | Oedema and ten-
derness at seat of
injection.

Ditto . | Skin and tissues

sloughed at seat
of injection.
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Table I—contd.

Experiments on Guinea Pigs to test the efMects of Guinine when dissolved in normal
saline solution awd civen hypodermically —eondd.

| | |

| Quantity |

No. of | Weight Salt af A ik of normal | |
expe:ri- of guinca 1|1|'tr.|inn - r'.-.I";]'.__ & [ salime in symptoms produeed. Besalt. | RENARES.

ment. Pig- used. | BYER-E whih |

| dissolvied. |

grms gra. g0, '

11 350 | Bihy- 13 1} Convulsions after 10 Thed after | Marked escharotio
droehlo- | | minutes, severe for 3 hours, 2 hours, | action on tissues
ride. | i | at seat of injec.

| ! ' | tion.

12 300 Ditto. 5 | Ditta ditte . | Died after | Ditto  ditto.

| [ 34 hours, |
13 | a50 | Ditto. 1 | | Musaular twitching after 10 Survived . | Skin and  tissues
B A ates | HIDIIEI‘I{H’] at seat
| ! | af injection,
14 | 350 | Ditto. 1% | 1 Convulsions  after 10 Survived . | Loral slonghing.
| | minutes ; severs for 4 hours, |
15 350 | Ditto. 2 | 1 Bevere convulsions after 10 | Died after | Severe  escharotio
minutes 24 hours. action at seat of
injeetion.

It iz evident from this series of experimenis that 1 grain of quinine Whydrochoride per 150 grammes of
guines pig is o certain lethal dose when given hypodermically ; and in some cases a smaller amount would suffice.

Table I1.

Experiments on Guinea Pigs to test the efects of Guinine when dissolved in normal saline
solution and given hypodermically,

|
| | Quantity !
No. of | Weight | Salt of Amount | of normal 1
experi- of gninea) quinine | given. | saline in Evmptoms produced. | Resolt. LR EMARES.
EENL, pig. s, which
[ | | dissolved. I
| |
| grms. | g P
1 | 500 | Bihy- | 3 ] Bewere  museular  spazie | Dhed  aftep .‘_"ﬂullchin:.: took
| drockio:| after W minutes, tetanic 4 days. Mace  abt seab af
| | rate, i charaeter and continued injection.
| | | for hours; seemcd  well |
| | next day excopt for pain |
[ and thickening ot the seat i
i of injection. 1
| |
1 350 | Ditta. | & 5 Muscular spasma  after 8 | Died after | Tissues at zeat of
minutes, Sevepe in charae. | T hours, injeetion necrossd,
ter and lasting until deatl.
3 30 | Ditto. = 2 Muscular spasms after 10 | Died after | Ditlo ditte,
minuices, sevore in charae- 2 days.
tor. |
i A | Ditto. | 1 1 Excited after 10 minutes, | Survived . | Ditto ditto,
| 0O S PGIES. |

Tt will be geen that the result: recorded in this table in which  bihydrochlorste of guinine wax vsed, differ in
no material point from thoss in which the hihydrochoride was vsed.
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Table XK.

Experiments on Guinea Pigs to test the effects of Quinine when dissolved in normal saline
solution and given intramuscularly,

Quantity |
No. of | Weight | Salt of Aranant nfnunmil
wxperi- [of guinea’ quinine |° e saline in Symptoms produced.
ment. pig. ased, | BV which
deolvid.
grm.. ET5. i
1 440 | Binv- d & Severe  muscular  spasms
drachlo. after 10 minutes.
ride.
2 430 | Ditto. H 2 Muscular spasms after 8
minutes.
8 400 | Ditto. 1 1 Muscular  twitchings after
8 minutes. Seemed  well
nexk |:|.||.11.'.

Result. REMARES.
Died after | Marked swelling in
24 bours. | muscles of thigh at
seat of injection,
and gelatinous ex-
udation.
IMed after | Ditto ditto.
16 howts.
Survived . | Pain and swelling in

miuseles of thigh at
goat of injection
for several days, a
slonghing =ore on
the Sth day.

The genernl effects after intramuscalar injections resemble those produced by hypodermic injections, and
set in with the same rapidity.

Table IV,

Experiments on Rabbits to test the effects of (uinine when dissolved in normal saline
solution and riven hypodermically,

Quantity :
Mo. of | Weight | Salt of of normal |
EE[T- gfﬁ quinine "’“."J'“"* saline in SEymptoms produced, Besult. REMAEKS.
ment. | Fabbit. | used. | BT which
J dlissalved.
Erms Ers, LR
1 1,320 | Bily- 3 3 Refused its food for o day ; [ Survived . | Local tenderness
drochle no other symptom. and thickening at
ride. sent of injection.
2 | 1,000 | Ditto. 5 5 Ditte  ditts Ditte . | Ditte  ditto:
3 1,410 | Ditto. 10 10 Quickened respiration com. | Died after | Escharotic action
menced 10 minotes after | 4 hours. at geat of  injre-
| dose. Lay helploss  in tion.
cage after one hour.
4 1,0 | Ditto. 10 10 | Cuickened respiration after | Died after | Dilto ditto.
10 minutes, then lay help- 30 minutes.
| le=s in cage.
5 | 1,500 |Ditte. | 8 8 | Excitedaftor 10 minvtee, | Dicd after | Ditto  ditto.
quickened respiration after | 2§ howes.
3 minufes.
6 | 1,500 |Ditto.| 8 6 | Excited after 30 minutes 3 | Survived . | Slough at seat of
apparently well after 2 injection.
hours.

Six gains per kilogramme of rablbit is o certain lethal dose, but in some cases leas would suflice.
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Table V.,

Experiments on Rabbits to test the effects of Quinine when dissolved in numml ﬁa.]me
solution and given by the stomach,

Quantity
N&.ai Weight Salt of of normal
experi-| of quininge """HI:J':'““J" saline in
ment. | rabbit. used. | which
| dizsalved.
greme. | e 8 I o0
1 2,060  Bihy- | 30
drochlo- I
!"I':II:- I
|
2 | 2050 Ditto. 15 15
¥ | 2,000 | Ditto, 20 an
i |
|
4 | 2,000 Ditto. | 25 25

Symptoms produced. | Result.
|
After 20 minutes lay down | Dicd after
in cage, and breathing | 12 hours
diffienlt, sparently well
one hour :lliler ilose.
After 2 minutes, quickenced | Survived.
respiration. Seemed well
after one hour,
Ditto  ditto . . | Ditto .
|
|
Ditto  ditto . Ditto . |I

REMARKES.
Sloughy pateh  of
mucouns  membrans

near duodenal end
of stomach cxpos-
ing a local sub-
mineous hemorrhage.

After three  weeks
wasting set in and
death took ploce at
the end of & month.
P M. disclosed no
apparent discase,

15 grains per kilogramme of rabbit is a certain lethal dese when given by the stomach ;

HOMME CASES,

Table VL.

less would suffice in

Experiments on Guinea Pigs to test the effects of Quninine when dissolved in normal saline
solution aml given by the stomach.

| Quantity
No. of | Weight | Salt of of normal
experi- of guinea quinine AT;'}TL saline in
menty | pig. . | BT | which
| | dissalved. .
= l—
LT, grx. [N
1 470 | Bihy. 3 b
droclilos|
ride.
2 | 500 [Ditto. | &5 | &
! |
3 500 | Ditto. 4 4
i |
¢ 500 | Ditto, i 3 3

|
| Symptoms produced. | Raesult.

| Slight spasms on  handling ! Thed  after
after 24 hours, but  these | 10 days,
zoon  disappeared. Pro- |

| gressive omaciation setin |
after the 2nd day. |

|

Severe spasms  ofter 10 | Died after
minutes {eonvulsions), | 4} hours,
Exeited after 20 minutes, | Survived.
slight spasms after 1 hour,
Seemed woll after 3 hours,
Excited after 3  hour Dritto.
Seemed well after 2 hours,

BEMARES,

| General wasting.
|
!

| Stomach normal.

1}
less would suffice.

per 150 grammes of guines pig is 4 certain lethal dose when given by the stomach ; bot in some cases
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Table VII.

Experiments on Ralbiis to test the effects of Quinine when dissolved in normal saline
solution and given intravenonsly,

No. of | tyeicht Sale of

eXpLTi- of auining
ment. | pghhbit, | used.
grims.

1 | 1,300 | Bihy.
:|I‘1'!-|'.'|1]|;|-
ride,

2 | 1400 | Ditto.

4 1,00 | Thito,

4 1,740 Ditto.

1] 1,570 iDiuo_
|

¢ | 1,780 | Ditto. |
|

T 1,750 | Ditto.

B 1,570 Ditto.

g | =170 | Ditto .

|

0 | 1,450 | Ditta.

EiVei.

2

! Armount
Amount | of fuid in

|
|
|

which
dlissolved.
0.0,
3
2}
a.
1
]
1
Ll
-
L
11
given in
i oo
dos o8
(% gr.) at
intervals
aof 5

minntes,

Svmpioms produced.

Respiration suddenly
| ceased.
Ditte  ditto . . |
Ditto ditte . .
Dttt ditto

{ Slight difficulty in breathing

for a few minutes after in- |
| Jection, Heemed well after |

| 15 minutes.
|

| After & minute it rolled over
| mnd struggled for breath
i and looked like dying ; be-

gan torccover after 5
minutes  but  breathed
rapidly for 20 minutes;
seomed  well after 30
minutes.

|
i Slight difficulty of respira.
tion for o minute after in-

jection but no other symp-
tom.

suddenly
- P

Respiration
ceased.

Struggled for breath for 30
seconds, then breathing
sucddenly ceased.

Slight diffieulty of breathing
for a minute or twoa
each injection ; otherwise
no symptoms.

Result.

Diod with-
i ANTHiE
mnute .I

Ditto .
Ditto .
Ditto .

Barvived

Becovered Tested

Ditto .

Thed with.
in one
minube.

Thied with-
in one
mingte. |

Burvived

REMARES,

P, M. immediately
after death. Blood
appeared normal.
No  olots in heart
or large vesiels,
Mo hoemolysis.
Stained specimens of
blood normal,

I¥itto

Ditto

ditto.
ditbo.

Titto dlitto.

A capsule of blood
ghve mnormal
coloured serum on
clotting. A stained
specimen of Dblood
appearsd  normal.
Mo hiemaloisis,

plood 5 hours
after quinine
Stained  specimen
normal.  Clotting
and serum normal.
Traces of hamolysis
on centrifuging with
citrate of =oda
aclution.

Blood same as  ex-
periment G,

F. M. immediat ¢ t_y
after death. No
clotz in heari  or
Iirge vessels. Blood
normal in = pear-
ance.  Stai spe-
cimens normal,
Clotted  normally,
No hemolysis.

P. M. and condition
of  blood same as
exporiment 8.

A capsule of blood
gave normal colour-
ed serum on elot-

ting, A  stained
specimen  of blood
appeared  normal.

No  haemolysis.
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Table VII—contd.

Experiments on Rabbits to test the effects of Guinine when disselved in normal
saline solution and given intravenonsly —eontd.

No. of | Weight | Saltof | Amount of |
eXperi- of I quinine | "q'?f“m' ﬂ:;: L“ Symptoms produced. Fesult. B EMARKS.
ment. rﬂb'ﬂt- | llmd- | *I. e ‘lllm\]:;'u! |
|
STHE. T, T :

11 1,760 Bihy 4 |, 4 ce.| None afier first dose, but | Died 30 | Blomwl tested after
drochlo- | givenin | respieation gquickened, and = minutes the Gih and Tth
rid o, j gr.  marked respiratory diffi-  after last doses appeared nor-

ase s | culty after all the other | dose. mal, as regands
every 10| doses, and lasting from & clotting, =erum and
minules. to %  minutes,  These stained  specimens,
EY M pLoms inereassd after No h®smo I'v :5:: B

the 9th dose (last dose), P M. imrn.-m'lia:.l!ll-.l",.I

and continued for 30/ | after  cleath. Mo

minntes, when death sud. clots  im heart or

denly tonk place. large wessels, and

bood normal in

appearance  and in

stainel  specimens.

A sample taken in o
[ | gluss capsule clotted
| | | the  wsunl time,
but  serum slightly
timged red (hoemo-
Iyzia) On eecntri-
Tuging a small
quantity in 1} per
cent, citrate of soda
in  normal saline,
the supernatent flaid
was slightly tinged
red, showing evi.
dence of hemolysia

3 gr. per kilegramme of rabbit iz a cortain lethal dose when given intravenously ; but in some cases less
would suffiee,

Table VI

Experiments on Rabbits to tfest the effects of Snlpluric or Hydrvochlorie Aeid when
siven intravenounsly.

Dilution of

aulphuric o
No. of | Weight of hydrochloric e Symptoms pro- . 2
exXpeTiment. rabbit, | acid in nor- | AATmOURE given. dueed. L TEEMAEE .
mul saline
solution.
grms. | i
L. Bulphurie 1450  Spercent. | liinte vein of Breathing sud- Died within | P, M. immediately
acid, | £ar. denly ceased, one minute, after death, Blood
in jugular vein lead-

ing from ecar-vein
injected was thick,
black, and tarry
i | looking, Heart's
blood was dark
and contained some
looee dark elots.
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Table VIII—contd,

Experiments on Rabbits to test the effects of Sulphmric or Hydrochloric Acid when
given intravenonsly—contd.

Thlwtion of
| sul phuric or
Now of Weight of hydrochloric e Symploms pro-
eXpreriment. rablit. acid in nor- G on tueed. Resuile REuangs.
mal saline
solution.

[
el .‘-:|I,11]:-I|1,|1-ip 1,430 2} peroent. 1} eo.  into | Diffculty of re- | Remained

aeid, vein of ear. apiration for a well,
minubs or s0;
| no other symp-
l tom,
LR Dhtto . 1,350 H. per cent. 2 ditta . Nl . o Ditto,
4.  Hydrochlorie 1.3 |5 pereent. 1% ditto . N . « | Ditto.
aokd.
& Ditte .| L1410 | Spercent. | 2 ditto Nil . . | Ditto.
¢ Ditte .| 1,580 | ljporcent. 2 ditte |, Nil. . . | Ditto

This table proves that the results of the intravesous injections of quinine recorded in Table VII were due to the
quinine, and not to the acidity of the dilution ; because, when quinine bihydrochlonide is dissolved in normal
saline solution in the proprotion of 1 gr. to 1 ce the acidity ns represented by the amount of combined
acid is equal to 1°3 per cent. HaS0y, or 1 per cent. H. C1,

It is evident that Hz S0y iz more poisonous for rabbita when given intravenously than H. C1. 1§ cc.of a 5 per
cent. He S0y killed a 1,450 grammes rabbit within 1 minote, whereas 1§ c.o.and 2 c.c. of a 5 per cent. H. CLL
produced mo symptoms in rabbits weighing 1,390 and 1,410 grammes respectively. See experiments 1 and 4
and &

Table IX.

Experiments on Rabbits to prove whether a non-lethal dose of Quinine given one day
woulid establish a tolerance to a lethal dose given the next day, or at a later

period.

5 - ty of

Mool Welght . . |‘hnnll 7o

experic | o | Saitclauinine | Amountgiven | normalssh | gogpiams produced!  Resut. REuings.
Emont. rabbit- . - | dissotred,

|
=il — | : ) : ==
R, . | oL,
1 o 1,540 | Bihydrochioride | 24th Amgust . 7 T No apparent symp- | Not 1l after
| ! toms. 1t doss.

Iritta « | 23th August . 12 | 1z YVary quickensd | DNod § hours | P, M. immediately
breathing ofter 15 after 2nd aflef desth,
minutes, dose, Henrt continged Lo

best several mine
ul-}t;dlﬂxr Ghlm
B apparen

| nofmal, Bo clota

in beart or large
| vessgh,  Traces
| al Miml:llj"lil on
eantrilugisg n
apecimen ol bl
in 13 per  cent.
citrate scdn
in mormal salise
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Table IX—contd.

Experiments on Rabbits to prove whether & non-lethal dose of Quinine given one day
would establish a tolerance to a lethal dose given the mext day, or at a later
period—eontd.

Craatity of
Ho.of. | Wi 1l Ameunt glven | normal sal- B¥m ploms fpoo-
EXpeeris ﬂm “bﬂmq I.nlnu. aed dates, I ine in wabch ‘nﬁﬂ- Rosult. ey
ment. rabhit | dissolved.
g, 1A
2 Bihydrochloride | 24th Aogust . @ ] Reapirat/on quick- | Well 2 hours
" B 1870 hyd ug . and atter dus| AMeriet o)
our ;  mpparently
well after T homre,

Dikta » | 25th Angmt . 1% 12 Rapid breathing | Died 1} bours | P ML imeediately
| after 10 minutes, after 2pd | alter ivath, Same
| - eondition  foumd

a5 im Noo |
| 1 : | Ditto . | Mth August . & [ Excited after Wmin- | Well 1 howr
itk = utes. Seemed well | after 16t dose.
after 1 heur.
| Ditte . | 2oth August . 10 10 Rapid respiration | Recoverod| Blood normal be-
| alter 40 minates; from th fore 10 gri. qal-
very ll after | efects  of | Bige  givem, bab
Ivotnra § seemed dy- | End dose, elight — hwemolysis
Img mfter & hours 5 hours alter. No
began to improve hamolyais § days
| after & hours, AfteTwaTd A, [
I v dloaghing at
| seat of injection.
" | Dtia « | 25th Amguat . 12 12 DifMewly in breath- | Died after 4 | P M. immediatel
Sskenkbul {1,200 | e img after 40 mimntes,  hours. afier death. E‘T}
| Thia difficalty lu-l clots in heart or
| ereased ontil death, large vemsels,
: | Bloed apparently
mormal, clatied
whek 1v and serum
1 stghtly timged red.
| Slight  hemolyais
o cenbrifuging a
specimen  im 1}
per oent. citrate of
sodn in mormal
salips solutiog,

‘The ¢Xperiments in this table fernish ne evidence of any tolerance having beon eotablished.

EZ2
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CHAPTERIY,

Remarks preliminary to a Detailed Examination of the Experiments
recorded in the next chapter.

Before dealing with the experiments in which tetanus spores and quinine were
used. it may perhaps be well to recapitulate a few of the leading points already
mentioned.

When tetanus spores are carefully prepared and freed from any traces of toxine
or contaminations of any kind, thev mayv be injected into suseeptible animals with-
out producing tetanus. This is an old and well known experiment, and never fails
when properly carried out. Its success depends on the fact that the phagocytes
can pick up and digest tetanus spores in the absence of any irritant or other material
likely to distract them : but when virulent spores mixed with toxine, other bacteria,
or other spores, sterile powdered charcoal, sterile sand, quinine, lactic acid, or
anything which keeps away phagoceytes, or occupies their attention, are injected
hypodermically into susceptible animals such as guinea pigs, or monkeys, tetanus
is the result.

These are facts which justify the statement that tetanus spores alone do not
produce tetanus, Before spores can give rise to tetanus they must gef‘minat& and
grow into bacilli, and these baeilli must elaborate an extra-cellular toxine which is
responsible for the dizeaze and all its symptoms.

Now the question arises, when tetanus spores are injected hypodermically, are
they in all cases picked up and destroyed by the phagoeytes ? or are some of them
stowed away locally, to remain dormant until some irritant or some other depressing
influence produces favourable conditions for their liberation and growth into toxine
producing bacilli ¢ Would a similar locking-up of tetanus spores take place when
wounds or abrasions are infected with spore containing material ?

The experiments recorded in this paper in addition to proving the influence of
quinine in favouring tetanus infections, will also throw some light on these obscure
points.

In some of these experiments tetanus cultures were used, but in most of them
washed spores, with and without quinine were used, the object being to prove
whether quinine helped in any way in the production of tetanus, and if so, what
was the nature of the assistance, and how it was brought about.

To save unnecessary repetition and at the same time to explain what actually
takes place when quinine and tetanus spores are injected into different parts of the
body of an animal, it may perhaps be well briefly to follow up each injection
separately.
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1. Quinine.— W hen quinine is injected hypodermically into guinea pigs, it soon
becomes absorbed, but immediately on injection and before absorption has taken
place, the tissues at the site of injection are severely damaged. This loeal destrue-
tion of tissues is so complete that in most cases a slough forms, which involves the
skin and comes to the surface, leaving an open sore within a few days from the time
the quinine was given. The acidity of the solution may to a certain extent account
for this local action, but it happens also when ** Quinoforme Lacroix,” a patent
French preparation absolutely neuntral in reaction, is given.

The effect of a localised necrotic subcutaneous foeus would be to establish a
suitable ansrobic medinm for the growth of tetanus spores should they by any
chance become lodged there. At the same time, one of the immediate effects of a
large dose of quinine would be to produce a more or less paralysing effect on the
phagocytes generally, and a ﬁegﬂtive chemiotaxis on the phagocytes locally,
conditions which would still further the growth of any tetanus spores which
happened to get lodged at the spot.

2. ** Washed tetanus spores.”—Vaillard and Vincent!® have proved that when
** washed tetanus spores 7 are injected hypodermically into guinea pigs, they are
picked up and digested by the phagocytes which crowd to the seat of injection,
provided there is nothing introduced with the spores to destroy tissue, produce a
negative chemiotaxis, or in any way to divert the phagocytes from efficiently
performing their funetion of bactericidal agents.

It may happen even with active phagocytes that some of the spores escape
destruction, and become stowed away locally. to grow and produce infection at some
future time when conditions become favourable. It may also happen that some of
the phagoeytes require a considerable time to kill off and digest the toughest of the
spores, and that phagoeytes in this condition on re-entering the circulation may get
stranded or lodged in a suitable site where the spores can grow and give rise to
tetanus. The subecutaneous or intramuscular injections of quinine would produce
such foci provided spore-laden phagoeytes become lodged there.

On the assumption that this is what happens when quinine and tetanus spores
are injected into separate parts of the body, one would expect more infections in
susceptible animals when the quinine is injected on the day before, or at the same
time as the spores, and fewer infections when the spores are injected a day or more
hefore the quinine. Also one would expect never to fail in producing tetanus
when solutions of quinine or other irritants such as lactic acid are injected mixed
with the spores.

On the other hand, one would expect to fail in producing tetanus when non-
irritants (which become rapidly absorbed), such as morphia or sterile normal saline
golution, are injected mixed with washed tetanus spores. As a matter of fact the
accuracy of these conjectures is verified by experimental tests as will be seen by
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referring to the numerous experiments detailed in the succeeding part of this paper.

In order to bring facts to bear upon what has been briefly outlined in the fore-
going remarks, it will be necessary to take up and deal seriatim with the experi-
ments upon which these conjectures and explanations are based.

In the first and second series of experiments the virulence of the strain of
tetanus used had become attenuated, and the subsequent experiments were
carried out with another strain, which possessed a higher degree of virulence, but
even this strain was not very virnlent.

Care was taken to use only absolutely pure cultures. The purity of every
culture used was controlled by examining stained specimens under the microscope,
and planting out fresh cultures. Inevery case in which °° washed spores ™ were nsed,
a control cultivation was made to prove that the spores were alive and pure. The
** washed spores ' were used imimediately after their preparation, in order to avoid
any subsequent chance of growth or contamination taking place, as either of these
mishaps would have vitiated the experiments. This necessitated the preparation
of a large number of tetanus cultivations, so as always to have a culture at a
suitable stage of growth when required.

The ** washed spores ™ were prepared as follows: Ten c.c. anmrobic broth
cultures which had been grown for a month at a temperature of 37° C. were used ;
2 ¢.c. were pipetted off from the bottom of a eulture and transferred to a sterile test
tube, and then heated in a water bath at a temperature of 75° C. for 5 minutes.
Before heating, a specimen was stained and examined to test for purity, and alse a
cultivation made so as to be available when required. Another cultivation was
made after heating tc prove that the spores were alive, and of course this culture
could also be utilised when it had sufficiently grown. When broth cultures of
tetanus have been allowed to incubate at a temperature of 37° C. for a month, the
spores are well formed and resistant, and by that time they have sunk down to the
bottom of the tube, so that, provided the tube has not been shaken, it is possible
practically to remove nearly all the spores by pipetting off the fluid from the
bottom part of the cultivation.

When 2 c.c. are pipetted off from a 10 c.c. culture for heating purposes,
and when the same quantity of this heated fluid eontaining spores is used for a series
of experiments, each animal experimented on receives practically the same amount
of spores; thisis what was done in all cases in which washed spores were used.
Guinea pigs received 0°25 c. ¢. and in the case of monkeys { ¢. c. was given.

The strictest aseptic precautions were observed in the preparation and admin-
istration of quinine, spores, tetanus cultures, or other materials used, and in no
instance were control experiments omitted.

The animals experimented upon were in most cases full grown, and in all
cases healthy, they were kept isolated in separate cages, and under the observatinn
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of trustworthy attendants night and day. At night they were visited every two
hours by a man on duty, and during the daytime they were under my own observa-
tion, but there was always an attendant on duty to note down anything that hap-
pened and bring it to my notice.

The details of these experiments are plainly given in the Tables in which they

are recorded, so that only a few remarks are necessary to draw attention to each
series separately.
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CHAPTER V.

A Series of Experiments recorded in Tables 1 to XIX,
THE 13T SERIES OF EXPERIMENTS.

In this series four guinea pigs were inoculated with ** washed tetanus spores ™
under the skin of the hind leg, and next half a grain of quinine was injected hypoder-
mically on the front of the chest, and repeated for three days. On the fourth day
one animal developed tetanus, and died three dayslater. The other three animals
remained well. Two control guinea pigs inoculated with ** washed tetanus spores
only, remained well. Another control incculated with °5 ec.c. of the tetanus
culture from which the spores were prepared developed tetanus on the fourth day,
and died pext day. _

[t will be seen from this last experiment that the tetauns culture nsed was not
very virulent, otherwise it would not have required four days for 05 c.c.to
produce tetanus in a guinea pig. :

The results of the t'b.I}armu-nt-i recorded in this table show that when quinine
15 injected hypodermically into gninea pigs it produces conditions favourable for
infection with *° washed tetanus spores, ™" even when the spores are of low virulence.

Table I.

Experiments on Guinea Pies to demonstrate the effects of (uinine in producing favour-
able conditions for infection with * Washed Tetanus Spores. " when Spores are
sjven one day before Quinine.

Amount of |
fuinine Besult, BEyMangs.
injected.

= e l et/

Mo, of ex. Drate of injec. | Date of injee.
periment. | tion of spores. | than of gquinine.

| B
1 - . st March | 2nd March : TL1.LI.L'II.1'<.. Gth March. Symptoms lecal at ontset,
1910,  right | 1910 1 then became general. An
Kiued feg. | | I I;Ip:d Kth March. anmrobio  culture made
drd  March L o front of from the tissues at the
19140, i " eheal, | gite of injoction of snores
4th  March 5 | grew tetanus bacilli.
| 1Al 3|
7 Ditto . . | Diitte . | Ditta . | Remained well
3 5 . | Ditto) . . | Ditto . | Ditto - Tt
4 . Ditte . - | Ditto - | Dditto - Ditto.
5 and lr . | Ditko . i ot o Both econtrols re:
(Contral of [ minined well.
spaores, | i |
T (Controlof 005 c.c. tetanus | Tetanus, 4th March. . Symptoms local at first,
the eulture  culture, 1st | | then beeame gencral
from  whioh = March. I Died, 5th March,
ApOres  were | |
prepared.) I |

The cultuse of tetanus used for this series of experiments was of low viruleace, as evidenced l|§| the fact
ihat three days clapsed before | o.c. produced tetanusin a guinea pig. {80 No. 7 control experiment.)  This series
shows 25 per cent. of infections when spores were given one doy before quinine ; the spores were injected in the
bind leg, and quinine on front of the chest.
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TrE 2KD SERIES OF EXPERIMENTS.

A series of experiments in which quinine injections were commenced one day
before spores were given.

Three guinea pigs were each given half a grain of quinine hypodermically on
the front of the chest, and next day °* washed tetanus spores ” hypodermically in
the hind leg. The quinine injections in } grain doses were continued for a
week. j

On the 10th day from the time the spores were given one animal developed
tetanus in the leg into which the spores had been injected, and next day the tetanus
symptoms had extended to the side, and the disease became chronic, and lasted
for a month, when recovery took place.

The other two animals remained well, as also did the control guinea pig which
received spores only.

The control which received /5 ¢. ¢. of the culture from which the spores were
prepared contracted tetanus on the second day, and died three days later.

The results of the experiments recorded in this table show that when quinine
is injected hypodermically into guinea pigs it produces conditions favourable for
infection with *° washed tetanus spores.”

Table I1.

Experiments on Guinea Pigs to demonstrate the efTects of @uinine in producing favour-
able conditions for infection with * Washed Tetanus Spores™ when Quinive is
commenced one day before Spores are given.

Na. of ex- Date of i.ll.ibl:l- Drate of injea. | Amount of qu-

periment. | tion of spores. [tion of quinine. | nine injected. Result. | Rzmangs.
1 . . | dth March | 3rd to 10th 4 gr. doily on | Tetanus, 10th March. | Dizeaze localized to the
| 1810, right | March. front of chesl. | Severe and lecalised | side on which spores were
hind leg. to right leg and | injected.

right side ; became |
chronte, and after
a month recovered. |

2 . & Ditto ; Ditto : Ditto . | Bomained well,

3 . . | Ditto .| Ditte « | Ditto 5 Thitto,

4 (Control of | Datto . re s Ditto.

Bpores).

5 (Control ni: 0% oo teta- e s Tetanus, 5th March. | Symptoms local at frst,
the oul- | mus culturs, | then became general,
ture from | 4th March. Died, 8th March.
which sp- |
ores werd | |
prepared.) | |

This serica shows 333 per cent. of infections when quinine was commenced one day before SPOTES WoTe Eiven:
the spores were injected in the hind leg, and quinine on front of the chest.

F
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Tur 3RD SERIES OF EXPERIMENTS.

This series is a repetition of the 2nd series, but a more virulent strain of tetanus
culture was used for the preparation of the ** washed spores.”

Four guinea pigs were given } gr. ‘guinine hypodermically on front of the chest,
and next day *‘ washed tetanus spores ” hypodermically in the right hind leg. The
quinine treatment was continued daily in } gr. doses in one animal for three days,
and in the other three for five days. No. 1 which had quinine for three days deveioped
tetanus on the third day after spores were given and died on the fifth day. No.2
developed tetanus on the fifth day after spores were given, and died on the thirteenth
day. Nos. 3and 4 developed tetanus on the sixth day after sporeswere given, and
both these animals passed through a severe attack of local tetanus, which involved
the right leg and right side of the body for three weeks, when they eventually
recovered.

Two control guinea pigs iroculated with *° washed spores * only, remained well,
and the control culture guinea pig developed tetanus after 24 hours and died next
day.

In the No. 2 guinea pig of this series, local tetanus developed on the fifth day
after spores were given, and the disease remained localised to the leg inoculated
with spores for nine days, after which acute generalised tetanus set in, and the animal
died two dayslater. Immediately after death, anmrobic cultivations in broth tubes
were made from seat of injection of spores (right hind leg) ; seat of injection of
guinine (chest) ; spleen ; liver ; lungs ; kidneys ; heart’s blood. When these cul-
tivations had been incubated for a month at 37°C. they were opened and examined
with the following results :—

A rtich growth of tetanus bacilli with well formed spores from the seat
of injection of quinine on the chest, and also from the seat of injection
of spores in the leg. A few micrococei in the cultivation from the
lungs, and the remaining four cultivations from the liver, spleen,
kidneys, and heart’s blood were sterile.

After this result it was deemed advisable to test further whether tetanus germs
can be conveyed from a remote site of infection such as the leg, to another part of
the body such as the chest, where quinine has been injected. The results of the
experiments detailed in Tables VIII, IX and XII prove that this is what happens
in probably every case, and that a hypodermic injection of quinine establishes a very
favourable local site for the growth of tetanus germs should any ever reach the
spot. A phagocyte carrying a few tetanus spores which happened to get stranded
in such a site would prove the starting point of a fresh focus of infection.

Is this what happened in No. 2 guinea pig of this series when it had chronie
and localised tetanus for nine days, and then acute and fatal symptoms suddenly
setin ? In 1904, Vincent,'® when experimenting with quinine and tetanus infections,
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also obtained results which favour the view that quinine injections produce foci
favourable for the growth of tetanus baeili, and that infection may be conveyed from
the original site of the disease to these foci.

Table KNI

Experiments on Guinea Pigs to demonstrate the effects of Quinine in producing favour-
able conditions for infection with “ Washed Tetanus Spores” when (quinine is given
one day before Spores,

No. of _ Date of _ Date of Amount of
experiment. injection of injection of fuinine Result. REMARES,
BHRECE. quinine. injocted.
L Tth April lﬂ!l.l.l iith to Hh | } gr. daily on | Tetanus, 10th April, | Symptoms local at outset,
right hind leg.| April. froms ehest. Ded, 12th April. then became general.
*2 Diitto .| Disto Ditto Tetanus, 12th April. | Symptoms local at first,
Thied, 23rd April. advanced slowly, then
became severs and genes
ral the day before death.
See foclmode®.
L
1. | Ditto Ditto Ditta Tetanus, 13th Aprl. | Symptoms  localized to
Bevere, but even- :??ht- leg and right side
tually  recovered body-
after three weeks.
4. Ditto Ditto Ditto Eame ns experiment | Ditto dittao.
Mo 3.
Gand 6 (Con-| Ditto : = e Both contrala  re.
trols  of mained well,
spares.) |
T (Control of | 025 g0 of & e Tetanus, $th  April. | Symptoms loeal at outset,
cultore| colture on Bevere, Dhed, Oth | but soon became general,
used for | Tth April. April,
prepara-
tion of
spores. )

This Table shows 100 per cent. of infections when quinine iz commenced one day before spores are given.
® Experiment No. 2.

As the disenso in this guinea pig assumed & somewhat chronie and localized character for nine days at the outest,
and then became acute and general, snmrobio cultivations in broth wore made from the following tissues and locali-
ties immediately after death, to prove whether infection had been transferred further than the seat of injection of
spores .—3Seat of injection of quinine ; seat of injection of spores ; spleen ; liver ; lungs ; kidney ; heart’s blood.

Heauit,—After incubating at 37°C. for & month, there was a rich growth of tetanus bacilli from the seat of
injection of spores and also from the seat of injection of quinine. Al other tubes remained sterile, with the excep-
tion of the one from the lungs which grew micrococe] only.

The skin at the site of the quinine injections was unbroken at the time of death, but there was subeutaneous
evidence of the escharotic action of the quinine,

In this caso infoction was conveyed from the seat of injection of spores in the hind leg, to the seat of injection
of quinine on front of the cheat.

THE 4TH SERIES OF EXPERIMENTS.

A repetition of the experiments recorded in Tables I[and III. Quinine was
given hypodermically on the front of the chest to four guinea pigs one day hefore
F2
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*¢ washed tetanus spores ' were given hypodermically in the hind leg, and two out of
the four animals treated in this manner developed tetanus; one on the fifth day
after the spores were given, the other on the sixth day.

The one which developed tetanus on the sixth day died three days later. Anse-
robic cultivations made from the site of spores, and the site of quinine grew tetanus
bacilli ; but those from the liver and spleen gave negative results.

The other guinea pig remained in a state of chronic tetanus for five weeks, and
eventually recovered. The control guinea pig which received °‘ washed spores’’
only, remained well, and the control culture animal developed tetanus on the second
day, and died on the fourth day.

The result of this series of experiments confirms those recorded in Tables II
and 1II, but the percentage of infections are 50 per cent. as compared with 100 per
cent. in Table ITI and 33°3 per cent. in Table II.

Table V.

Experiments on Guinea Pigs to prove the influenee of @uinine in producing favonrable
conditions for Tetanus infection when Quinine is commenced one day before * Washed
Tetanus Spores ™ are riven,

Tate of | Date of Amount of

Nc.'“' .n' injestion of injection of quinimne Result. B nMATES
SAPEETIEIE RITCE, quinine. injooted.
e | —— -

1 27th  August 2fith to 28th | 4 gr. daily | Tetanus, 3nd Seplem- | Thisease local at first, then
1910, right| August. | for two | ber.  THed, Gth hecame general. Tetanus
hind leg. days on | September. bacilli grew in ansrobic

front of cultivations made from site
chest, of injection of spores, and
from site of injection of

quinine, but not from the
1iﬂ:!r, OF uph:m.

a@ Ditto Tiitta Dhitto . | Tetanus, 2ad Beptems! Thsease localised to  the
ber ; remained ohro- | right leg, and right zide of
nix for five weeks,| body; vory severs for a
then recovered. weok, when daily improve-
ment sek in.
3 Thitta Ditto Tritto . | Remained well.
4= Titto . | Ditto Ditto . Tittn.
&5 (Control of | Ditto - Nil. P Tritto.
spares.)
6 [Control of | § c.o. culture, il Nil. Tetanns, 28th August.| Looal at outset, then became
oulture | right hind Died, 30th August. | genoral.
from which| leg.
ApOTES
WOTn -
pared.)

This Table shows 50 per cent. of jnfections when quinine js given one day befors spores ; the guinine was in

jocted on front of the chest, and spores in the hind leg.

-'{.
.
L
E.
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THE 5TH SERIES OF EXPERIMENTS.

The experiments in this series illustrate the effects of quinine in producing
favourable conditions for infection with *‘ washed tetanus’’ (which are by
themselves non-infective) when injected into guinea pigs under varying con-
ditions.

Six guinea pigs of approximately the same age and size were selected, and
divided into three lots of two each, so as to contrast the effects of quinine when
given :—

1. One day before *° washed tetanus spores ’’ were given.

Bk

2. Same day and time as ** washed tetanus spores *’ were given.
3. One day aiter *° washed tetanus spores ** were given.

The spores were injected hypodermically into the left hind leg and only one
dose given, and the quinine hypodermically on the front of the chest in } grain
doses for four days.

In the first lot tetanus set in on the third day from the time the spores were
given, and in the other two lots on the fourth day.

In all these six animals the disease ran a chronic course, and was confined to
the left hind leg (seat of injection of spores), and left side of the body : and for over
a fortnight they were bent to the infected side, and the infected leg stuck out stiff
when they crawled along on being taken out of their cages. After a month they
all eventually recovered. In the two animals which got quinine one day before
spores, the disease was more severe than in the others, and as I have already men-
tioned it set in one day earlier ; so that in these two experiments the quinine had
some influence in preparing more favourable conditions for spores to develop, than
in the other two lots in which it was given in one lot same day as spores, and in the
other the day after.

Two control guinea pigs were given spores only, and both remained well. An.
other control guinea pig was given } c.c. of the tetanus culture from which the
gpores were prepared, and tetanus set in on the second day, and it died nexg
day.

The results of this series of experiments in addition to proving the favouring
influence of quinine in producing tetanus when °‘ washed spores ** are given, also
prove that an earlier infection is likely to take place when the quinine is given
some time before the spores.
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Table V.

Experiments to contrast the effecis of Quinine on Guinea Pigs when given

() Ome day before “ Washed

Tetanus Spores " were given,

(b) Same day as “ Washed Tetanus Spores ™ were given,
() One day afier * Washed Tetanus Spores ' were given,

| | |
Date ond seat | Date and seat | Amount of

No. of R it g
= of injection of injection quinine Resualt. BEsManKs.
eEpenment. of spores, of quinine. injected.
|
1 mifiJEJFd]ﬂgn' I lflt-l to 4th | iigr. daily l Tetanus, dﬁth July: 1
& him : uly on front or4 days. | severs and confimed :
o | e || a bt e cxporimens
| covered after a % 1 q haf
month. .b' n"fl it nw.l "P"Té""
2 Ditto Ditto . | Ditts . | Same as experiment | | l‘;.irdt:!!:;nm get in om the
No. 1. A '
3 Ditto - | 2od  to 6th | Ditto Tetanus, Gth July; |
j July, on front confined  to  left |
of cheat. | side, not severs. In both these experiments
Recoversd after a | | quinine was commenced
month. » same day as spores, and
|| tetanus set in on the
4 Ditto - | Ditto Ditto Stme“ experiment J fourth day.
| No. 3.
3 Ditto « | 3rd  to Gth| Ditte . | Tetanus, Gith Jualy; | )
July: on front severe but confined | |
of chest, to left side. Ke- || I )
n both these experiments
cuvctl;:it after & ll quinins Was. commensed
I L | L one day after spores, and
- ¢ - - . + tetanus  set in on  the
G Titto « | Ditto Ditte . | Bame as experiment | |
No. 5, but diseage || 1°UFth day.
| less severe, 1.
7 and 8 (Con- | Ditto Nil. Nil. Bemained well . | Both controls nemained
trols  of | well.
SEpores |
wsed, ) |
8 (Control of | 5 c.o. teta- Nil. Nil. Tetanus, drd July: | Si\)rmptama local at outset
culture | nus coltars, gevers and  noute, ut rapidly became general,
from which | 2Zad July. Iied 4th July.
BpOTER |
L {
pearesd. )

In experiments 1 and 2 in which quinine was commenced one day befors spores wers given, tetanus sotin ons
day earlier thanin the other four experiments, in two of which quinine was gven the same day as spores, and in
tha other two the day after spores.

THE 6TH SERIES OF EXPERIMENTS.

In this series, two guinea pigs were inoculated with ** washed tetanus spores,’”
and immediately afterwards exposed to a temperature of about 38°F. in a cold

chamber.

In both cases the spores were injected into the muscles of the right hind leg,
and one of them had at the same time § gr. quinine, given subeutaneously on the
front of the chest. The one which got spores only, developed tetanus on the third
day ; and the one which got } gr. quinine in addition to spores developed tetanus
on the second day, so that the quinine probably hastened the onset of tetanus by

one day.
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As soon as tetanus symptoms set in, both were taken out of the cold chamber
and kept at room temperature, when the disease became chronic, and remained
localised to the right leg (seat of spores) and side, and was severe for three weeks,
when both began to improve, and eventually recovered.

The control guinea pig inoculated with spores only, and kept at room tem-
perature remained well ; and another eontrol inoculated with } c.c. of the tetanus
culture from which the spores were prepared developed tetanus on the second day,
and died on the third day.

It is evident from these two experiments that cold has an influence in pro-
ducing conditions favourable for infection with ** washed tetanus spores,’” and that
this mfluence is greater when quinine is given in addition. One would infer from
these experiments that it is possible for a latent infection to be stirred into activity
by cold or other depressing influences.

Table VI.

Experiments to test the influence of Cold on Guinea Pizs in the prodoction of Tetanus
after the injection of * Washed Tetanns Spores."”

No. of | Dateof |  Time of : :L:m’ﬂm |
cxperiment. | injection of | CXPOSUre : giiwn aod if | Result. R EMARES,
SpoTes. ta cald. | o Lhe 1|:|.|nr,|ur.|L |
= =
1 fth April | 0th to 12th | No quinine . | Tetanuns, 12th April, | SBevere and confined to
1910, right | April, kept in | | three days after | right leg and right side
Finiel leip cold chamber | spores. of body. Lasted for

three weeks, when it gra-
dunlly clearced away.
Tetanus, 11th April, Ditto ditta,

Al'nr'll 1:|,'J:|l:. in front of chest,  two du}'.s after

3 Ditto - | Ill:|; to 1lth ]gr. only, on

at nbout 387 |
F

|
| cold chamber|  9th April. | spores.
I at abont 38° i
F.
3 (Control of | Dilto 5 | Not exposed | Mo quinine . | Bemained well.
SPOres.) to eald, |
4 (Contrel of | 0725 c.c. teta- | Ditto « | Ditto . | Tetanus, 11th April. | Symptoms local at cutaet,
tetanus cul- nus enlture, | Dvied, 12th Apnl. then bocame general.
ture from | Sth April
which |
EPOTES |
WETE  [ibée | | |
pared.) ; |

In Mo, 1 ¢:[nrlmmt-,-ul:uld.dimiuishl;-d the animal's powers of resistance to such an extent that ** washed tetanus
gpores ' were able to grow and produce infection ; and in No. 2 oxperiment the § gr. of quinine hastened the
inflaenee of cold by one day.

TaE TTH SERIES OF EXPERIMENTS.

This series was primarily intended to demonstrate the favouring mfluence of
quinine in producing tetanus in guinea pigs, when given hypodermically on front
of the chest, and for two days before washed tetanus spores were given hypoder-
mically in the hind leg. Owing to the accidental contamination of the culture
from which the spores were prepared the series proves nothing so far as quinine is
concerned, us the two control animals contracted tetanus the same time as the
four experimental ones.
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The control anmrobic cultivation made from the washed spores, in addition to
growing tetanus bacilli, grew another spore-bearing bacillus resembling malig-
nant edema ; and a similar bacillus (in addition to tetanus baecilli) was isolated
from one of the controls and also from one of the experimental animals after death.
The results of this series are given as an illustration of the necessity of using
pure ** washed spores,”” and the importance of never omitting control experiments.
The series also serves another purpose, viz., as an example of the fact that *° washed
tetanus spores *’ mixed with other spores produce tetanus, when pure *° washed
tetanus spores 7 would fail to do so.

Table VIIL.

The results of this seriesof experiments on Goinea Pigs are given as an illusiration of
the importance of using pure cultures only when experimenting with * Washed
Tetanus Spores,’” and the necessity for control experiments.  The eulture used had
wot accidentally contaminated with another spore-forming bacillus,

No. of Date of | Date of Quantity of
; injection of | injection of quinine Results. REMARES.
experiment. AROTEE, quinine, injected.
1 2fth February, 23rd to 25th | 4 gr. daily for | Tetanus, 26th Febru- | This serics proves nothing
114, February. two days. ary. Died, 27th | so far ss quinine is con-
February. cemed, owing to the fact
that the two controls
contracted tetanus, In
all seven cxperiments
there was local swelling at
the seat of injection of
spores, and bacilli ressem-
Iing malignant cedema
present in stained speci-
mens.  Both these and
tetanus bacilli were iaola-
ted ]13' enltivations from
two cases (one comtrol
| and one experiment).
2 Ditto . | Ditto « | Ditto . | Ditte  ditto.
3 Diito . | Ditto ' Dntto ' Dntto ditto,
4 Ditta . Ditta = Ditta . Ditta ditto.

5 and 6 (Con- | 25th February Nil. Nil. | Totanus, Mth Feb- | Both controls contracted
trale  to 110, | roary, Dded, 27th | tetanus, which rendered
spores.} | February, | the series of experimenta

; | useless.

T (Control of | }o.c. tetanus | Nil. Nil. Ditto ditto | Symptoms very acute, and
culture| culture, 25th | | disense proved rapidly
from which| February. | 1 | fatal.

Sporcs | |
were 'I'Iﬂ!d |
pared.) | | [

A cultivation made from the spores used for this series after heating for five minutes at 8 temperature of 76%C.

grrvwnmi.::illm of tetanus and uthurapn:c-l’r}rming bacilli, The series proves that tetanus spores mixed with
other spores produce telanus.
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THE 8TH SERIES OF EXPERIMENTS.

The object of this series of experiments was to follow up the information,
gained from experiment 2, Table ITI (3rd series), in which tetanus bacilli were iso-
lated from the site of a guinine injection on front of the chest following the inocu-
lation of *‘ washed tetanus spores ’’ in the hind leg.

A tetanus culture was used for this series, and not ‘° washed spores,”’ as it
was necessary to produce tetanus without fail, in order to demonstrate whether
tetanus baeilli can be conveyed from the seat of infection on a distant part of the
body, such as the leg, to another part where quinine had been injected, such as the
front of the chest.

Seven guinea pigs were inoculated subcutaneously in the right hind leg
with } c.c. of a pure tetanus culture, and on the second day when local tetanus
was well marked in all, six of them were given 4 grain quinine subcutaneously
on the front of the chest. Soon after the quinine was given the disease became
severe and general, and they all died from generalised tetanus two days after-
wards.

The control animal which received the same amount of tetanus culture, buk
no quinine, also died on the same day, but later on in the evening.

Immediately after death, anerobic cultivations were made from the subeuta-
neous tissues at the sites of injection of tetanus cultures and quinine respectively ;
and after incubating at a temperature 37° C. for a week, a good growth of tetanus
bacilli, showing well formed spores was present in each of the tubes from the seat
of injection of the tetanus culture in the leg, and in five out of six from the seat of
injection of quinine on front of the chest.

Every precaution was taken to sterilise the surface of the skin before cutting
mto 1t to remove a small piece of subcutaneous tissue for inseminating the broth
tubes, and separate sterilised instruments were used for the chest and leg, so there
was no possiblity of carrying over contaminations from one site to the other when
making the cultivations.

In five out of six experiments, infection was conveyed from the original site
of infection in the leg to the seat of quinine injection on the front of chest.

When these results are interpreted, it means that quinine given hypoder-
mically in the early stages of a tetanus infection starts a fresh focus of infection,
and a focus from which tetanus baecilli (which have not been injected into it) ean
be isolated.

The question arises how did infection get conveyed from the leg to the chest
in these cases ? One can only surmise that early in a tetanus infection, the effi-
ciency of the phagocytes is severely taxed, and that some of them re-enter the cir-
culation carrying tetanus spores, and before they have been able to deal success-

fully with these spores they get stranded at the site where the quinine had been
G
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injected, where they find dead tissue under ansrobic conditions, the most suitable
conditions for the germination of tetanus spores.

A spore infected phagoeyte entering the circulation would not be likely to get
stranded in healthy living tissue, and if it did, it would not find conditions
suitable for the spores to develop, and its phagocytic action would not be inter-
fered with.

As evidence in favour of this might be adduced the fact that after death in
cases of tetanus the bacilli are not found in anmrobic cultivations made from

the internal organs or heart’s blood. (See Tables IX, X, XII, and XIV.)

Table VIIL

Experiments on Guinea Pizs to prove whether hypodermic injections of Quinine in cases
of Tetanns infection produce local eomditions suitable for the growth of Tetanns
baeilli.

| | RESULT OF AN.EROEIC CULTI-

VATIONS MADE AFTER DEATH |
Na. of U"'E*"‘ a'.':i.““" Date and seat | FROM |
eXpeTi= "'“E'"ll;m::; of injection | Result. : = REMARES.
ment. euliurs, | ©f duinine. | | Beat of injec- | Beat of injec. |
| | | tion of tion of
i tetanus oulture, quinine,
| | | .
! I !
1 | 25th August | 27th August | Tetanus, 27th | Growth of | Growth of |Tetanus local at
| 1910, mght | 1910, § gr., | Awgust. Died, | tetanus bacil-| tetanus bacil- first; then became
Find leg. | chest, 20th August. li. Li. sovere and gencrnl
| | | after quinine was
| | gven.  Infection
. wis conveyed from
| . the hind leg to
1 | seat of guininein-
| | jection on front of
| | ahest.
| |
2. | iDito . Ditte , | Datke . Ditto . Ditto . | Ditto.
3 Ditto . [ Ditto . | Ditto .| Ditto .| Ditte .|  Ditio.
4 Ditte " .| Ditte | Ditto . Ditta . Ditte . | Ditto,
5 Ditte .| TDitte . Ditta . Ditte: . Ditte . | Titta.
[ Ditte . | Intto . Ditto . Ditte . | Nogrowthof | Symptoms same as
| tetanus bacil-] experiments Noa.
| li. 1ta b
| ;
= (Control | Dtk . | Nat. Ditto . Ditto . 50 Tetanus local at
of teta. | [ outset ; then be-
nus [ came general.
culture | [
usid. ) | [
|
!

In all these experiments the tetanus bacillus was recovered from the seat of injection of culture (hind leg) and
in out of five of the six caseain which quinine was given, tetanus bacilli were also izolated from the seat of injection
of the quinine (chest). The failure to solate tetanus bacilli from the seat of guinine injection in No. 6 experi-
ment was very probably due to the fact that a hot glass rod was acoidentally used to push down into & broth tube
the amall picee” of suboutanessus tizsue used to inseminate it. The tetanus bacilli isolated from the seat of ine
jeotion of quinine were virulent for guinea pigs.
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THE O9TH SERIES OF EXPERIMENTS.

The object of this series of experiments was to prove whether quinine when
given in tetanus infections, in addition to producing a local site to which the infee-
tion becomes transferred, would also give rise to conditions in which infection
would be found in the internal organs.

Three guinea pigs were taken, and each was injected subcutaneously in the
hind leg with a tetanus culture, and at the same time each was given 1 grain of
quinine subcutaneously on the front of the chest. On the next day local tetanus
appeared in all three animals, and death took place two days later.

Immediately after death, anmrobic cultivations were made from the seat of
injections of spores, seat of injection of quinine, and from the liver, and the spleen,
A growth of tetanus bacilli took place in all the cultivations made from site of
spores, and site of quinine, but not from the liver and the spleen.

The control guinea pig which received } c.c. tetanus culture only, developed
tetanus, and died about the same time as the others. Anmrobic cultivations made
from the site of injection of quinine and site of injection of tetanus culture grew
tetanus bacilli, but the liver and the spleen gave negative results.

This series of experiments in addition to confirming the results of the anmrobic
cultivations recorded in Table VIII, also proves that quinine has no’influence in
transferring the infection of tetanus from a localised site to the internal organs,
ulthough this influence is marked in transferring infection from a localised site to
the site of injection of quinine.

Table IX.

Experiments on Guinea Pigs, to prove whether Quinine, in addition to producing favour-
able local comditions for the growth of the Tetanus bacillus; has any influence in
producing conditions in which the bacillus may be found in the internal organs,

| RESULT OF AX KROBI CULTIVATIORS MADE FEOM |
Date and seat
. Date and seat
Ko of of inpetion | 1
eaperiment. of tetanus E::::HI;?:“ Reuit, ﬂ""'“j"' In- | Seat ol HEMANES.
ealfure, ; | ’;‘i‘i::m'“ quinine Liwver, Eplevn,
| witor, injection.
1 JMh  August | 30th  Augast | Tetanas, 3lat Growih of | Growth of | Negative | Negative
1900, wight| 1910,1 gr.om August. | fetanus tetamus Tetangs Basilll wers
kind leg. front of chest, | Dded, 2nd | bacilli. b0l || cultivated from
Ba ptembser, d | meak of injection of
| m“:'“:'l “’1 l'l'ﬁm'
srat of infetion
2 Dritta . Ditey . Ditta , | Ikt Didta . | Dviftey . Ditte | imime, hb-m n?-l..t
| |+ Ipam  the liver oF
3 Ditta 5 Ditga . Ditio Ditte Ditte . | Datdo . | Ditte . 0} the splecs,

4 Comtrol of  DHUD . Nil. Ditto Ditto . : Ditte Ditto . | Tetamus bacilli were
brianuas cillivated from seat
& w | tune of Imfection of eyl-
nard. tore, but nol from

thi liver or the
i spleen,

Thsseries of experiments proves that the influence of quin‘ne in produsing local favouring conditioss for the trnsference of tegg.
gns bacilli froen the seat of infection o the sat of lil.'lll'l ne imfection, dors nod extend to producing conditionsin which the bacilles is
found in the intereal opgans, The tetanus bacllli isolated from the seat of ipfection of quinine in this series of eXperiments wepe
viralent fof guinea pigs.

G2
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TuE 10TH SERIES OF EXFERIMENTS,

The object of this series of experiments was to demonstrate what effects (if
any) quinine, morphia, lactic acid, and normal saline solution have in preparing
suitable local foci for the development of *‘ washed tetanus spores,”” when either
of these materials are given subcutaneously, and followed 30 minutes later by the
into the same site.

ra

injection of °° washed tetanus spores
Six guinea pigs were taken and treated as follows :—

1. Two received £ gr. quinine disolved in } c.c. normal saline solution.

2. Two others received ;3 grain morphia mm } c.c. normal saline
solution.

3. One received } c.c. of a weak dilution of lactic acid (dilution made with
normal saline solution).

4. One control guinea pig received § c.c. normal saline solution.

The injections to these six guinea pigs were given subcutaneously in the
right hind leg. When 30 minutes had elapsed to allow for absorption to have
taken place, each received into the site of the previous injection } c.c. of ** washed
tetanus spores,”’ and with the following results . —

The two animals which received quinine developed acutetetanus on the
third day, and died next day.

The animal which received lactic acid developed acute tetanus on the
second day, and died next day.

The two animals which received morphia, and the one which received
normal saline solution remained well.

These experiments show that quinine and lactie acid, when injected hypoder-
mically produce sites suitable for the development of tetanus spores should they
ever reach these sites; and that morphia and non-irritating solutions of normal
saline do not have this effect.

On the death of the three animals which received quinine and lactic acid,
anzrobic cultivations were made from the subcutaneous tissues at the site of
injections in the leg, and also from the liver and the spleen, with the result that
tetanus bacilli were isolated from the leg in all three cases, but not from the
liver and spleen—a further proof that infection is not found in the internal healthy
organs in cases of acute tetanus.
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Table X.

Experimenis on Guinea Pigs to prove the influence of @uinine and Lactic Acid in

producing Tetanus, as contrasted with morphia and normal saline solution, when
% Washed Tetanus Spores ™ are used ; the spores being injected into the same site
as the quinine, lactic acid, morphis, or normal saline solution, but 30 minutes Later,

EBESULT OF AN BROIO
:"t" ‘ﬁg‘g:ﬁ CULTIVATHNE MADE AFTEE
No. of | POISCHOD 0T QUL | gyyy apd eat of DEATH FEOM
experi- | ot nhia imjecticn Result. | REMAREg.
n=ent, of nél'rmllu e : ol Fperes. | |
solution. Heat  of
olution |: lation. | Liver, Spleen.
— - i — S— —
1 20th  Amgisst | Tt August | Tetangs, 1st | Growth of Negative | Negative | Gminine, and Jactic scid, when
180, ¥ gn 1000; Intosamo | Septomb o r. tetamuos imjected hypodermcally ,
quinime, right | site as quinise, | Died, 2nd | hacilli. peoduce sites” favoarable for
i g but 30 minuies | September, | | the development of ** washed
| Rater. | ielanus spores "" 7 bal EOr-
| " | | mal sline solition amd
: | | | morphin do not produce any
z Ditio Ditto Ditta Ditio Ditto ., Ditta . | local favourable  imfuence,
| The qguinise sojution aed
lactic acid did wot produce
& 20th Aungust | Tih Awgust | Tetanus, Tst Ditda Ditta . | Ditte . tetanus by dissolvin 1l
| 1810, 1 ‘ee 19140, into same Auvgnal | telanus spores, amd Tib!rll-
weak Bactic | site as  factic | Died, 1st | ing the toxine which Ghey
acid, right hind | acld, but 30| Soptember. | coplained, The 30 mingtes®
feg. nimuies later. time allowed for absospRion
mmid the growth of tetanus
backlli  from  the seat of
4 2L Angust | 20tk Amgiest | Bemalged well, | imjection would go aglinst
1010, % gr- 1811, intosame this wiew: Inexperiments
mng'lhll, right | site as morphia, | 1, 2, and 3, although the dis-
Kind leg. bt 20 miputes ease  was acule and rapid,
lager, the imfection remained lofal,
and the intermal organs were
| | feew from tetanos bacilli,
5 | Ditto Ditte Ditto. |
1 |
4 (Comtral 29th August | 23h Augmst | Dilito. | |
of the| 1010, 1 ce.| 1800, intosame '
pores | mormal, salioe | it as ndrmal
[FL- B solution, right | saline soultion,
HHI’J#-J. biit 30 miniites
lader.
1

Quinips apd lactic achd, when injfected hypodermically, prepare sites favourable for the developmeent of tetanas sposes, but mor-
Phia apd pormal sajige scjution do net produce this eBect,

THE 11TH SERIES OF EXPERIMENTS,

This series of experiments was devised with the object of proving why it is
that tetanus so rarely follows hypodermic injections other than those of quinine,
due allowance being made for those exceptional cases in which tetanus germs were
inoculated along with the injected material.

Morphia is perhaps more often given as a hypodermic than any other drug,
and yet it is the rarest exception possible ever to hear of tetanus following its use.
The same may be said with regard to bacterial vaccines, sera, and such remedies,
which are always given hypodermically, and yet one seldom, if ever, hears of a
case of tetanus following their use, although they are now given all over the
world as a routine measure in the treatment of numerous human diseases, and
doubtless by many who have hazy notions as to what asepticism really means,

¢ ffhg 1
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The two circumstances above all others which make quinine a more dangerous
weapon in the production of tetanus when given hypodermically are—

(1) The local destruction of tissue at the seat of injection.
(2) The possible paralysing effect on phagoeytie activity when large doses
are given,

The local destruction of tissue follows as a matter of course in all casesin
which quinine is given hypodermically ; and the paralysing effect on phagocytes
is a possibility when the drug is pushed and the patient’s resistance lowered
by the effects of malaria, a high temperature, or other influences.

In continuation of the line of reasoning suggested by the results of the
experiments detailed in Table X, and with the object of testing experimentally
the effects of ** washed tetanus spores ** in the production of tetanus when mixed
with quinine and morphia respectively, and injected hypodermieally, the following
experiments were carried ont. Fight healthy guinea pigs of approximately the
same age and size were selected. Three were given 1 grain quinine dissolved in
3 c.c. normal saline solution, and mixed with } c.c. °° washed tetanus spores.”’
Three others were given g grain morphia in 4 c.c. normal saline solution, and
mixed with } c.c. *° washed tetanus spores.”’

One was given } c.c. ** washed tetanus spores ** only, and the eighth guinea
pig was given } c.c. of the tetanus culture from which the spores were prepared.

The injections were in all cases given hypodermically in the hind leg, and with
the following results :—

(1) The three animals which received the spores mixed with quinine all
developed tetanus ; one on the second day, one on the third day, and
the remaining one on the fourth day ; and death took place on the
fourth, ninth, and tenth days respectively after receiving the
injection.

After death anmrobic cultivations were made from the sites of injection
of quinine mixed with spores, and tetanus bacilli were isolated in all
three cases.

(2) The three animals which received morphia mixed with spores remained
well, and not the slightest trace of local tetanus showed itself at any
time.

(3) The control animal which received * washed spores” only remained
well.

(4) The other control which received ! c.c. of the culture from which the
spores were prepared, contracted tetanus on the second day and
died next day.

It 1z evident from the results of this series of experiments that the chances of
contracting tetanus when tetanus spores are given hypodermically in a quinine
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golution are much greater than when the spores are given with a hypodermic injec-
tion of morphia.
Table X1.

Experiments to iest the effect of * Washed Tetanus Spores * when mixed with Morphia
or Quinine and injected into Guinea Pigs.

N Date of injection of mix- I
o of | ture of morphia, or Seat of B
: | . ! el 2 EMAEES,
cIpeniment. | quimine and °° washed injection. Result
tetanus spores,"’

1 Ith September 1910, = Right hind leg . = Remained well.
we EF. morphia  mixed

with washed tetanus

EpOres,

Ditto ditto i Ditto | Diitto

=

Ditte  ditto .| Ditto : Ditto.

L

16th September 10140, }
gr- quinine mixed with
wazhed tetanus spores.

|
I Ditta . | Tetanus, 18th Seplember. | An anmrobie cultivation
) Died, 20th September. | made from seat of in-
| jeetion of quinine
i mixed with spores
i | gave a growth of
| | tetanus baeilli.

5 I¥itter clik by = Ihtto o | Tetanus, 20tk Fanpl:'.-.rnln:r. Dhitta ditto.
i Dhied, 26th September

L] Ditte  ditte Diitta . | Tetanus, 19th September, | Ditte  ditto.
Died, 26th September. |
T {Control of | 16th Beptembaer, *‘washed Ditto ] | Remained well,
BpOTEE tetanus spores ** only. |
s,

& (Control of | 16th September, § eu. [ Ditto g | Tetanus, 17th September. | Severe and rapid ; teta-
emliure tetanns culture only. | | Died, 18th September. | mnus local at outset ;
from which | [ then became general.
apates | | |
wiere pres | | |
pared) | : |

This series of experiments demonstrates that tetanus spores when mixed with quinine and injected into guines
pigs produce tetanus, but when mixed with morphin doe not produce tetanus.

THE 12TH SERIES OF EXPERIMENTS.

As all the foregoing experiments with quinine and tetanus spores had been
carried out on guinea pigs, it was deemed advisable to control a few of them by
similar experiments on monkeys.

The common brown monkey found in the hills in the neighbourhood of Kasauli
was used. The animals were full grown weighing about 12 to 14 lbs., in good condi-
tion, and had been in captivity for over five months.

This series included five monkeys treated as follows :—

No. I Monkey.—Quinine was commenced at the same time that spores were
given.

On September 2nd, 1 c.e. ** washed tetanus spores’ were given hypodermi-
cally in the right hind leg, and three grains quinine hypodermically on front of chest.
The quinine was again repeated on the 3rd and 8th September, and in 4-grain doses.

E
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Tetanus developed on September 19th, but the animal was ill for two days
before this. Lockjaw was present on ths 19th September but not severe, and the
animai was able to eat and drink.

On the 21st, there was difficulty of swallowing and the jaws could only be pressed
open a little and with difficulty.

The symptoms advanced slowly and become generalised. On the 26th the
animal was killed with chloroform.

Immediately after death, ansrobic cultivations were made from the sub-
cutaneous tissues taken from seat of injection of spores, seat of injection of quinine,
and also from the liver, the spleen, and the heart’s blood.

3 c.c. of the heart’s blood were also injected subeutaneously into a guinea pig.

A growth of tetanus bacilli was obtained from the seat of injection of spores,
and seat of injection of quinine, but not from the liver, the spleen, or the heart’s blood.

The guinea pig inoculated with 3 c.c. of the heart’s blood remained well for
a week, when wasting set in, and it died on the 14th day, but showed no symp-
toms of tetanus at any time. An ansrobic cultivation made from the site of injec-
tion of this monkey’s blood into the guinea pig failed to grow tetanus bacilli.

No. 2 Monkey.—Quinine was commenced one day after spores were given.

On September 2nd, & c.e. ** washed tetanus spores” was given hypodermi-
cally in the right hind leg.

On September 3rd, 4th and 8th, 4 grains quinine were given hypodermically
on front of the chest.

Tetanus developed on September 17th, and on that date there was slight
stiffness of the muscles of the neck and the jaws. On the 19th, lockjaw was well
marked, and there was great difficulty of swallowing, and the animal died next day
from acute generalised tetanus.

Immediately after death, anmrobic cultivations were made from subeutane-
ous tissue taken from the seat of injection of spores, and from the seat of injection
of quinine, and also from the liver and spleen.

A growth of tetanus bacilli was obtained from the seat of injection of spores,
and seat of injection of quinine, but not from the liver or the spleen.

No. 3 Monkey.—Quinine was commenced one day before spores were given.

On September 2nd, 3 grains quinine were given hypodermically on the front
of the chest and next day 1 c.c. * washed tetanus spores’’ were given hypoder-
mically in the right hind leg, and at the same time 4 grains quinine on front of
chest. On September 8th it received another 4 grains quinine on front of chest.
Tetanus developed on September 15th, slight at first, but more marked on the 16th
when lockjaw was present.

On the 17th generalized tetanus was present, and the animal lay in its cage
bent forward (emprosthotonos) with shallow breathing, muscles of arms, legs,
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chest, and abdomen rigid, and jaws firmly clenched. It remained in this condi-
tion until the 21st when it died.

Immediately after death anmrobic cultivations were made from subcutane-
ous tissue taken from the seat of injection of spores, and seat of injection of quinine,
and also from the liver and the spleen.

A growth of tetanus bacilli was obtained from the seat of injection of spores,
and seat of injection of quinine, but not from the liver or the spleen.

No. 4 Monkey.—(Control of *“washed spores’’ used.) :

This monkey was given } c.c., ““washed tetanus spores’” hypodermically in
the right hind leg on September 2nd. The spores were from the same strain and
culture of tetanus as those used for the other three monkeys, and prepared at the
same time, and in the same way. No quinine was given. This animal remained
well.

~ No. 5 Monkey.—Control of the enlture of tetanus from which the * washed
spores’’ were prepared.

On September 2nd, 1 c.c. of tetanus culture was given hypodermically in the
right hind leg.

Tetanus developed on September 4th, and death took place the next day.

The disease commenced with contraction of the masseter muscles (lockjaw),
difficulty of swallowing, and rapidly advanced to generalised tetanus, and before
death the animal was bent back (opisthotonos).

The rapid course of the disease was no doubt due to the amount of toxine con-
tained in 1 c.c. of the culture used. The tetanic symptoms were not any more
marked in the inoculated hind leg than in the other leg.

Immediately after death anerobic eultivations were made from the subentane-
ous tissue taken from the seat of injection of the tetanus culture, and also from
the liver and the spleen.

A growth of tetanus bacilli was obtained from the seat of injection of culture,
but not from the liver or the spleen.

It will be seen that the results of the experiments on these three monkeys
which contracted tetanus after inoculation of *“washed tetanus spores’ in the hind
leg. and hypodermic injections of quinine on front of the chest, harmonise with
similar experiments on guinea pigs. The incubation period was more prolonged
in the case of the monkeys, and when symptoms set in they resembled those found
in the cases of tetanus in the human subject, lockjaw being an early and prominent
symptom, and local tetanus at the site of inoculation being absent (as an early
symptom at any rate) in all three cases, whereas it is always the first symptom in
guinea pigs, and when not lethal, is often the only symptom.

In these cases the infecting micro-organism was recovered from the seat
of injection of quinine and also from the seat of injection of spores, but not from

H
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the liver or the spleen in any case, nor from the blood in the case of No. 1 experi-
ment.

The tetanus bacillus isolated from the seat of injection of quinine in these

three monkeys was virulent, and killed gninea pigs in small doses (} c.c. of a 14
-days’ growth killed guinea pigs in two days ; less would have sufficed).

Table XIIL.
Experiment on Monkeys with * Washed Tetanus Spores " and Quinine,
RESULT 0F AN EROEIC CULTIVATIONS MADE FROM
%o of Date apd seat  Date sed seat
expegiment,| O Injection ol | of infection of | Hsult. i HEMARES,
peo spotes. | quinine, | Beat of injection | Seat of mlection] goe.. | Splecn,
| | of spores, of guining, & P
e, LS4 | NN o
] Ini, Beptember i 2md Beptember | Tetanms, 1ML | Growth of tetas | Growth of tefa- Nil. N, Quinine  com-
L1910, right | 1010, 3 gre.. Etpgttmb-rr. | nizs bacilli n basilll. menced same
| itk | ﬂﬁ%m‘uﬁ.u!? | September. i d;?e:l\uu:?“:n'
pr;,' whesl, | mrl_'rl AP
=t -] - "
'npt;r: ! by stifmms of
| neck and
shounlder
| | mustls, and
| | mlmou]t?
swallowing,
- il Beplember | Snl September | Tefanss,  17th | Growth of tela- | Growth of teja- i Nl Quinine  oom-
1910, rght | 1000, 4 gre., | Beptember. | naus bacill niss bacilli meneed  one
.“'hil’\f!. sl - I“j !j?lﬁ‘l. Mﬂ:lth day mr
e L B mlHr. BpHICeS, .
| ﬁ.:m :ui. P jaw, an carly
ﬂh Beplem- | urmpl:um.ltnd.
<, 4 TH., IR after
i, - tetan u s
became grne-
ral and very
i soute.
1 i -
3 | 3nd September | 2nd September | Tetanus, 15th | Growth of feta- | Growth of teta- Nl Nil. uknine  comm-
m:g:; mHght | 1010, " g:lu | Eeptember, | nues bacilli. mus bacilli Q'ri::awb;uu
£ Ard | Dol 21st ¥ ore
| Fteplemb-rr 4 | Beplember, apores. Locks
| gra,, chead. Bl Jaw, an carly
|t v genersi
L teianus it in,
feishing  up
with empeose
| thartoos,
i (Contecl | 2nd Seplembier Remalned well,
of spores 1010, right |
(T Rind feg. |
|
5 (Cantrol | 2nd Seplember | o | Tetanms, 4th | Growth of teta. &, N Lockjaw, nm
of teba-| 1910, 1 o6 | | Saptember, nuas ke i early and pro-
was euk | Getanm  cnl | Diied, it TRiBETE S¥TI e
:uhe' sl Hn&.n rl"lll- | September. ?}EI- ﬂpiail:i-
o A X T maT
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Spares.) i

hut tha anima
algi

Im No. 1ex ]pu:ir:tmt, immedistely after death, s guinea pig was injectoed subcotancously with & ec. of blood taken from the heart,

didl nof contract Refanuos, An ansgoblc cultivation made from § 2.6
gave mrative renkts,

of the keart"s blood transfesred to a broth tube

1t s evident  om the resulis of the experiments recondol in this table that quinive whin given bhypodermically to monkeys pro-
= M et * becomse infective, and capable of pn:-d.u-:l:ug fntal mug'uj,. It will hepnb-

erved that lockjaw was an carly and Brominent symptom in all foue cases, nnd that oplsthotonos was present in one case, and cmpros-
Iflll.l:\nl'li im anciner,

diseed eonditions n which pure  ** washed

nus Spores

THE 13TH SERIES OF EXPERIMENTS.
The Pmsibi]it_v of tetanus spores remaining alive and localised at the seat of

4 former injury is of the utmost importance in relation to the hypodermic adminis-

tration of quinine; Tt will be noticed that in Tables I, IT, IIL, IV, V, VL, X, i

A——
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and XTI, that there is direct experimental proof to the effect that pure tetanus
spores, free from toxine and other irritants, fail to give tetanus to guinea pigs and
monkeys when injected hypodermically ; but in a large percentage of these animals
when quinine is given hypodermically, and in a part of the body far removed from
the spores, tetanus is the result, although the quinine, syringe, and fluid in which
the quinine was dissolved were beyond suspicion, and contained not a trace of
tetanus infection.

The okject of this series of experiments was to demonstrate whether tetanus
bacilli can be cultivated from the site of the hypodermic injection of pure ** washed
tetanus spores '’ into guinea pigs, after various periods had elapsed since the spores
were injected.

Cultivations were made from eight guinea pigs. Most of these animals had
been used as controls in several other experiments in which quinine had been
given in addition to spores. None of them had shown any signs of tetanus and all
were healthy and full grown. The time which elapsed between the date of injec-
tion of pure spores, and the date on which cultivations were made from the site
into which the spores had been injected, varied from five weeks to seven months ; so
that ample time had elapsed to allow of the spores producing infection, or being dis-
posed of by phagoeytosis, or stowed away locally in the tissues at the seat of
injection, and alive and capable of producing tetanus should conditions become
favourable.

The animals were killed with chloroform. The skin at the site of injection of
spores (right hind leg in all cases) was rendered aseptic, cut into, and a small
portion of the subcutaneous tizssue and adjacent muscles removed, and placed in
broth tubes. The tubes were then rendered anzrobic, and incubated at a tem-
perature of 37°C., for a week at least. In all these eight experiments true tetanus
bacilli were isolated, and proved virulent by giving tetanus to other guinea pigs.

It is evident from these results that tetanus spores can remain localised in the
tissues for months. We know {rom experiments carried out years ago by Metch-
nikoff, Vincent and others, that when washed tetanus spores are injected hypo-
dermically into animals the phagoeytes pick them up and kill them off, and
that the spores can be demonstrated inside phagocytes taken from the site soon
after injection. Some of the spores must escape being efficiently disposed of by
the phagocytes, otherwise it would be impossible to obtain evidence of their pre-
sence in the tissues months afterwards. No doubt most of them are destroyed by
the phagocytes, and those which escape get fixed in a safe place in the tissues,
and remain there without giving rise to any symptoms.

When a person contracts tetanus through a wound, it means that tetanus
spores have entered the wound, and found suitable conditions in which to ger-
minate and give rise to the disease.

H 2
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On the other hand, should the local conditions be unfavourable for the tetanus
spores to germinate, and should they escape phagoeytosis, what is to prevent them
remaining stowed away and locked up in the tissue locally for months after the wound
has healed ¥ A condition of this kind would correspond to what is found in guinea
pigs, when washed tetanus spores are injected locally, except that in a tetanus-
infected wound, the chances are more in favour of the spores finding suitable condi-
tions for germination on account of other wound-infecting organisms accom-
panying them. There is still another condition necessary when a wound is infected
with tetanus spores, viz., anmrobic conditions. Ihave no doubt that in many
tetanus-infected wounds, owing to the absence of anmrobic conditions, tetanus f ails
to set in, and that the spores which escaped phagoeytosis get hidden away in the
tissues locally.

Table XIII.

Experiments to test whether Tetanus Spores ean remain alive anid localised at the site of
a subontaneous injection in Guinea Pigs,

! Date on which the |
| asnimal was chloro- |

K. ':'.I Date and site of injection of | formed and tisswe | HResult of ansrabic cultiva- R e
n,?:,t- Spores. taken from site of | tions in broth. = &

injection for mrl.l::i'ng |
oultivations.

1 ¢ 30th August 1910, hind leg . | 30th September 1910 | Growth of tetanus bacilli , | The tetanos bacill;
izalated from this

2 27th August 1910, hind leg . | I¥itta e | Ditto, sories of cxperi-
| menta woere virn-

3 Dhitto ditta. [ Ditta - Ditto. kf"'*' for guinen

: : ; : Pigs

4 TDitta ditta. [ Ditto . Ditto.

5 Tth April 1910, hind leg .| &rd Oetober 1910 Ditto.

G | Oth April 1910, hindleg . | Ditto ) Ditto.

7 | 30th August 1910, hind leg . Ditto & | Ditto. .

B | itto  ditto. Ditto : i * Ditto.

The reaults of this series of experiments prove the possibility of tefanus spores remaining latent and localised
in the tissucs for months.

THE [4TH SERIES OF EXPERIMENTS.

In the experiments given, advantage was taken, on the death of a monkey
and two guinea pigs from acute tetanus, to prepare anmrobic cultivations from
blood taken from the heart, and at the same time to moculate three other guinea
pigs with blood also taken from the heart of these three cases of acute tetanus.

The blood was taken immediately after death and before it had had time to
clot,

No. 1 received 1 c.c. from a tetanus guinea pig.
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No. 2 received: 2 ¢.c., from another tetanus guinea pig.

No. 3 received 3 c.c., from a tetanus monkey.

The anmrobic blood cultivations gave negative results in all three cases; no
tetanus bacilli appeared in any of them.

Nos. 1 and 2 guinea pigs remained well.

No. 3 guinea pig inoculated with 3 e.c., of monkev’s blood remained well for
a week, when rapid wasting set in, and it died on the 12th day. It showed no symp-
toms of tetanus at any time. An anmrobic cultivation made from the site of in-
jection of blood failed to grow tetanus bacilli.

In these three cases of acute tetanus the blood furnished no evidence of
containing tetanus infection.

Table XIV,

Experiments to prove whether the blood in case of acute Tetauns contains infection at
the time of death.

M. of |

! : i Resalt of anmrobic
Source from which the Result of animal expori- =i
BXeEr- | r cultivation made REMARES,
e blood was taken. ment with h-]m:k'i'.Ir Troxn Hlasd!

1 e.e injeoted subonta-

1 A El.l.ill.l':ﬂ- pig which had
neously in the hind

& our. transferred to
ied from severs and

The twe guinea pigs and the
a broth tube, and

monkey from which blood

wall marked expori-
mental totanus ; Bood
was taken from  the
heart immediately
after death.

2 Ditto

3 | A monkey which had
digd from severs  and
well marked experi-
mental tetanus ; blood
was token from  the
heart immadintely
nfter death.

leg of o puinea pig |

fatledd to give the
apimal tetanus.

2 ¢.. injected subouta-

nesusly in the hind
log of a puinca pig
fuiled to give the
animal tetanus,

3 e, injected suleuta. |
neously in the hind |
leg of a guinea pig |

falled to give the

noimal tetanus,

incubated anerobic-

ally at a tempera-
ture of 37°C for 10
days gave negntive

resulis.

Dit o

Dt ko,

was taken for these exper-
ments were  typical severa
cases of experimental totanus,
and in each of them & cultiva-
tion mude after death from
thesite of inoeulation gnven
growth of tetanus bacilli. Tt
iz evident from these results
that the blood in a case of
tetanns does not contain any
living tetanus spores, or
tetanus bacilli at the time of
death.

The resalts of this series of experiments show that the blood in cases of asute tetanus does not contain infection
at the time of death.

, THE 15TH SERIES OF EXPERIMENTS.

Considering the fact that tetanus is the most widely distributed of all patho-
genic micro-organisms, and that it has been isolated from the intestinal canal of
horses, sheep, cattle, and other animals, it is only reasonable that one would ex-
pect to find a similar infection of the intestinal tract of men, The fact that it is
_present in the intestinal tract of man and has been isolated from human excreta
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1s mentioned in most text books on bacteriology, but I cannot find any information
about the percentage of cases in which it is present, or whether tetanus bacilli
irom this source have ever been proved virulent, and capable of giving tetanus to
susceptible animals. 'With a view to gaining some information on these two points
the series of experiments detailed in Table XV were carried out.

Ten samples of faeces were obtained haphazard from 10 separate sources and
from healthy individuals.

In each case an emulsion was made by adding about 2 grammes to 15 c.c. of
sterile normal saline solution.  After thoroughly mixing, 1 c.c. was filled into a glass:
pipette and heated in a water bath to a temperature of 80° C. for 5 minutes. After
heating, the contents of the capsule were transferred to an ordinary broth tube,
which was made anwrobie, and incubated at a temperature of 37°C. for a week.
At the end of this time tetanus bacilli when present were easily distinguished by
staining specimens.

In no case was this sufficient to obtain a pure growth, as many other spore
bearing anmrobic bacilli found in the intestinal contents of man survive heating
for 5 minutes at a temperature of 80°C., and as a matter of fact, in every instance
there was evidence that such bacilli were present when the tubes were examined.
In all ten cases pseudo-tetanus bacilli were found, and in four out of the ten cases
true tetanus bacilli were also found.

The pseudo-tetanus bacillus found in these cases might, on a casual glance
and without experience, be mistaken for true tetanus bacilli; but on a close ex-
amination there is a marked difference. In the true tetanus bacillus when spores
have formed they are round, and at the very end of a thin straight rod. In the
psuedo-tetanus bacillus when spores have formed they are slightly oval, not
quite at the end of the bacillus, which is shorter and stouter than the true tetanus
bacillus, and the end opposite to the spore is often pointed. When the culture is
a few days old, the rod part of the pseudo-tetanus bacillus disappears, and spores
only are found ; whereas in the true tetanus bacillus, the spores remain on the ends
of therods for weeks. Finally the psendo-tetanus bacillus also grows anmrobically,
and is non-pathogenic for animals.

Bacilli answering in every detail to the deseription of true tetanus bacilli were
isolated in four out of the ten cases in which an attempt was made.

The virulence of these four cultures was tested on guinea pigs. and with the
following results: Two of the cultures were virulent; 1 ec. of a 14 days’ growth
produced marked tetanus in guinea pigs in 20 hours and death in 42 hours. Omne
culture was only slightly virulent as it required 48 hours for 1 c.c. of a 14 days’
culture to produce local tetanus in a guinea pig. The fourth culture was non-
virulent—1 e.c. of a 14 days’ growth failed to give local tetanus to a guinea pig.

The very fact that tetanus spores are to be found in the intestinal tracts of a
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large percentage of individuals opens up the possibility of so-called idiopathic teta-
nus oceurring, provided the spores are virulent and get lodged in a focus of dead tis-
sue, and under angrobic condition. Granted that it is possible for tetanus spores to
-enter the circulation from the intestinal tract where the mucous membrance is in-
jured, ulcerated, or in any way damaged to such an extent as to be incapable of keep-
ing back infection, what is to prevent such spores getting stranded in an injury
somewhere else in the body where there is dead ansrobic tissue ¢ The hypodermie
or intramuscular injection of quinine would prepare a suitable focus in a case of this
kind, and so would injuries of various sorts which are constantly oceurring. It seems
to me that this is a reasonable possibility of infection in cases of so-called idiopathie
tetanus, and in many other injuries including quinine injections, but to say more
on the subject at present would savour of conclusions arrived at in the absence of

proof.

Table XV.
Experiments proving the presence of Tetanus germs in normal human fieces,
No. of Preparation of mate- | Jori
sxperi- el ] hL'uItn'a.llm used. Heault. REMARES,
nvent. 1
1 Emlsion of normal | Angerobic broth | Growth of tetanus bacilli | In the four specimens which con-
fwoeas in normal | cultare tained troe tetanus bacilli, theve
saline solution and were also other spore-forming
heated 5 minutes baeilli, including the paeado-
| atB0°C. tetanus bacilli descrilied by Tavel
| and Zimmerman, but these
2 Ditto Ditto Ditto. wers eazily distinguished
| from the true form. Four
3 Ditto | Diitto Negative. out of the six negative spe-
! cimens contained pseudo-tetanus
4 Thittas Ditto Dt ta. bacilli, and other spore-forming
fc:rme:; numerous spore-forming
5 Dikta Ditto i Ditto. amoilli with no resemblance to
either the true or psewdo tetanus
' Ditto Ditto | Growth of tetanus bhacilli. bacillus were found in the re.
| maining two specimens,
¢ S | Iitto . Ditta Negative. In experiments Nos. I, 6 and & the
. tetanus bacilli isolated were wire-
g | Ihtto . Ditto Dhtto. et for guinea pigs i small doses,
l| In experiment No.o 2 the tetanos
0 Tatto o Ditta | Growth of tetanus bacilli. bacilli izalated were non-viruleot
| for puinea pigs in & doss of 1 e
10 Thitta Ditta Negative. of & 14 days' culture,

The experimenta in this table prove that a large percentage of normal healthy persons harbour wvirloent tetanus
hacilli in their intestinal tracts (4 out of 10, or 40 per cent. ).

THE 1G6TH SERIES OF EXPERIMENTS.

This series of experiments was primarily intended to serve as a control of the
tetanus bacilli isolated from the site of quinine injections in guinea pigs and monkeys
in the experiments recorded in Tables VIII, IX and XII in which quinine was given
hypodermically on front of the chest, and ‘‘washed tetanus spores’ or tetanus
cultures in the hind leg.
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On referring to the above-mentioned tables it will be seen that in every instance
except one, in which eultivations were made from the site of quinine injections in
the ecircumstances mentioned, tetanus bacilli were recovered. Vincent!7 in 1904
recorded similar results in some cases of experimental tetanus in guinea pigs in-
which quinine had been given hypodermically. It is therefore obvious from the
results recorded in this paper, and from those. recorded by Vincent, that the-
transference of tetanus micro-organisms from the original site of infection to the
site of quinine injection is one of the results to be expected when quinine iz given
hypodermically in tetanus infections ; it is also a possible result to be expected in
latent spore infections. We know that tetanus spores are to be found in the intesti-
nal tracts of a large percentage of mankind, and in some animals ; would a similar
transference of infection take place from the intestinal traet in some of these cases
when quinine is given hypodermically ? _ :

In one of the experiments recorded in this series a transference of infection
from the intestinal tract is the only reasonable explanation which can be given to
account for the bacilli isolated from the site of quinine injections.

Four healthy guinea pigs were each given § grain quinine hypodermically on the
front of the chest, and after an interval of two days the dose was repeated. Two days
after the second dose the animals were killed with chloroform, and anmrobic cul-
tivations made from the site of the quinine injections. A pure growth of tetanus
bacilli was obtained from one of these cases, but the other three gave negative re-
sults. The tetanus bacilli isolated from this one case were extremely virulent for
guinea pigs ; 0°1 c.c. of a six days’ growth was sufficient to produce tetanus ina
guinea pig after 12 hours, and death after 24 hours. None of the strains used for
the experiments recorded in this paper was anything like so virulent as this.

The question is, what was the source of infection in this case ?

Before the animal was chloroformed it showed no symptoms of tetanus; but
this does not exclude the possibility of tetanus setting in later if it had been allowed
to live longer. The fact of tetanus bacilli being absent from the site of quinine
injections in the other three experiments would exclude the quinine as a source of
infection, as all four guinea pigs were inoculated from the same quinine tabloid
and at the same time, and with the same syringe. On each occasion on which
quinine was injected a 5-grain tabloid was dissolved in 5 c.c. of sterile normal saline
solution, and from this solution 3 c.c. were filled into a 3 c.c. syringe, and from this
syringe each guinea pig received § c.c.

In these circumstances the only reasonable source of infection in this case was
the animal’s own intestinal tract. It is to be regretted that cultivations were not
mads from the intestinal tracts of these four animals ; on this account it was de-
cided to repeat the series, and include intestinal cultivations in addition to cultiva-
tions from the seat of quinine injections. (See Table XVIL)
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Table XVIL.

Experiments on Guinea Pigs to determine whether Tetanuos bacilli can be enltivated from
the site of hypodermic injections of Quinine in cases where no Tetanus spores or
Tetanus cultures had heen given,

= | Date on which i

No. of Diatea on which anxrobic oulti-
S quinine was Hite of injection valions wero
fﬂ:? given hypoder- of quinime, made from site L Reuangs.
5 mically, of quining
injection.

1 Gth Oetober lQll],,' Front of chest , | 10th  October | Negative « [ Thecultivations from Nos.
1 gr. 1910, 1, 2 and 3 experiments
8th October 1910, ! were examined on sevemnl
:%I : . = n-nu:aaiana_up to the Idth
tto Ditto .| Ditto . Dnitto, day, and in none of them
! b ! were thers any bacteria
3 Ditto . Ditto . Ditto . Ditto ] E::mllbling true tetanus
cilli,

4 Ditto 0 Diitto ; Ditto . | Growth of tata. | Inthe cultivation from No. 4
| . nus bacilli. experiment, & pun: Emw't.h
| | of tetanus bﬂtﬂli was obiain.
! ed onthe third day. This

| culture was very virulent, as

| evidonced by the fact that
01 c.¢. of a6 days’ growth
was sufficient to produce
[ tetanudin a guinea pigin 12
| bours and deathin 24 hours.

____\__

THE 17TH SERIES OF EXPERIMENTS.

In the experiments on guinea pigs and monkeys recorded in Tables VIII, IX
and XTI, tetanus bacilli were isolated from the site of hypodermic injections of quinine
given on front of the chest, when tetanus cultures, or ‘‘ washed tetanus spores **
had been injected in the hind leg.

The only reasonable conclusion to be arrived at in order to explain the presence
of tetanus bacilli at the site of quinine injections ip the experiments referred tc is,
that they had been transferred from the site of infection in the leg to the site of
quinine injections on the chest ; and with the objeet of controlling this conelusion
the following experiments were carried out.

Feur healthy full grown guinea pigs were each given a hypodermic injection of §
grain quinine on front of the chest, and after an interval of two days the dose was
repeated. Two days after the second dose the animals were killed with chloroform
and anerobic cultivations made from the subcutaneous tissue at the site of quinine
injections on front of the chest, and also from the intestinal contents.

No evidence was obtained of the presence of tetanus infection in any of these
cultivations. '

The results of this series of experiments prove that the conclusion arrived at
to explain the presence of tetanus bacilli isolated from the site of quinine injection
in the experiments recorded in Tables VIII, IX and XII is probably correct.

I
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Table XVII.

Experiments on Guinea Pigs to determine whether Tetanus bacilli can be cultivated {rom

the site of hypodermie injections of Quinine, or from the intestinal traet in eases
where no Tetanus spoves, and no Tetanns cultures had been given,

I

| DATES OX WHICH AXERODIC
| e SRS RESULT OF ANEROBIC CULTI-

|
= Dates on i Sita of | FROM VATIONS MADE FROM
No, of | which quinine | jeritet ]
eXperi- was given | Jq‘:lf | e REMARES.
ment. | hypodermical- | Fri | I
Iy. [ AR ot of quinine Inteatinal | Site of quinine Intestinal |

| | injection. tract. injection. tract.

1 15th and | Front ni'l 19th October | 19th October | Totanus bacil: | Tetanus bacil.
I &
|

17th October | cheat. 1910 191G, . li negative. li negative.
1910, ¥ gn |
cach time, |
2 | Titto : Ditto . Ditto X Ditto : Ditto . | Ditto.
3 Ditto - Ditto . Dit o 5 Ditto ; Ditte . | Ditta,
4 Ditto .| Ditto .| Ditto . | Ditta ; Dittas . Dhtto.

Tre 185TH SERIES OF EXPERIMENTS.

The result ¢f No. 4 experiment in Table XVI rendered it necessary to prove
whether guinea pigs harbour tetanus infection in their intestinal tract. Ten healthy
guinea pigs were killed with chloroform, and a portion of the contents of the rectum
and large intestine removed and emulsified in sterile broth, 1 e.c. from each emul-
gion was filled into glass pipettes, and heated in a water bath for 5 minutes at a tem-
perature of 80°C., and used to inseminate 10 broth tubes. When these tubes
had been incubated for 1) days at a temperature of 37°C., and under anwrobic
conditions, tetanos bacilli were found in one ease, but not in the other nine. In
three of the ten cases examined pseudo-tetanus bacilli were found ; and other
spote-lorming bacilli were present in all. The tetanus bacilli found in the cne case
were probably non-virulent, as 1 c.c. of a 10 days’ culture failed to give a guinea
pig tetanus.

It is evident from the result of this series of experiments that only about 10
per cent. of guinea pigs harbour tetanus spores in their intestinal tract ; and that
these spores are not in all cases virulent. This possibly accounts lor the fact that
in numerous experiments en these animals with hypodermic injections of quinine
only, none of them contract tetanus.

On the other hand the result of No. 4 experiment in Table XVI would point
to the possibility of virulent spores being present in the intestinal trace of
guinea pigs in exceptional cases.
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Table XVIIL.

Experiments to determune whether normal healthy Guinea Pigs harbour Tetanus spores
in their intestinal tract.

No. of : : |
experis Preparation ':"Ii eaterial | Cultivation used. Reosult. REMARES.
ment. z
1 Ermulsion in normal sal- | Anmrobis broth | Negative
ine solation from por- culture .
tions of the rectum and |
the emoum,  Emulsion
was heated for 5 minutm;
at & mmpmmm (]
80°C.
o Ditto : Ditta . | Growth of tetanus | Non.virulent for puinea
| bacilli. pigsin a doseof 1c.c.ofn
10 days' culture.
3 Ditta i i Thtta . | Negntive. |
4 Dhitto X . Bitto - Ditto. |
& | Ihtto . . Ditto i Dkt
fi Ditto 7 : Ditta i Ditts. !
7 Diitta . | Ditta - Ditto, ;
| O ANERD _ |
B Ihtto ' I Ditta . Ditta.
|
] | TR ATH i Ditto : Titto. '
a | THtto . - Ditto o Ditto.

TeE 19TH SERIES OF EXPERIMENTS.

The object of this series of experiments was to test whether antitetanic serum
can be trusted to protect against a certain lethal dose of a virulent tetanus culture,
followed next day by a hypodermic injection of quinine. The tetanus culture used
as a test was extremely virulent : &% . . was sufficient to kill a full grown guinea
pig in 24 hours. It contained well formed bacilli with spores and toxine.

When a culture of this kind is injected hypodermically into a guinea pig the
toxine is soon absorbed, and the spores proceed to germinate into fresh baeilli,
which in their turn elaborate more toxine, and so the disease advances unchecked ;
but when antitetanic serum has been given before the tetanus culture, the toxine
is neutralised, and a passive immunity is conferred which prevents the spores from
developing, and leaves them an easy prey to the phagocytes. Twoguinea pigs were
each given 3 c.c. of tetanus antitoxin hypodermically, on the front of the chest,
and after 3 hours a dose of a virulent tetanusculture in the hind leg. Next day
they were given § grain quinine hypodermically in the side. Both remained well.
A control guinea pig which received half the amount of the same tetanus culture

I b
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used for the two experimental animals contracted tetanus after 12 hours, and died
after 24 hours.

The fact that both animals survived the further test of a hypodermic injection
of quinine would point to the spores being effectually dealt with at the site of
injection.

The result of this series of experiments is direet experimental proof that anti-
tetanic serum is a trustworthy prophylactic against tetanus when hypodermic injec-
tions of quinine are given.

Table X1X.

Experiments on Guinea Pigs to determine whether the hypodermic injection of Tetanus
antitoxin can protect against the hypodermie injection of a virnlent Tetanus

cultnre,
No. of Bite of injeation of Site of injection of
exper- antitoxin. tetanus culture. Result. REMARES.
ment. |
1 3o.c. front of chest . | Hind lag 3 . | Bemained well i | The culture used in thess ex-
periments was extremely viro-
lent. Nos, 1 and 2 recoived
0l ec., and No. & (contral)
5 oy, 6., half the quan-
Lity given to Nos. 1 and 2.
z Diitta 5 Ditto 5 . Ditto . | 2¢ hours after the antitoxin
. « | tetanus culture were given,
| Nos. 1 and 2 received § gr.
[ quinine hypodermically, ﬂt
this had no effect in producing
totanus.
3 (Control Ditto 5 Ditto . « | Tetanus after 12
of tetanus | hours.
culture [ Diiedd after 24 hours.
used. ) i

The resalts of this serics of oxperimoats prove that tetanus antitoxin Is & trustworthy prophylactic against tefanus when it is
necessary ba give quinise bypodermically.
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CHAPTER VL

Antitetanic Serum as a prophylactic in cases of Malaria in which it is
necessary to give Quinine hypodermically.

Although cases of tetanus are, comparatively speaking, of rare occurrence after
hypodermic injections of quinine, it is a terrible calamity when they do ocecur,
To avoid with certainty what the late Professor Maclean '8 described as * some-
thing revolting in a death brought about directly or indirectly by a remedy intended
to cure,” the only reliable safeguard against tetanus when quinine must be injected
hypodermically is a dose of tetanus antitoxin. (See Table XIX.)

In countries where severe forms of malaria occur, and in those cases where
quinine cannot be tolerated by the stomach, or for other reasons, it may be some-
times necessary to give it hypodermically, When such a necessity arises, and
especially in those localities of tropical countries where tetanus frequently occurs,
it would be advisable to give a dose of antitetanic serum immediately before or
immediately after giving quinine hypodermically. A dose of from 10 to 15 c.c.
given hypodermically confers a passive immunity to tetanus for two or three weeks,
and by that time the patient would probably not require any further injections of
quinine,

It is well known that the principal use of antitetanic serum is not so much cura-
tive as preventive in its action ; as a prophylactic it is most reliable. An injection
of serum into the looze subeutaneous tissues of the side of the abdomen would not
cause any pain or inconvenience to the patient, and this amount, for the time
being, would render several daily injections of quinine safe as far as tetanus is
concerned.

Those who have had an extensive experience in treating malaria in tropical
climates assert that there are cases in which it is possible to save the patient by
hypodermic injections when it would be impossible to do so by the ordinary adminis-
tration of quinine, Itis in such cases, and not as a routine measure in those who can
tolerate quinine by the stomach, that hypodermie injections are justifiable. Given
with the precautions which a dose of antitetanic serum would ensure, there would
be no risk of tetanus ensuing, and the patient would only have to contend with
the local reaction caused by the quinine. The passive immunity to tetanus which
is s0 quickly conferred by antitetanic serum would prevent the local effects of
quinine from acting as a focus for the growth of tetanus spores, and it would also

. prevent any latent spore infection from giving rise to tetanus under the combined

favouring influences of guinine and an attack of malaria.
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CHAPTER VIIL
Conclusions.

1. Rabbits and guinea pigsare susceptible to the action of quinine when given
hypodermically, or by the stomach. When a large dose is given to these animals it

produces muscular spasms, convulsions, and death by asphyxia. When given .

hypodermieally a certain lethal dose for a guinea pig is 1 grain per 150 grammes
of body weight, and for a rabbit 6 grains per kilogramme of body weight; but in
gome cases less would suffice. When given by the stomach a certain lethal dose
for a guinea pig 15 1} grains per 150 grammes of body weight, and for a rabbit 15
grains per kilogramme ; but in some cases less would prove fatal.

Rabbits are very susceptible to small doses of quinine given intravenously.
In these animals § grain per kilogramme of rabbit is a certain lethal dose, and kills
in most cases within one minute, asphyxia being the immediate canse of death,

The fatal results of intravenous injections of quinine are not due to the acidity
of the solutions, as evidenced by the fact that rabbits can withstand the intra-
venous injection of dilutions of sulphuric or hydrochloric acid of much greater
acidity than the solutions of gquinine which rapidly prove fatal.

} grain per kilogramme of body weight is a non-lethal dose of quinine for a
rabbit when given intravencusly. .

2. When quinine is injected hypodermieally, or into the muscles, it has a well
matked destructive action on the tissues at the site of injection ; and in addition to
producing these foci of dead tissue which would serve as suitable an®robic media
for the growth of tetanus spores should they by any chance become lodged
there, it also gives rise to conditions favourable for infection with ** washed tetanus
gpores "’ injected into other sites.

3. When quinine is given hypodermically to tetanus infected animals, tetanus
germs are transferred from the original site of the tetanus infection to the site where
the quinine has been injected. The experiments on this point confirm those carried
out by Vincent in 1904.

4. Pure ** washed tetanus spores ™ given hypodermically to guinea pigs and
monkeys do not produce tetanus; but when quinine is injected hypodermically
into a different part of the body, either the day before, the same day, or the day
after spores are given, a large percentage of these animals contract tetanus.

5. Pure ** washed tetanus spores ” when mixed with guinine, or weak lactic
acid, and injected hypodermically into guinea pigs invariably produce tetanus, but
when given mixed with morphia the animals remain well. Quinine and lactic acid
when injected hypodermically produce sites faveurable for the development of
tetanus spores ; but morphia, and normal saline solution donot produce this effect.

6. Pure ** washed tetanus spores ™ when injected hypodermically into guinea
Ppigs remam latent at the site of injection for months, as evidenced by the fact that
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virulent tetanus bacilli may be recovered from these sites after a period of seven
months, and possibly after a much longer period. The importance of this fact in
its relation to the hypodermic injection of quinine is evident.

7. Tetanus bacilli or tetanus spores are not found in the blood and internal
organs in cases of acute tetanus, although they are invariably found at the original
site of infection, and at the site of quinine injections given during the disease ; they
are also found at the site of quinine injections when quinine has been the means of
bringing about an infection with *‘ washed tetanus spores ™ injected into a different
part of the body.

8. Tetanus infection was present in the intestinal tract of healthy human sub-
jects in four cases out of ten examined. In three of these cases the tetanus bacilli
isolated were virulent for guinea pigs.

9. Cold has ar influence in producing tetanus in guinea pigs when ** washed
tetanus spores ™ are given hypodermically : and this influence is increased by the
hypodermic injection of quinine.

10. No evidence has been obtained of the presence of tetanus infection in any
of the solutions of quinine used in the experiments recorded in this paper.

11. Some strains of tetanus spores are extremely resistant, and may remain
alive and retain their virulence on a rusty nib for as long as 18 years, when
the nib is placed in a test tube capped with rubber, and kept in a cupboard at room
temperature.

12. Tetanus antitoxine is an efficient prophylactic against tetanus when it is
necessary to give quinine hypodermically.
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