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UnsversiTy ColLiet Hosprral MEDicar dcHool

(Uwivennry vr Lorcox),

Terermwnve Na, UNIVERSITY STREEY, W.L.L
EUSTan a6t
FExTH, 20

Deparindnd of dfarhid Analomy
ProfessoR G. R. CAvER0N, 4th June . 1954,

r.a

My dasr De,

I received your note of the 3lat May this morning, 0[O not worry
abont fesling stegnant, So far a8 I can see there ia not the slighteat algn
that thet 1s the cmge, That last papsr of yours im the Journal of Pathology
on husmorrhage spd cholerr 1s ap excellent plece of work, a3 1 happen tc know
from the remarks mede by Professor Oukley, emd ths other paper you had 1n
the A, M.J. or the Lancet - I have forgotten which - 1s also a good pilece of
work, You ere doing far more than most pleced in India ever achlave and 1
am very mroud of the way in which you are ruoning your departmont and inspiring
your pupllas, I hope that you will be promoted tu take Professor Tribedl's
place when he goes, Ypu deem to me to be the obvious cholce, but ¢f course one
never knows about thess thiugs and unlversity aml governdient polities ere often
Aisapnointing, Howsver, I fesl that it would be very difficult to paes over
your ¢lalmg, especlally slopce you have published such a lot of good work slince

you took over your Chalr,

T wigh you cOuld come back and have & year with us, Or at any rute
part of a year, end enjoy a rest and contdet with cther people, We are doing
very well, There ls 8 lot of excellent work coming out and belng prepared for
publication, I mm most pleased with Buou Mallik and Gupta from Nav Dallhl 1b
ghuplng very wall, We have two new pecple promised for next Uctober but tbere
will ve the inevitable departures,

Thank you for your kind remarks about the two pepers, The one in the
B, J, has been purticularly succesaful Judging by the reyuesty for reprints
from all qver the worid, and the people who have written to me about Ar, I am
glving the firat Matthew Stewart leecture at Lasds on the 17th June add 1l expeot
that will be sublished sooner or lLater, It is called "The Exploretléoe of the Cell"
and 1t wll be largely based on the work going oo in my department, 1t will be
6n amusing experience im a weay baceuse Profegsor Matthew Stewart will actually
be ‘thera torether with his wife, In July 1 sm taking part a3 one of the cpeners
in 8 Ciba Foundation Symposiwn on sgeing and I am also lecturing to the
Intarnational Medicsl sStudents' Soclety on cirrhosia of the liver. all of these
thinga teke time ta prepare but they ure useful exerclses ip catching up with
the liternture and collecting one's own thouphts,

My mother is much the same, she had her bad weeks amnd
then improves, You would See a great change in her, She 13 very
glow in her speech, very forgetful und at times wanders o grest
deal, but she often asks about you and she was .deiighted when she
recelved vour lest letter, 3he has vary little strength to support
“hereelf and is confined to her room im the nursing home,

How is your family getting on? I sxpaect your children -
gre growing rapldly and you ars seelng great charnges 1n them year
by yvaar,

I ahall not be able to pend a paper to the Assoclation af
Indien Pathologlsts thia year but I will try and do so in the followink
ysar, unless of course I fimd August e much guleter month than I
apticipate, It 1s the opnly month in the yenr to which I look forward
to doing things which particularly iotereat ms apart from routine and
supervision, If I get a week's yulet ] mey he able to Send you a
paper to read this year, but I fear that will not be the case,

o Ui

with all good wiales,

Ever yours,

Professor 3, N, De,

45, Harnison Road,
Celcutta, 9,
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FRON THE MASTER St CROSS COLLEGE
. OXFORD

POSTCODE 0Xi1 5TU
TELEPHONE 43182

31 May 1977

Dr S N De

P-100-A, C.I.T. New Repad,
Schene 52

Calcutta 700 014

India

Dear Dr De,

[ am thinking of writing a history of bacteriai toxins and
propose to work myself into the subject by writing an account of why it
was that although cholera toxin was the first to be postulated (Snow,
18497 Koch, 1884} it was the last to be discovered (S N De, 1959).
Diphtheria toxin was postulated by Loeffler in 1884 and demonstrated four
years later by Roux and Yersin; tetanus toxin was postulated by Nicolaier
in 1885 and demonstrated by Faber in 1890. I think that it tock so Tong
for cholera toxin to be demonstrated for a number of reasons:

{1) Koch had insisted both at the first and the second cholera
conferences in Berlin, 1884 and 1885, that death from cholera was
not due to the dehydration and thickening of the blood but due

to a systemic actign of the toxin. This, I think, Ted most
investigators in the decades that followed always to test for

toxicity by the parenteral route, which caused a great deal of
confusion.

(2) In the early thirties, this confusion was stabilised by the
acceptance of the erronecus idea that the cholera toxin was its
endotoxin,

(3) In the early fifties a further confusion was added by the
mucinase hypothesis.

(4} Although Koch himself had introduced cultures into the small
intestine, both by direct injection and by feeding combined

with alkali and opium treatment, and Violle and Crendiropoulo had
tnvented the ligated le¢ p as early as 1915, nobody seemed to

think of putting cholera culture filtrates into such preparations.
Nobody, that is to say, until you finally did so in 1959,

[ think your work was of tremendous significance and most serious

researchers on cholera thruughnut the world ackrowledge this. But I am
told that you were disappointed at your famous experiment because you

thought that you had not really established your point. I would be
most grateful if you would be so kind as to tell me whetner this was so.
I should also be very glad to have your comments on the other points

I have made in this letter.

It is a great honour for me to be in correspondence with you,
[ have made many visits to the Cholera Research Laboratory in Dacca,
and I hope to make some niore. Next time 1 do so I would like to stop
over in Calcutta and pay my respects to you.

Yours sincerely,

Je= g W

W E van Heyningen
Reader in Bacterial Chemistry
Sir William QDunn School of Pathology

University of Oxford
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TYPESCRIPT OF S. N. DE'S HANDWRITTEN LETTER TO
W. E. VAN HEYNINGEN, OXFORD UNIVERSITY*

Dear Dr. van Heyniagen,

It has been a pleasure to recelve your letter of May 31 for
which I am most thankful.

The reasgns as noted by vyou for delay 1in discovery o¢f chol-
era enterotoxin are to my mwind, guite correct. The early
French work on ligated lIoop was not extended furtier and was
forgotten. When we used the ligated loop 1in 13953, we actually
rediscovered the technigque only to pe surprised about 7/ years
later to find it accidentally as an abstract 1in ropical Dis-
eases Builetin, 1915. I have acknowledged this 1In my book
Cholera, i1ts pathology and vpathogenesis, Oliver & Boyd 1961,
If the French work on loop technigue was more widely Kknown
and/ocr used, cholera enterotoxin would have been discovered
much eariier -~ the only question then was to strike at the
proper cudture medium.

On my side I was satisfied about the cholera enterctoxin. My

disappointment came when I tried ¢to extend the work tTo 1ts
natural c¢onclusion — viz. to prepare a&a preventive cholera
toxoid. This was due to
(1) My failure to concentrate the toxin
(Z2) replacement of typical strains of cholera vibrio by the
so-called EI Tor wvibrics which are poocr toxin producers and
which, I think, are nmutated forms of V. chelerae.
(3) My falilure to preserve the toxicity of the toxigenic
strains. Workers in developed countries cannet imagine how
difficult it 15 to carry out and continue research
work without willing personnel and without equipments 1n an
undergraduate teaching (Path & Bact) cum hospital pathology,
bacteriology & histology dept. 1in a country like ours.

My teacher the late Sir Roy Cameron was a Ssource o¢f ccenstant
inspiration to me and his encouragement kept up my spirits
when low. His death put the last nail on ny struggle against
all these odds.

I retired from service in 1973 at 58 and I am now running a
grocer’s shop - viz. a c¢linical diagnostic labcratory at wy
residence. I have taken it as a hobky which keeps me fit and
fairly busy. I have at Jleast this c¢onscolation that I am giving
some service to the public switching over to an applied branch
of my Dreoad subject of pathology.

Yours 15 a name nmnuch familiar to me as I have read at one
time with great interest your chapter on toxins. Please do Etry
ro  contact me when you pass through Calcurta and Kindly Let me
know beforehand, It will be a pleasure and honour to meet you
in person.

With kind regards,
Yours sincerely,

» 1 r i 2 X ,
= 1, =
, r ‘ Lo . e ..:- .-,

I,i

*This letter was wxittén in - -response to 'van 'Hayﬂiggéﬁféffﬁﬁtﬁsgh
of 31 HMay, 1977 which is prianted on p. 689 of this igsug. > - |
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NOBEL SYMPOSIUM TALK BY S. N. DE*
(AUGUST 6-11 1978)

Chairmen and f£riends,

Arne Tiselius, 1in his pontifical address c¢n ‘‘Priorities in
Scientific Research’’ commented ‘‘when discoveries &re pub-
1 shed in scientific li-erature, they are presented 1in & form
which does not tell us very much about how things really nhap-
pened’ " .

Let me begin with the untold story of how we hit upon the
rabbit ileal loop =echaique from which have stemmed all the
present important and interesting developments on enterotox-
ing. It will appear as reminiscences of a retired person that
I am and I hepe vyou will allow me the Indulgerce.

In our first animal experiments, we opened the abocomen of
: rabbizs wunder local anaesthesia and 1introduced heavy
culture of V. cholerae =ixed with mucin intc the lumen of the
small intestine. Little symptoms were noted Dbut some of the
animals were seen dead 1in 3 to 4 days. At autopsy the huge
caecum of these rodents which normally contains pasty semi-
solid material was found distended with semiiiquid faecal mat-
ter. We realised why previous workers had failed to produce
cholera in rodents - +the fluid that pours out in the small
intestine ZIinds a wide and comfortable accommodation 1in the
caecal Dbackwater for absorpticn and deoes ncot find its way out.
We at once proceeded to produce lLocalised chelera in a short
ligated segment of the small intestine, by-passing the inter-
vention of +he caecaum, and the trick workad.

*This iz the rnedited text ﬂf De’s zalk at Ihe 43rd Fiﬂéﬁf Swwm on Ckafem and Related ﬂmrrkm*as

Md @ Stockholm, Augm 6K, 1978, The original test found with De’s paper conuing markings indi-
" cating several possible Mmmg The figures and Wﬁ m‘kﬂed to were presumably on slivles and gre
“net aqvailable, T reviewing this symposiwm, R. A. Finkelstein and M. Boesman-Finkelstein (Nature
- I978, 275, 173) concluded: by soping! 'Particpants were. reminded of how far we have come in a short
""" - siogg by the presenee of w Xf the Indion M"«?’E‘Wﬂﬁﬂ 5. %.De {Calowttal, who in the ke 1950s first
*M w the’ smm e;fzcgﬁvm mfﬁ ba pm'ﬂw i’n I‘mbm*y madeis by m‘f-ﬁw products of

ﬁMaﬂw&wzw&ﬁE*“*'“” N |

'I.-.* .0
oo . ,

At that time we were unaware of Viglle and Crendiropoulo’s
38 years old short paper 1n the proceedings of the TFrench So-
cletie de Biologie. About 5 vyears later when searching the old
literature for preparing my moncgraph on cheolera, I came
across an abstract of the French work 1in the Trepical Diseases
Bulletin. I have acknowledged this fact in my monograph. OQurs
was actually a re-invention and not a revival of the earlier
French work, which had rapidly sunk intc obscurity.

We were then labouring under the age-0ld belief that V.
Cholerae produces an endozoxin. But sterile filtrates of ul-
trasonic lysates oI washed wvibricos failed to swell the rabbit
loop. This 1led us to try sterile supernates from cultures in
different liquid media. At last, 5 p.c. hactopeptone gave us
the desired success. We attributed the fundamental pathology
of cholera wviz. outpouring of fluid dinto. the small intestine
Lo an exotcxin and called it cholera enterot=oxin.

Sincev the termination of the last World War, some strains of
bscherichia coli carrying certair antigernic markers have been
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NOBEL SYMPOSIUM TALK BY S. N. DE

»

regarded as responsible for nursery outbreaks of infantile di-
arrnoea. In the early 1950s when the position of these entero-
pathogenic serotypes was at 1ts height, we had the occasion to
question the wvalidity of this concept. At that . time, we were
much worried abhout our faillure to 1isolate Vibrio cholerae from
the stools o©f many of the cases admitted and treated as
cholera - which vielded pure cultures of FEscherichia coli.. We
had Jjust devised the rakblt 1leal _oop technique for V. chol-
erae. We chose t©o 1introduce 20 strains of £, c¢olili 1solated
from 2720 such cases of non-cholerai¢ diarrhoea Into the ligated
loop, i1n the form of overnight <c¢ulture in Dunham’'s peptone
water medium of pH 8.4. We alsc included a second group of 20
strains from apparently nhealthy persons suffering from diar-
rhoea off and on, a taird group of 20 strains from absolutely
healthy persons and a fourth group of three sexctypes 0-26,
B60, H~TIJ; 0-55, B39, H®7, O0-ITI, B58, H2 received from
Collinda.e, which had Dbeen isclated from cases of 1infantile
gastroenteritis. The results are shown in Table I. We raised
OB antisera 1in rabbits against the three serotypes and acainst
two of our loop positaive lecal strains, and examined how the
sixty three strains react with the five antisera. The results
are shown in Table 2. We concluded from our observations that
serotype may not be the last word on the enteropathogenicilty
of a strain of Escherichia coli. Cholera enterotoxin was yet
to be boxn, 1t was not even concelved and the guestion of
toxigenicity of the coliform strains was Dbeyond 1magination at
that time. |

OCur observations were scon confirmed by Taylor an¢ her c¢ol-
leagues and by McNaught and Roberts who found that serotypes
from actual cases o¢f diarrhoea usually gave a positive reac-
tion while the same serotypes obtained from btealthy persons or
from water sourcg$ gave a negative reaction.

The position &f the serotypes appears to have been further
Jjeopardised by the works o¢f Sack and his collaboratcrs and of
others. It has been amply demonstrated that many strains o¢f E.
coll isolated from adult and infantile cases of diarrhoea pro-
duce enterotoxin but with an occasicnal excepticn, they do not
come under <the category of recognised serotypes. The entero-
toxigenic strains are limited to about 10 nonclassical
O-groups with 24 H-groups.

The positive rolke of such toxigenic strains has been con-
firmed throughout thé world. In the Far East, strains of E.
coli from. 12 outbreaks of enteritis 1in Tokyo have been studied
by Zen-Yoji and colleagues and have been related *o three non-
classical serotypes preoducing either ST or ST and LT. Reports
of such . enteritis have come from the Far West in Mexico 1in
indilgenous population and in travellers. In the Far South,
isolation of enterotoxigenic coliform organisms has been re-
ported from cases of summer diarrhoea in Pretoria children. In.
the North, what Vibrio cholerae could not do even after the
seventh pandemic, enterotoxic c¢ommensals have done 1t. They
have fouched the shores of the Baltic sea and traveller’s di-
arrohcea due to such organisms has been reported from Sweden.

Yet, even 1n more recent times at some place$, .there has
been a preponderance of nontoxigenic c¢lassical 'serotypes:
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(Table 3) over noaclassical tcoxigenic strain.

The ability of enteropathogenic serolypes to cause diar-
rhoea particularly 1n childrer, has 1n earlier vyears been
confirmed by result of f=eding experiments on bables and

adilts and of rise of haemagglutinaticn titre against tTne 1n-
criminated strain. It must be agreed 1In the light of modern
observations that a c¢lassical serotype 1s aet necessarily pa-

thogenic, ©but regarding thcse nentoxigenic stralns which are
stiil being isolated in large onumbers In some places, the fun-
damental question 1s - are they responsible for the disease

and if so, by what mechanism they are causing L1t.

et us first ask ourselves 1f the procedures leading to de-
tecticr of enterotoxin have been beyond criticism. The most
important point to remember in thls connection, 1s that the
stabllity of the ent’ plasmid is most urpredictable. The ne-
cessity c¢f testing the strains as dulckly as possible after
isolation cannot be overemphasized. While some workers have
done it, others have colleczced the strains and tested them
after a wvariable pericd of preservation _uncger different condi-
ticns (Fig. 1).

The cultivation of the «crganisms for production o©I entero-
toxin In vitro nas also varied widely. D_Zferent media have
been employved by different workers — different volumes in
flasks or tubes with or witicut shakinc have been vused - with
no  regard to surface-volume ratio. The temperature and period
of incubation have varied and starxting pH has remalned un-
specified. This last factor may be 1impertant as we found in
ocur early work that pathogenic F. coii swel.s fthe rabbit loop
when grown in ©peptone water o¢r broth medium of pH 8.4 and
fails tc do s¢ at pH 7.4.

Individual freedom of choice 1is 1understandable, as there Iis
o0 standardized methed of enterotoxin prcduction in vitro. Tt
is important to work it out. Even the Synca?ﬁg medium in which
strain 569B of Vibric cholerae ¢gives the maximum vield of en-
terotoxin, falled to stimulate production of any active fil-
trate with strains NIH 35 and 41 in the hands of Finkelstein
and cclleagues. We do not depend upon enterotoxin production
for detecton of V. cholerae entercpathy bkut for <che other
enteropathies due to the commensals, this is wvery wvital.

As long as no standardized method 1s available, it may be
werthwhile to do rakbit loop test with overnight culture of
the strains 1in peptone water mediun of pH 8.4. The results
will show within the 1limits of animal experimentation, whether
the strain 1s enteropathogenic or not. If rpositive, entero-
Loxin may be locked fer in the filtrate from the loop fluid.
By this procedure, pathogenic strains which may fail to pro-
duce enterotoxin in wvitro, wmay vyield it in vivo. When we first
encountered strains of eltor biotype of V. cholerae, they were
found tec produce no enterctoxin in 5 p.c. bactopeotone in
which cholera enterotoxin was first discovered. The strains
when introduced intc rabbit loops gave positive reaction, and
sterile filtrates from the positive 1loop conzents swelled the
rabblt loop.

We have solely depended upon random select_en of a variable
number of colonies for detection of enterotoxin. A
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supplementary procedure may be To look for enterotoxin 1n  the
steol filtrate. Evidence of toxicity was detected in 60-70
p.c. ¢f cases of chclera »ny testing only o¢one specimen o©f stool
by FEudper & Phillips, by Craig and by ocurselves. It may be
worthwnile Lo test at least three 6 1aourly specimens. This
procedure may S$pot, at least sore c¢ases which may be missed by
testing enterotoxin production 1in vicro ftrom & few random
colonies from the steol. It will also prove at the same zTinme
thatt the toxin 1s being actually liperated in vivo 1n the
patlent’s intestine.

When a classical serotype 1s isocolated frem a case of diar-
rhoea, its significance may be assessed from the resu_-ts of
the investigations summarised 1in Tab.e 4.

Chairman ang friends, before I conclude, I wish to make a
few personal remarks. I have been dead since the early 1960s,
I have been exhumed ky the Nobel Symposiun Committee and these
two days with vycocu make me feel that I am coming to life again.

1 aiscentinued my work on cholera entercoteoxin as scon as 1
felt that w-th <:the limited resources and technology at my dis-
posal, 1t would ke impossible for me to pursce it further as I
desirea. I have been ¢glad to find that other workers - many of
whom are nere to-day, have stepped into the field which we
were fortunace to open and have a1nvested thelr untiring ef-
forts, wunflinchiIng devotion and unlimited resources 1in men,
morney and advanced technology. I am sure the continued efforts
all the workers arcurd the world will open a new chapter in
tha Anna.s of Medicine and will contribute towards The prog-
ress anc good of humanity.
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A PAGE FROM S. N. DE'S LABORATORY NOTEBOOK (1979)
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