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apparatus, the great distance-receptor of the head, that the
tgnctions of thegla.byrinth derive 80 mugh of their importance
in human ph siology. X

¢ The function of the labyrinth is to keep the world right
gide up for the organism by keeping the organism right side
up for the world.” 38 This statement is peculiarly apposite
in the cage of those who explore the air, since it is by reason
ot the pre-eminent influence of visual sensations and the
necessity for their accurate adjustment that the labyrinth
gsins its true significance for the pilot. We can, therefore,
rest content in the knowledge that our conceptions of
Jabyrinthine activity during flight hagmonise with those
broad conceptions of the activities of the nervous aystem in
genoral, and of the labyrinth in particular, which science
owes %o the brilliant researches of Sherrington and his
even more brilliant interpretations.

CONCLUSION.

In these lectures an attempt has been made to
portray the mental and bodily mechanisms by which
the healthy organism strives with varying success to
counteract the abnormalities of its surroundings. It
is difficult to avoid the conviction that were we to
adopt a somewhat similar attitude in studying the
tunctional reactions of the organism to abnormal pro-
cesses arising not from without but from within itself—
viz., the processes of disease—we should realise more
than we do now that some af least of these reactions
are not merely consequential and nocuous but rather
compensatory and beneficial. It would, further, appear
that some such attitude is likely to foster a closer
working alllance between the science of medicine and
the more exact sclences on which it is founded, an
essential preliminary to the advancement of medical
thought and consequently of medical practice.
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AT the Crystal Palace on June 19th, 22nd, 24th,
and 26th the del Festival will be held, we understand,

on a larger acale than ever.

RESEARCHES ON THE
TREATMENT OF BENIGN TERTIAN FEVER.

By HUGH W. ACTON, M.R.C.S., L.R.C.P. LoND.,

MAJOR, LM.8.; 1/0 MALARIAL RESEARCH LABORATORY, DBRITISH
MALARIAL DEPOT, DAGSHAL, STMLA HILLA.

THE results obtained with the help of my co-workers,
Dr. Dagmar Curjel, W.M.S., and Assistant S8urgeon J. O.
Dewey, I.M.D., whilst I was in charge of the Malarial
Resgearch Laboratory, Dagshai, appear to me likely to
lead to important advances in the treatment of these
fevers. Hitherto the treatment of malaria was sanmmed
up in one word, ‘‘quinine,” and the only polnts at
digspute were the methods of administration and the
length of time this alkaloid should be taken. The othex
alkaloids of cinchona bark have been used by numerous
observers, but as far as I am aware have never been
accurately tested. MacGilchrist (1915), who made the
most systematic trial hitherto recorded of these
alkaloids, was unfortunate in having to test them under
conditions where reinfections could not be excluded and
where the cases could not be observed sufficiently long
to exclude all the relapses. The universal belief that
?uinine is equally a specific for all types of malarial

ever will have to be abandoned before any material
advance can be made in the treatment of these fovers.
Malarial fever should be regarded not as one disease,
but a group of three different fevers, due, as is already
known, to three distinct parasites, and two at least of
these require different alkaloids of cinchona bark for
their treatment. Atter making such a dogmatic state-
ment, I will first explain how quinine came to be
regarded as a specific for all three types of malarial
fever.

Quinine invariably exerts an immediate effect on all three
types of malarial infeation, causing a rapid amelioration in
symptoms and dis:ogfeamnce of the asexual parasites from
tl?an peripheral blocd. The annihilation of every asexual

ite in the body, or the prevention of relapses, is,
owever, the only test by which one can truly estimate the
specific action of these alkaloids. ¥From the present
statistical evidence it ia almost impossible to estimate the
degree to which this complete cure or sterilisation has been
attained, as the figures are markedly influenced by one or
more of the following factors :—

(1) In the tropics quinine has to be administered under
unfavourable circumstances—viz.,, under epidemic con-
ditions—and reinfections may occur as soon as the quinine
is withheld. This effect may give rise to too unfavourable
an lmé)ression as regards the cure-rate.

(2) Cases ure often not observed much longer than the
duration of treatment. y of the relapses are not! seen
by the same medical officer, and in this way too favourable
a fhmcal impression is created as regards the ourative
value.

(3) The microscope is not sufficiently employed. Fevers
are often diagnosed as ‘“ malaria®’’ fromt symptoms only,
and malignant tertian infections from the presence of
pernicious symptoms.

In spite of these factors, which maK cause an unduly
{avourable or unfavourable estimate ot the sterilisation-rate,
there is & general clinical impression that these three
fevers relapse after gquinine treatment, in the following
order of fre uenoY: quartans most frequently, then beni
tertians, and malignant tertians least frequently of all.
This corresponds to our own experience, that the cure-rate

roduced by quinine in the three types of fever is as
ollows : 90 per cent. or over in malignant tertians, 20 to
20 per cent. in benign tertians, and under 20 per cent. in
quartan infections.

The Test of a Cure.

Many of the previous workers on the action of the
cinchonsa alkaloids were compelled to work under
unfavourable conditions. Stephens and his co-workers
had to a large extent laid down the conditions that were
necessary for the test of a cure. We were more
fortunate in treating British troops under our immediate
command, where every detafl could be followed in the
treatment. Every one of our recorded cases remained
for two months or longer under observation atter com-
pletion of treatment. The adverse factors already
mentioned did not affect our figures, as they could be
prevented by—

(II The exclusion of reinfections amongst our cases
during treatment and observation. Dagshai is situated on
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an isolated hill-ton at 6000 feet above sea-lavel ; there are
very {ew sites suitahle for breeding-placesfor the avophelines
and the temperature gonditions are, for tho greater part of
the y‘e:r. unfavourable for the fertilisation of the female
gamaele.

(2) Every case recorded s a oure was obaerved for at lenst
two months, sometimes longer. This abservation time-
limit, first suggested h{ Stepheus,: was tested by ploiting
every parasitic relapse that ccourred amongst our henigu
tertian cages. These relapses numbored 978, und ave shown
in the following table.

Table I shows the trequency distribution of 978 parasitic
the bhenign tertian ragite, which

velapses, all due to
after treatment. mwl nre ahown in

000 during and
intervals of weeks.

TABLE 1.
(A) Iuterval of weeks.  (B) Number of relupses.

!

{

1 -

- Wm:::';'n i After tren linent, l é

(A)|1]|2[3|4]|5] 6] 7| 8 3 4 SLGI 7, 8! [mluiuuvnslg,zv -

BY}—114|6]|7/12]19{53 24819939823|25!26| 6|4.212111m
N S A I I B ! . : ! 1 L I

These results are lLester depicted in the formof gmgh.

which is here shown. The two iertical bara divide the

curve into three parts. o
The flrst part contains draph showing IFrequency Distri-
the relapses observed yution af 975 Purasitie Livlapscs.
during the t weeks

of treatment ; fhe second

them hy two different methods nnd found that the end-point
ocours samewhere abont Lhe Chirty-sixth week—that 8, in
henign tertinn infactiony, )f Lhe blood is examived every
week for nitne months n;mi no prasites ave found, the case
omi be vegarded ns wn ahsolme care. A vongh estimate of
this portion of the anirve can be arrived nt by drawing a free-
hamd curve from the poiut at three weeks Lo the thirty-sixth
week, shown an a dotted line iu Lhe grapb. This portion
representa another 6 per ceut. of velopses on those already
observen during Lhe eight weeks of observation. This addi.
tional 6 per cent. given the necessary correction to obtajn
the tolal number of relnpyes that would occar if the cases
were observed for Lthe full nine months after Lreatment.

(3) The purasite wan seen microsecopically in every case
hefore Lhe julienl wns placed on trentment. Individuals
harboaring the same species of malarial parasites were
teated togebher wnder the same conditions. In much of the
older work the three species ol parasitex were indisorimi.
nately mixed ng in the same trenlment groulm.

Stephena (1918) sngygested thal a seasonal influence was
preseal in his cases, which appeared materially to affeot the
cure-rate. In au article now it presa we bave dealt with this
point, and consider thnt the error of chance distribution
could explain the variations in cure-pevcentage hetter than
any seasunal influence. It is immaterinl which explanation
18 correct, bat we kuow that such Huctuations do ocoeur, and
n repetition of the test wonld settle the gquestion whether a
cure-percentage was accurute or not,

The conditions required to test u jmrticalar cure for
malurial fevers may be suruned up brie y—

11) The populntion under investigabion should be saff-
ciently larga and homogeneous. At lenst 100 men ahould be
treated, and Lhe pavasites must he of the same species and
i found microscopically in every case. .
(2) Reinfections must be oxcloded during treatment and

ohrervation.

E:r':eath.?ufﬁgpffg &lf, 250- .|, 30 Hight weeks shoald be the mivimum period of observa-
months of observation; tion requirel nlter teeatment. An additional 6 pec cent, on
the third contains such the velupses observert iu this peviod fivex the correction for
relapses as occurred what conld happen if the cases were observer) longer.
amongst the cases that i 1) The experiment should he yepeuterd if necessary o
stay longer than two . eliminate the errors due to chnuce distribugion,
g}g?tg:rig ofa%itméugvhee 200-" i An Eaplanation ot the dbsenve of Malignant Tertian

! lll.ﬁ‘v‘/innk. .
tsl\lle:;\%ﬁ\;.:uaise; &d?x?é H 1n October, 191R, 1 took oy er charge of the Research
statement made above 3 Laboratory from Major P. M. Iiennie, I.M.8., who was
about the invariable 2 then engaged in testinyg the value of the different methods
immediate effect of of quinine administration. The various gronps of men
ginine holds good. At S 150 1 undergoing the intravenous, intermiunscunlar, and oral
a|f1;.:r‘;:ift:::hom§171§€; P J treatnuents were neav the completion of thelr treatment
- (! . v

isappeare g i or observation.
dles:?phergl ni?lg!od ni): Z § Tlse Arst thing that I noticed immedintely I took over was
Eenign tertian infec- H the absence of mahynant tevt.an infoctions amongst onr
tions, and should not 4 i cases. This fact gave me the clne to all onr subsequent
be seen again until ’ \ findiugs. We were not the only ones to observe this absence
treatment is completed. : of the malignant terlian parasile, for it had beeu noticed by
Instead of this the curve Stephens (1918) aud the French workers in their cases from

ually rises daring the Salonika and Paleatine fronts. The French, in order

eatment. When we to uccount for this and explain the difficulty with which
investigated these cases benign tevtian infections are cared by quinine, went so far
we found that this result 50- as tu describe the benign tertian parasite as an altered
was due to the mal- (‘|‘ninine-resistunt form of the malignant tertian parasite.
administration of ‘e difter from these observers and explain the absence of
quinine, by the matignant tertian parasite amongst our cases as due to
potentashold b spacity

reatment, A

in ernlxitttentf b SO Py A cmm— e glulun:g:, ca‘s%;
t of trea
n{m, and toe had under-
largedoses.As 1 2 3 456 78 1 2345678 9101112131415 19 27 gone a course
soon as these Number of weeks Number of weeks of obiservation. of treatment
factors were - of treatment. with this

recognised and correoted no further parasitic relajpme oconrred
daring treatment. )

The second part of the curve shows the time freqnency of
the relapses that occur during the two months’ observation
after treatment. As the first of the curve is due to
an error it is not jncluded in the caloulation of the mean
and standard deviation. The mean of these figures is at
3404 weeks, and the standard deviation is = 242 weeks,
indicating that three—%:mrt.ers of the relapses occur
between the first and sixth week after treatment. The elght
weeks’ period of observation after treatment laid down b
Stephens is a sound practical period to test a oure, as it
lnoPudes over 90 per cent. of the relapses that may occur
after treatment. The third part of the curve from the
ninth week onwards counld not be acourately determined by
us, a8 we could not keep the men indefinitely away from
their units during war. T consulted Professor Karl Pearson,
F.R.B., todee if he could hel{) me to obtain some ideaat which
?o nt this curve might possibly end. I must thank him for

he trouble he has taken to work out the figures. He tested

alkaloid belore wrrival at the depét. ‘I'his statement is
based on the following data.

(1) Out of 992 parasitic findings only 14 individuals were
found to harbour the malignaut tertian parasite. There
were 978 showing Leuign tertian infection. -

2) At this depdt our experience of malignant tertian
infections was ymall, but every case treated by guinine was
cured. This corresponds with the exglerience of Thomson
(A917) and Barlow (1915). Thomson estimates the oure-rate
at 80 per cent. and Rarlow at 100 per cent. if treatment were
continued for a month. .

(3) Our cases were drawn largely from the Punjab, a
province where there is a seasonal prevalence of these two

rasites, benign tertians at the beginning and malj t

ertians at the end of the hot weather, In epite of this
seasonal prevalence the malignant tertian parasite was
rarely found, as all our cases had been treated with quinine
before arrival at the depdt.

(4) One hundred and two men had bLeen dl&%nosed as
malignant tertian infections, orencents heing no o their
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medical history sheets. These men had been treated with
quinine at their units in the plains. In Dagshai they only
received an iron tonic. There were uo malignant tertian
rela‘ﬁses. 64 relapsed with benign tertian infection, and
38 did not relapse. This preponderance of benign tertian
relagses in a malignant tertian series is %roba ly due to
double infections, as it is difficult to see how the patho-
! could have made an error in diagnosing ocrescents.
In a similar series of 102 different men diagnosed as
tertian infections these parasites were noted in their
cal history sheets, and the men were {reated exactly as

the p above. There were 76 benign tertian relapses, no
mligmnt tertians, and 26 did not relapse. The lower cure-
rate in benign tertian infeotions should be noted and the
absence of malignant tertian relapses in both geries.
The specific action of quinine on the malignant tertian
site explains how this parasite disappears from the
lood of arial g:tients who have returned home from the
tropics, a8 such individuals have been well drugged with
ne.

The Low Sterilisation-rate of Quinine in Benign Tertian
Infections.

The second important point that became apparent
atter we analysed our results was the low cure-rate of
quinine in benign tertian infections. Out of 668 cases
of this infection treated with quinine there were
82'4 per cent. of oures; nearly 70 per cent. of the cases
rels in spite of treatment. The sgeries of cases given
in Table II. were commenced in Major Rennie’s time
and completed by us. The results obtained were as
follows.

Table II. gives a comparison of the results we
obtained by the different methods of quinine adminis-
tration in benign tertian infections.

TABLE II.
No. |Oure | Duration| Quinine
Method, of | per | of treat. | 10 8rains
cases.; cent.| mens. eourse.
(A) Intravenous combined with { 4daysto! to
oy ovenous combined withil joo |18 §| ARl ‘hes
() Intarmusenlar combined wth | o4 | o7 | waska.| 1284
(0) Oral alone—
{1) Stephens’ intermittent 45 l
per diem for two consecutive % 1188 '8 ,. 720
days weekly ... .. ... .. \
(2) Stephens’ intermittent 30 gr.
per diem for two consecutive ;| 113 | 300 { 8 ,, 480
(s)dn.yaweegl,yrﬁ.. ethod[
Ross an omson's m .
(4)c%nm‘xi:ous fo’rfot:raon%s...l 7 | 526 |16 b 1380
ontinuous for ten days 30gr. .
perdiem... ... .. .. .. ...}Ilgo 421 |10 days. 300

Comments.

(1) The duration of the treatment is an important faotor
in the cure. e found that both in the intravenous
(1 to 5 injections) and intermuscular (12 injections) groups
the injections had to be followed by an oral treatment,
lasting in all two months, in order to obtain a better
apparen$ &eroentage. In the long continuous treatment
(Ross and Thomson), extending over a period of four months,
the cure-percentage worked out at 52-6, or double that of the
two months' courses.

(2) The method of quinine administration did not materially
affect the cure-rate. The intravenous method gave the best
immediate resnlts and caused the parasites to disa
from the peripheral blood quicker than the other methods.
The absolute care-rate was , 88 the first few cases were

only given 2 to 5 injections, which were not followed by
quinine orally.

(3 The cure-percentage was low in all the courses of two
months, and varied from 18 to 30 per cent. The short con-
tinuous course of ten days gave o higher onrg-?ercenta e
than was expected—i.e.,42'1 per cent, It is posasible that the
error of chance distribution made this figure unduly high,
but it must be noted that another rather serious and un-
known error was introduced into the group by the fact that
some men bought quinine during the od of obgervation
and administered it to themselves. e latter factor only
affected this iroup in one series, as the armistice bad been
declared and the men were anxious to return to their units
in_the hope of getting home quicker.

‘Wae are therefore able to confirm the fact that quinine has
a low rate of cure in benign -tertian infections. This has
already been shown by numerous other observers,

The Cause of the Preponderance of Benign Tertians
Amongst our Cases.

The malarial population we investigated at Dagshal
was a selected one. This selection was brought about by
quinine, as all our cases had received a course of this
drug before arrival at the depdt. : .

‘We have a.lre‘adl?v stated that quinine exerts a highly specific
action on the ma t tertian parasite, and therefore practi-
cally eliminates this parasite from the cases which have
andergone a good course of itreatment. The cure.rate of
quinine for benign tertians is low, and under such conditions
&lna. and benign tertian infections will relapse owing to

e failure of quinine and ap; again and again amongsat
a treated population. Quartans form a verysmall proportion
of the cases(this infection is relatively rare in the Puni&b)
and can be neglected. The infection seen nmt‘);;ﬁs a8
treated population in a non-infected area is practically all
due to the benign tertian parasite.

The Effect of Repeated Courses of Quinine on Benign
Tertian Infections.

" After I had analysed our Dagshai results and seen
the low cure-rate of guinine in benign tertian infec-
tions, I considered that by giving short courses of treat-
ment a larger number of effective men could be
obtained in a shorter space of time than by giving
the long courses of four months guinine treatment
advocated by Ross and Thomson. The results of this
experiment are shown in Table III.

This group consisted of 475 men who had been treated by
quinine for malaria and sent up to Dagshai, where the
were placed on an iron tonic. Out of these, 277 relapsed, an
benign tertian gites were found in every one of these
relapses. Qut of these 277, 204 could be observed for the full
two months after a further course of treatment, and of these
145 relapsed. Ninety-five could be followed for the full
period after the second course of treatment at Dagshai,
and 76 relapsed; 45 of these could be followed after the
third course and 32 relapsed. Ten of the 32 relapses could
be followed after the fourth course, and 8 relapsed. The
actual cure-rates for these four courses at Dagshai work out
at 289 per cent., 20 per cent., 28:28 per cent., and 20 cent.
respectively, or an average of 24'4 per cent. for each courge
of treatment. The maintenance of the cure-rate about a
constant of 25 per cent. from the first to the fourth course
of treatment is a very important fact, as it indicates that
neither does the parasite become more and more quinine
resistant, nor does the host's resistance alter ; otherwise the
cure-percentage should diminish with each subsequent
course. Clinically one cannot say whether g given case will
be cured with one or many courses; it secrns immaterial
whether the patient is undergoing his first or fourth course,
tor with each course he stands an equal chance of cure.

Whatever explanation may later on beadvanced to accound
for this result, it shows that the cure.rate is dependent on
some chance factor.

TABLE III.—Intervals in Weeks during which Relapses Occurred.

! ! ! ! i i
;\'o.?f . . l ‘J I | ' I ! | I | | ! i |Tota.l Tota)
eyl Treatment. 1 |2{3 4;5/6{7|8{9[1011h23N1415]1611718 19m|mzuszz,aszszv; 129120{51°32/35 %4 35'36:37 38 _pou_ | No. of
grouy. | X ! ; l ! ; l P | lapmes, | ©

: S I I O T I A
415 Treated on the plains : ' ! I l b o

: and observed in- ; GL I : ) . I L. . ' :

. Dagshal .. .. .. 15/763020j10] 6| 6] 7/ 1| 1/ 1f-11]|211 a | CL 277 - 198
00 1st ! | | 4] 4pshol ejn2lazhiahs)s|7i9(76]s|1 5] 2l i1 i | ol Ms 5

95 " Courses of |2ad ! i 1l s 1l 3j414(a 2]4|7]2]500/6,313)2 is2li-hh o ' 7% | 19
45 L aninine 4 1j1.1{1 ~jrie| stajaf-j2lala.aisf2)-2 1111 s o

i treatment | l SN ]

10 J in Dagshal, lm: R [ ) PR DR S § F 3 S5 I JSLI R 8 | 13
2 5th ' | l | 2 e by 2 |
i ! : 17,
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ran—

—

The Rate of Parasitic Destruction.

We know that the asexual malignant tertian parasite
forms 8 to 12 merozoites every 48 hours and is most
influenced by quinine. The asexual benign tertian
parasite forms 16 to 24 merozoites every 48 hours and
18 less easily destroyed by quinine. On the other hand,
the quartan parasite has the slowest rate ot multiploa-
tion, 8 to 12 merozoites every 72 hours, and is the most
refractory to quinine. This difference in the multipli.
cation-rate is thus not suficient to explain the difterence
in pc:;tre-rates by quinine, although it undoubtedly plays
a .

In our calculations, if we disregard the ocourrence of
deaths and the production of gametocytes (i.e., non-
multiplying forms), we can consider the rate of multiplica-
tion to be a continuous one—that is, 12-fold in malignant
tertian and 24-fold in benign tertian infections every three
doys. An adult man of 68 kg. body welght possesses
about 25,000 billion rooytes. Ross, in his enumerative
studies, found that in" severe infections about 12 cent, of
the erythrooytes were infeoted with ites ( billion

asites), and when the pnrasites fell below 250 million

?la;a.rasite in 100,000 er{throc 8) they uced little or no

symptoms. Theoretically, a single parasite would be oapable

in three weeks' time of multiplying sufficiently to produnce

fever. Every parasite in the body must be des o;ie before
n

a complete oure or sterilisation is effected. latent
malarig, we know that a large number of parasites can exist
in the host and multiply without cansing obvions s ptoms

bat any ocondition that depresses the vitality of the hos
can convert the latent malaria into an aoctive disease.
As regards the rate of parasitic destruction, we know that
& single dose of %uinlne cannot oure & case of malignant
tertian infection, but a series of doses are required extend-
ing over a month before a complete oure results. This
fact points to the conclusion that the rate of parasitic
destruction must be under 100 per cent., otherwige a few
intravenous injections of guinine wonld be sufficient fo
sterilise every case of this infection. The rate of destruction
must be over 95 per cent., otherwise the course of treatment
would have to be prolonged for more than a month,
Theoretically the rate of })aramtio destruction by quinine in
malignant tertian infections is about 98 per cent. of each
asexual brood. In benign tertian infections, even after a four
months’ coufse of quinine treatment (Ross and Thomson),
only 50 per cent. of the cases are sterilised.

Quinine in all types of malarial fovers canges an immediate
effect on symgltoms and a rapid disa nce of parasites
from the peripheral blocd. Ross constders that this effect is
largely due to a reduction in the parasitic poHulation from

billion or more (febrile sta.gef?o 250 million (afebrile).
Under these conditions the rate of destruction in benign
tertian infections must lie between these two values,
90 and 98 per cent., and the difficulty in sterilisation shows
that the rate must be nearer 95 per cent. than 98 per cent.

The cure-rate for a month's course of treatment in this
infection varies for the different alkaloids as follows:
Quinine 20 r cent., cinchonine about 40 r cent.,
.cinchona febrifuge 50 per cent., cinchonidine and quinidine
about 60 per cent.; so that the last two alksloids must cause
a %;eater percentage destruction of each generation. As the
rate of multifllcatnon of the benign tertian parasite is about
twice that of the mallgnant tertian, it follows that in order
to destroy every parasite in the bedy of the host the treat-
ment should extend over six weeks, instead of a month, as
for malignant tertian infections.

The Effect of the Total Alkaloids of Cinchona Bark on
Benign Tertian Infections.

Cinchona febrifuge is a preparation containing the
total alkaloids extracted from cinchona bark, made at
the Government factories in India and issued in the
form of 8% gr. tablets. According to MacGilchrist, its
average composition is as follows ;—

Per cont.
ggnulh;onig&.. lgﬁ
inchonidine ... ...
Crystallisable alkaloids 1 Quinine ... .. o 740
Quinidine ... .. .. 2283
Non-crystallisable alkaloids ... * Qulnoidine™ ... ... 29'13
Moisture, ash, &e. ... .. .. . 16'3

The bark, in addition to these alkaloids, coutains acids,
neutral principles, colouring matter, a trace of volatile oils
gum, starch, and other vegetable matter. The large amount
of ash present in cinchona febrifuge is due to the fact that
magnesium sulphate is added to the alkaloidal mass to
facilitate the preparation of tablets. Cinchona febrifuge
was advocated many years ago b{ Prain owing to its chea&
ness. We determined to -give it a trial, for if it proved
be as officacious as tiulnine, its general use would effect a
considerable saving in the amount of bark now used to
extraot quinine. The drug was tested on two series of men.

»
.

The first series of 53 men were treated for 21 days, with 21
grains given daily b{[' the mouth, the cure-percentage
worked out at 50-9, he eecond series of 57 men were
treated as above, but the cinchona l’ebrif‘:{;e was onl
given for 10 days; the oure-percentage worked out at 52-'[

ombining these two groups of men "{'110 individuals) the
cure-percentage works out at 51'8. The conclusions we
arrived at were ag follows :—

(i.) The administration of cinchona lebrifuge in benign
tertian infections is better than quminine. A three weeks'
course Fivea about the same curative results as a four
months’ course of quinine (Ross and Thomson's method).
The immedinte results are also alightly better.

(ii.) The amount of cinchona febrifuge fiven during a
course amounts to 441 gr. and costs 12, 1d., as compared
with 1980 gr. of guinine for a four months’ course, costing
16s. 8d. ce in June, 1919).

(iii.) chona febritugt% lgiven in tablet form is more
pleasant to take and less o than quinine.

(iv.) A considerable saving would be effected in theamount
of bark, ag the same quantity of bark which yields from 5 to
7 1b. of quinine would give 1001b. of total alkaloid. This ia
an important consideration at the present time, when there
is a shortage of quinine.

The benign tertian parasite is responsible for about
80 per cent. of the malarial infections in Indis, and in
England, amongst the troops returned from the tropics, it
is practically the only malarial infection seen. The employ-
ment of cinchona febrifuge in this infection would save the
In Government a;l)proximn.tely 23 lakhs, or £22500,
annually in drugs, excluding the question of efficlency in
men. This result alone should justify the value and need of
{urther research work in the treatment of these malarial
evers.

The Effect of the Cinchona Alkaloids on Benign Tertian
Infections.

Fowrteen alkaloids have been fsolated from the
various species of cinchona bark, since Pelletier and
Dumas in 1820 first discovered quinine and cinchonine.
The names and formulm of the varlous alkaloids fonnd
in cinchona bark are as follows :—

(A) Crystallisable alkaloids.

Cinchonine and its fsomeride C19H220N2 — Cinchonine and
cinchonidine.
Dl;xi{icllroclnchonlnes C19H2:0Na—Hydrocinchonine, hydrocincho-
ne

Methox):olnchon!nea C20H20aNg—Quinine, quinidine,

Mgthoxydihhdglroclnchonlnea C20H203N2 — Hydroquinine and
drogu ne.

Alkg.loids of the formula Ci9H2:02N3—Quinamine and conquina-

mine.

Alkaloids of the formula C1gH1s0NeAH3O—Parieine.

Alkalold of unknown composition—Javanine,

(B) Amorphous alkaloids known as * quinoidine.”

Dicinchonine CsaH40Q2N4.

Dlconquinine CeoHwON4.

We oan dismiss the amorphous alkaloids from & thera.

eutic point of view, for we treated a dozen cases with the
verain remedy (a mixture of quinoidine, argenic, and
picric acid). All these cases relapsed, and some of them had
arasites in the ]{:aripheml blood during the whole course of
reatment. Eight only of the above crystalline alkaloids
need be considered, as the others exist merely in minate
quantities. These alkaloids can be grouped in two series.

(A) The cinchonine series, which includes cinchonine and
its isomeride cinchonidine: and the dihydrocinchonines—
hydroeinchonine and hydrocinchonidine.

(B), The quinine or methoxyoinchonine series including
?uinine and its isomeride guinidine, hydroqujn{no and its
someride hydroquinidine.

We can dismiss quinine at once, as only 74 per cent, o!
this alkaloid is present in cinchona febrifuge, and we have
seen that this alkaloid produces a low eure rate in benign
tertian intections. Cinchonine was tested in 14 patients, of
whom eight relapsed. The is very ¢ and badly
tolerated. I had the greatest cully in persuading these
individuals to continue their treatment for the full three
weeks, owing to the intense symPtoma of cinchonism. The
number of relapses did not justity the employment of this
toxio alkaloid for any further trials. The hydro-alkaloids
of the quinine and cinchonine series I was unable to obtain,
and we were therefore left to test the two alkaloids,
quinidine and cinchonidine.

I placed a batch of men on treatment with thess two
alkaloids, At this important stage of my research I was
ordered to the recent Afghan affray. The testing of these
alknloids I therefore entrusted to my co.-worker, Assistant.
Burgeon Dew;iy, who has kindly forwarded to me the
reaults obtained.

Quinidine sulphate 10 gr. orally twice a day for 21 days;
62 cases of benign tertian infection treated, of whom 23
relapsed. Cure-percentage 62'9 per cent.

Cinchonidine sulphate 10 gr. orally twice a day for 21 days.
Forty-six cases of benign tertian infection treated, of whom



THE LANCET,) MAJ. H. W. ACTON: TREATMENT OF BENIGN TERTIAN FEVER.

(JUNE 12,1920 1261

17 relapsed; cure-percentage, 6311 per cent. As cinchona
febrifuge contains 22'8 per cent. of guinidine and 584 per
cent. of cinchonidine, the efficacy of the total alkaloids is
dependent largsly upon the quinidine content or the
cinchonidine-quinidine mixture. An interesting point is
that many have unknowingly used quinidine; for Messrs.
Howard, of Ilford, informed me that the bulk of the
quinidine they extract is sold for the Eastern market,
where, no doubt on account of its cheapness, it is substituted
for gulnine. .

This result of the value of quinidine and cinchonidine at
fivst appeared rather puzzling to me, ag my knowledge of the
gtoreo-{somerism of these alkaloids was very limited, and I
am deeply grateful to Mr. H. King, M.8¢c., of the Medical
Researog Council's scientific staff, for all the help he has
given me on the chemical aspect of this problem.

The Stereo-isomerism of the Cinchona Alkaloids.

The researches of Kénigs, Skraup, and Rabe have led
to the assignment of the following general formula being
assigned to these cinchonsa alkaloids :—

(2)
C

N H
I\ ¢
1)
\ ’ CHa Cllh CH-R'
R —CHOH—CH | CH2 JCH3
/ @ o

N
Where B = H {n the cinchonine series,
, = OCHjy in the guinine series.
R'= CH:CHj in the non-hydro-alkaloids,
CH2'CHjs in the hydro-alkaloids,

The alkaloidal molecule consists of two portions—the
quinoline nucleus on the left, and the quinuclidine nucleus,
more commonly spoken of as the * second half.” Thege two

E’ﬁons are connected by a secondary alcohol group (CHOH).
e position of the four asymmetrical carbon atoms are
shown, numbered (1) to (4). Each substance of the above
formula should therefore have 16 optically aotive iso-
merides, 8 of which would of necessity be the enantio-
morphous (mirror e} forms of the -other 8. The
number of those actually known f{s very small, as the
follow'lmio considerations show. The asymmetry of the
carbon atoms (1) and (gga the same for the four alkaloids,
cinchonine, cinchonidine, quinine and quinidine, as on
oxidation they all yleld the same dextrorotatory compound—
meroquinene—in which substance the asymmetry of the
carbon atoms at (3) and (4) is destroyed. In agresment with
this observation is the fact thal g.vinyl-a-quinuclidine-
oxime is the same when formed from any of these four
alkaloids. A loss of asymmetry of the carbon atom at (4)
ccours when these four alkaloids are reduced to dioxy-
basesbn the secondary alcohol group (CHOH) is replaced

y — —

In spife of this loss of asymmetry four different dioxy-
basisareformed—viz.,cinchotenine,cinchotenidine, quitenine
and quitenidine. It follows that the different optical activity
of these bases and the four alkaloids is conditioned by the
asymmetry of the carbon atom (3). This is further su, liorted
by the observation that quinine and quinidine both yfe d the
same dextrorotatory quinotoxin, whilst cinchonine and
cinchonidine yield the same dextrorotatory-cinchotoxin.
In thig case the asymmetry of both carbon atoms at (3) and
(4) is destroyed. At present it is not known what part the
clitmr; d:tom at (4) plays in the optical activity of these
alkaloids.

The cinchona alkaloids may therefore be bracketed
together in pairs as follows :—

Cinchonine—cinchonidine. Hydrocinchonine—hydrocinchonidine.
Quinine-—quinidine. Hydroquinine—hydroquinidine.

The chemical differences between these four lgz'oul:m are as
follows, The quinine series are methoxycinohonines—i.e.,
alkaloids in which H of the cinchonine series has been
replaced by a CH,O group at position.6 in the quinoline ring.
The hydro-alkaloids differ from the non-hydro-alkaloide in
that the vinzl group (CH : CH,) of the latter has been
converted into a CH, * CH, group. The difference between
the members of each gmir—-e.g.. cinchonine and cinchonidine
—is due solely to the spatial arrangements of the atoms
around the asymmetrical carbon atoms at (3) and f4).

The following table shows the nitude and signs of the
optkl:al a::tivity of the above alkaloids, as basge, in alcohol as
a solvent.

Alkaloid. ‘ Hydro-alkaloid. Isomeride. I Hydro-1someride.
Clinchonine| Hydrocinchonine | Cinchonidine | Hydrocinchonidine
[2)o +224'4| [alo + 1898 [a]o -1 [ao — 984

uinine Hydroquinine Quinidine Hydroquinidine.
[« = 1582 alp — 1422 | [aJo + 2435 l (alo + 13653

stalline alkaloids which have
been tested exert a marked effect on the symptoms, and
disappearance of the parasites from the perigheml blood
in cases of benign tertian infection, and those I have
teated have the same action on the malignant tertian.

ain, my co-worker, Dr. Dagmn.r Curjel, tested the
effects of these alkaloids on the hmmoproteus of the
Rjgeon. and found that they had no parasiticidal action.

hese alkaloids, therefore, show & marked selection
for the human malarial agite, but in different degrees.
We have already seen that quinine is a specific for the
malignant tertian parasite, and Mac@Gilchrist (1915) con-
gidered that hydroquinine was even better than quinine.
Our Dagshai results show that (iulnidinq and cinchonidine
are more selective for the benign fertian parasite than
quinine or cinchonine.

The Factors on which the Parasiticidal Action Depends.

As far as can be reasoned from a chemical gfudy, the
parasiticidal action of these cinchona alkaloids is
dependent on three factors in the complex alkaloidal
molecule.

i.) The group occupying position 6 in the quinoline ring.
C(lnchonine is very toxic gor man, but the substitution of a
methoxy group ((r&[aO) in the qufnine series decreases the
toxioity without materially altering the parasiticidal action.
Grimaux and Arnaud have shown that toxicity increases
with further increase in the size of the radicle occupying
this position.

(ii.) The vinyl up (CH : CHy) in the nmuclidingggstem.
The viny] group is reglaced by & carboxylic group ( H) in
the formation of quitenine and cinchotenine, and Ramsden -
haa found quitenine inert against the malarial parasite. The
inactivity may be due o & chemical reaction between an
acid and the alkalies of the plasma. The vinyl group is not
& decisive factor, as it 18 present in cinchotoxin and
quinotoxin, and both these keto-bases have no parasiticidal
action against the malarial parasite. The h{ldrogena.tion of
the vinyl group (CH : CHy) to CHj * CHs in the hydro-alkaloids
renders such alkaloids more difficult to oxidise, and they are
accordingly not easily brolken down in the body tissues. This
may increase their parasiticidal action. MacQGilchrist has
shown that hydroquinine has a more potent action than
quinine on the malignant tertian parasite.

(iii.) The grouping of the quinuclidine system around the
ssgnmetrical carbon atom at (3), as shown by the optical
rotatory power. We have seen that the as etrical carbon
atoms at (1) and (2) in the cinchonine and quinine series are
all similar and therefore need not be considered further.
In the formation of cinchotoxin and gquinotoxin the asym-
metry of the carbon atom at (3) is destroyed and the
parasiticidal action is also destroyed. Inm cinchotenine and
quitenine, on the other hand, the asymmetry is still pre-
gerved, yet these substances have no therapeutical value.
8o that the asymmetry of this carbon atom-is essential but
not decisive.

The lmvorotato

Now all of the above ¢

alkaloids, quinine and hydrequinine,
have a specific action on the malignant tertian parasite,
whilst e dextirorotatory alkaloid uinidine (hydro-
&ﬂnidine has not been tested as yet) is more powertful
an quinine in its action on the benign tertian ite.
The corresponding lmvorotatory isomeride cinchonidine
behaves very similarly in its action on the benign tertian
arasite. Both these isomerides are much less toxie to man
han quinine. We therefore conclude from this chemical
study that :
(1) The methoxycinchonines—viz., the quinine series—are
less toxic than the cinchonine series.
2) The hidro-alkaloids are more stable.
3) That the lmvoratory alkaloid quinine is a specific for
the malignant tertian parasite, whilst the dextrorotatory
alkaloid quinidine is the best alkaloid tested so far for the

benign tertian parasite.
Conclusion.

Much more work will have to be done, both chemically
and experimentally, before we can gain an idea of the
exact action of these alkaloids on the malarial parasites.
The work is8 being continued under the Medical Research
Council, and I may here take the opportunity to thank
Dr. H. H. Dale, F.R.S., of their staft, for kindly
permitting me t0 work in his laboratory and for the
very material help he has given me, both by his advice
and by placing the resources of his laboratory at my
disposal,
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