CONSENT FORM

EFFECT OF CHARCOAL;-GMI ON. CHOLERA

The Cholera Hospital is trying a new medicine ro
reduce the amount of diarrhoea in-cholera. We would like
you to participate in a study to find out whether this
medicine that removes the cholera poison from your intestine
will reduce your diarrhoea. You will receive either the
new medicine or the same medicine without the part that
binds the cholera poison. Except for this medicine you
will be treated in the best and safest way possible. You
will have tests done on your blood to insure that vour
treatment is adequate. ‘

) If you do not wish to be a part of this study you will
$till receive care for your cholera, as is required. You
are also free to leave the study at any time should you
wish to do so.

Investigator s signature
Date
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SECTION 1 - RESEARCH PROTOCOL

Title: Clinical Trial of Chawvceal Giiy
Ganglioside in Chelera and
E. Coli enterotoxin Piarrhea.

Principal Investigators: V.B. Greenough, 111 and a

Clinical Research Centre Phvsiclan
Jan Holmgren

Lars Svennerholn

Starting Date: o September 1978

Completion Date: December 1978

Total Direct Cost: - § 10,500

Abstract Summary: Mono Sialosylgﬁnglioside.(GMl} firmly

Binds cholera toxin neutralising its toxic -properties.
This ganglioside can be attached to finely divided
charcoal thus forming a non absorbable matrix for the
toxin receptors. Using this material and a control
preparation of charcoal without ganglioside patients
with cholera will be treated with material sufficient

to bind all toxin produced by V.Cholerae in their intes-
tinal tract. If toxin produced inthe gut lumen is
important in increasing the fluid loss we anticipate
that patients receiving charcoal GM will have a milder .
course that those recelving charcoai alone or simply
ordinary fluid replacement. Should this prove to be

the case charcoal GM, will be used prophylactically in

a selected populatio% which is at high risk fto contract
cholera. If the only toxin important to the pathogenesis
of cholera is that produced by vibrios closely attached
to the mucosal cells then the charcoal GM approach will
not have appreciable effect. This inform%tiqn in itself
would be important to know. ‘Should the charcoal (M, be
effective in cholera similar studies would be done in
enterotoxigenic E.Coli diarrhea.
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SECTION IT - RESEARCH PLAN

~A.  INTRODUCTION

1. Objectives:

a) To evaluate the ability of charcoal -~ Gyp {({G-Guyr)
" to bind V. cholerae and E. coli enterotoxins

and to reduce duration of secretion and total
stool output in clinical cases.

b) T1f£ this study gives promising results, to
evaluate the prophylactic value of C-Gyp against
cholera in high risk population (family contacts
of index cases).

2. Background: At present there has been no practical
advantage taken in human cholera of the wealth of
information about the binding of cholera toxin or
its mode of action. One of the vulnerable points
that can prevent the action of toxin on the intcstine
is at its binding site. 1In nature or experimentally
toxin can be prevented from reaching its intestinal
receptor by antitoxic antibodies, Gyy ganglioside,
or by prior blocking of the receptor by the binding
subunits of the toxins. The present protocol
proposes an innovative approach to the practical
application of knowledge of receptors to prevent
or modify disease in humans.

There is now very strong evidence that the
monosialosylganglioside Gyp 1s the membrane
receptor to which cholera toxin must bind before
it can induce intestinal secretion and diarvhoen
(1-3). Thus, it has been shown that 1) Gy speciticniiy
binds and inactivates cholera toxin in ecquinolar
proportions. (4,5); 2} a direct corvelation exists
between the cellular Gyy content and the number of
toxin receptors in intestinal cells of various specic:
(6,8); 3) chemical modifications of cholera toxin
affect hinding to cells and to isolated Gugp to the
same extent (9); 4) incorporation of exogenons (g
into the membrane of target cells increases the
number of binding receptors as well as the hiologic
responsiveness to toxin (3,6); and 5) binding of
cholera toxin to cell membranes specifically prevents
the Gyy from being oxidized by galactose oxidase (31.



Tt has been shown that experimental cholera,
induced by either live cholera vibrios or preformed
cholera exterotoxin in ligated intestinal loops
rabbits, can be completely prevented by the simultaneons
presence in the perorally administered Gyg qnglloqtdo
could be practically useful by (a) prophylautlcdllv
preventing development of cholera and (b} reducing the
duration and volume of diarrhoea in cholera cases by
blocking any further delivery of toxin to the intestinal
cells. On the other hand it is not possible to remove,
either by Gy; nor by other means, the toxin which
has alreddv éound to the intestine. However, #as
mentioned above, gangliosides can became incorporated
in the plasma membrane of mammalian cells (LO,&6,3}.

In the case of Gyy this results in generation of
additional rCCeptorq for cheolera toxin, which increases
the susceptibility of the intestine to experimental
cholera. To avoid the paradoxical situation that under
certain conditions the administered Gy; way render the
intestine more rather than less sensitive to cholera
toxin it is important to prevent this memhrane incorpora-
tion of the ganglioside. The safest means to achilcve
this is by coupling the ganglioside via its ceramide
portion to a solid matrix.

In recent vears it has become apparent that acute
diarrhoeal diseases other than cholera are often alsco
produced by enterotoxigenic bacteria. Thus, certain
strains of E. coli produce one or hoth of two different
enterotoxins, one being lahile (LT) and the other stable
(ST} on heating. Such bacteria are a common causec of
diarrhoea in many countries and are probably responsible
for the majority of diarrhoeal illness among international
travellers. E. coli LT is structurally related to
cholera toxin as shown by immunological meLhodJ. 1t also
binds to ganglioside Gyp, and in experimental animals
CW can prevent LT from causing any intestinal fluild output

1 13). This gives hope that matrix- coupled Gy might
be prophylactically effective against E. colil LT-induced
diarrhoea in man also. -

SPECIFIC AlN

1. To dcter”lnq,‘;' wr : i Gy ganglioside
will decofs e swe®ity of fuman cholera.



Rationale:

it is not known whether the toxin elaborvated
by V.cholerae swimming freely in the gut lumen 18
important or trivial in the pathogenesis of cholera.
With GM] ganglioside bound to charcoal all toxin within
the lumen of the intestine can be neutralized. If this
free toxin is an important mediator of fluid loss it
is expected that the specific toxin absorbant (charcoal
GMy ganglioside) will decrease the rate and duration
of diarrhea.

This knowledge thus has both practical as well as
theorétical implications.

SPECIFIC AIMS:

1. To determine whether charcoal bound GM; ganglioside
will decrease the severity of human cholera.
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2. To sce whether cholewa can be prevented hy
charcoal-bound Gy ganglioside.

METHODS OF :PRCCEDURE:

Preparation of charcoal-coupled Gyy-ganglioside

Calf brains are homogenised with phosphate
buffer and the brain lipid is extracted with chlorofors -
methanol 1/2 by volume. The 1ipid extrvact is freed
from the brain residue by filtration through fuller
earth. To the lipid extract is added water to give
a final ratio of chloroform-methanol water 1/3/1.4,
by volume. After wmixing two solvent phases will occur,
The gangliosides, partitioned in the upper methanol~
water phase, are isolatcd from the extract by the
passage. through a strong cation exchange resin in
hydrogen form and then attached to a celumn with
Spherosil-DEAE-dextran in acetate form.

The gangliosides are eluted from the Spherosil
column with 0.5 M potassium acetate in ethanol. Affer
dilution the extract with water the gangliosides are
absorbed to charcoal W3SL under continuous agitation -
the amount of charcoal is determined from the desired
concentration of ganglioside coupled to the chavcoal.

Higher gangliosides are converted to (yp-ganglioside

by suspending the charcoal with absorbed gangliosides
in 0.2 M formic acid and heating. The ~charcoal-

Gyy is collected by centrifugation, rinsed with
potassium hydrogen carbonate and dried at room tempera-
ture on a heated drum.

Control assay on the charcoal-coupled Gyr_ganglioside

A portion of the gangliosides attached to the
charcoal can be extracted by hoiling with chloroform-
methanol water 60/30/534.5, by volume. Approx. 50%
of the ganglicsides will be released from the charcoal
by extraction, but the released lipids are a represen-
tative sample of the gangliosides and derivatives
absorbed to the charcoal. Their percentage composition
is determined by thin-layer chromatography and scanning
of the developed fractions. This test is a control
on the hydrolysis of higher gangliosides to Gyy-
ganglioside, and that no measurable amounts of Other
substances than ganglioside Gyp and its derivatives

" are coupled to the charcoal.
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The activity of the charcoal-G,,, preparations dare
controlled by toxin neutrulization assays. The
neutralization of an exact amount of chelera toxin 1is
determined for each batch by comparison with standavd
series of charcoal-Gyy ganglioside with defined concentrs-
tions. .(For details, sece under the next section;.

The release of gangiliosides from the charcoal has
been tested with a large number of solvents and chamicals.
These assays have heen pgrformed with lahelled Gy -
ganglioside and the concentratjon of gangliosids
has varied between 10 to 0.1 umole Gyqg/g charcoal.

Less than 5% Gy gangiioside was removad by water with

a large number of differcent electrolytes, amino acids,
sugars and proteins in varying concentrationsg, further
with ethanol or ethanol water mixtures at 37, methunol,
propanol and acetone. Less than 3% Gyj ganglioside wus
eluted from the charcoal by human gastric and duodenal
juices and human duodenal mucosa. It has not been possihle
to determine whether gall hladder bile or various bile
salts in concentration of 5SmM or higher will release

more than 5% of Gyy ganglioside since the bile salts

will remove finec tﬁarcoal particles attached te the
standard sized charcoal particles and these fine particler
are trapped in the bile salt wmicelles and cannot he

removed for an assay of the Gy released from the chavcoal.

Ability of C-Gyp to bind cholerva toxin

The ability of C-Gyy preparations to [ix cholera
toxin was evaluated in vitro experiments. Lvophilized
crude toxin (NIH, preparation 001l after diaiysis against
distilled water for 48 h) was disseolved in a glycin-NaCl
buffer, pH 7.5 to a concentration of 30 mg/ml., heing
equivalent to 37.5 ug/ml pure toxin. Te 50-200 ul or
this toxin was added an equal volume of C-Gy. for for
control purposes unlabelled charceal) suspended in the
same buffer to various densities. The mixture was
incubated on a roller drum at 239C for 1 h, the C-Gy,
or unlabellcd charcoal scdimented by centrifugation and
the supernatant analysed for remaining unhound toximn by
means of single radial immupodiffusion according to
Mancini using & toxin-specific antiserum. The results have
shown that whereas the unlabelled charcoal under these
conditions bind negligible amounts of toxin, the Gyy
preparations bind toxin in amounts directly provorrional
to the coupled Gy over a wide range until sterical
hindrance begins to reduce the ratio (10 umol Gyev /&
charcoal). At 5 Umol Gyy/g c¢harcoal 1 g of C-Cyp Fixes
approximately 5 mg cholera toxin, i.e. about 1 ug

tokin/umole bound Gyy.  In vivo protection against
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experimental cholera has heen tested in rabbits, in
which 20-25 small bowel loops were ligated. Into the
loops were injected 1 ml of either live cholera vibrios
(569B) or crude cholera toxin in graded does mixed
shortly prior to injection’ with 0.1 ml of C-Gyy,
unlabelled charcoal or buffer only. Fluid accumulation
was registered 18 h after charcoal tested in l-5 mg/loop
gave only little (2-fold) increased resistance to toxin
challenge and no protein at all against live vibrie
challenge, C-Gyp provided very significant protection
against both types of experimental cholera.

Thus it can be seen in the table at e.g. 5 umol Gy
per g charcoal the in vivo protection obtained against’
toxin challenge closely matched the previously mentioned
in vitro binidng capacity of the (-Gyy preparation,

i.é. about 5 mg toxin was .bound and thereby inactivated
per g C-Gyr- Using 5 mg of this C-Gy preparation per
loop the protective factor was about lo-fold against toxin
and live vibrios. The better protection against toxin
is probably explained both by the fact that there was an
incubation of toxin with C-Gyp prior to the injection

into the loops .and by a presumed mucus penetration and
epithelial adherence of a fraction of the vibrios, which
should make their released toxin inaccessible ta C-Gyy-
However, the data suggest than the later fraction, at
least as studied in rabbit ligated loops, was relatively
small ana show that continuous binding of luminal toxin is
of prime importance for protection against live vibrio
challange in this model.

Subjects

Adult male patients presenting to the Treatment
Centre of CRL, Dacca who are moderately to severely
dehydrated and dark field positive for V. cholerae will
_be admitted to the Clinical Research Centre.  Hydration
will be accomplished according to the degree of dehydvation
then maintenance provided to match stool losses. This
- will be done by the intravenous route. Patients will

receive charcoal, charcoalﬂG.I ganglioside or charcoal
alone according to a table o¥ random numbers. Venous
blood will be.drawn for specific gravity and eleéctrolytes
at admission, four hours, 24 hours and discharge. Intake
and output will be measured every eight hours. All other
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care will be according to the clinical indications. No
antibiotics will be used. The dose of charcoal would
be calculated as follows:

Total gut volume 2 liters C-Gyr/mg/mi live vibrio
challange give 20 fold protective margin. Thus one gram
per liter gut volume would be estimated to give a large
margin of protection. The C-Gyp, will be given over
every hour in 1 gram dose to insure a constant nrotective
level during the period of rapid transit time., When
the stool volume decreases below 50 ml/kg/24 hours the
dose will be decreased to 1 gram every 4 hours. It 1=
estimated that if there is a large differvence between
groups a total of 15 patients would be nseded in each
category or a total of 45 individuals, 1I{ a definite cifect
is seen on the course of cholera then the study wouid

be extended~to E. coli Qiarrhaea seiecting patients of a
similar degree of illmess who are dark field negative.
If no cholera patients are available at the time of-

the study then the E. coli patients may be taken first
The design of any prophylactic use of the charcoal-G,.
ganglioside will awai analysis of the clinical studigé.
The approach would be select an index case with cholera;
then go to the household and administer the charcoal-

G ganglioside suspension to close contacts observing
t%é secondary rYoutes. '

In the prophylactic studies the charcoal matrix
with or without ganglioside would be given every 4-6 hours
to insure that a substantial amount of binding material
would always be present in the gut.

Risks to Subjects

Charcoal’ is a remedy that is in standard use in medical
practice to diminish gas in the intestine. Cyy ganglioside \\
is a normal component of our foods. There would seem to be
no risk involved in this study to human subjects. NO
measurements will be made that arc not a part of ‘good
medical care. Since. Tetracycline will not he given however,
there will be prolongation of diarrhoea in some instances.

The patients will be informed of this as well as the natuve
of the medicine to be used. :



SIGNIFICANCE:

Therc are two major points of significance to this
study.

1. At a theoretical lecvel the questiondoes toXin
generated in the gut lumen produce a significant
component of the illness?' Can be answered
unequivocally.

2. Can a toxin binding manuever alter the course ot
cholera? Since the ingredients are cheap chavcoal
and animal brain such an approach might reduce
diarrhoea sufficiently to allow more patients to
be treated by oral electrolvte replacement,
reducing costly or unavailable intrvavenous fluid
requirements.

FACILITIES REQUIRED:

1. Office space for the principle Investigator and
guest investigator.

2. Laboratory space for toxin testing may be desirable
although most of this work will be done in Sweden.

3. Hospital Resources. Patients will vemain in the
hospital or average of 4 days. Estimating 50
patients in each study there will be 200 paticnt
days for the cholera and 200 for the E. coli study.
The staff of the study ward will be needed for the
measurements to be made and care of the patients.

4. Then space will be needed if a preventive study
is carried out.

5. A field worker will be needed if a preventive study
is done.

COLLABORATIVE ARRANGEMENTS:

This study will be done in collaboration with the
Department of Bacteriology, University of Goteborg, Sweden.
Dr. Jan Holmgren will be in Dacca as as a guest
investigator during the time of this study.
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SECTION T1I . BUDGET
A DETATLED BUDGET

PERSONNEL SERVICES

Name ‘Position % of Effort  Anoual Taka Dollars
. - or number of Salary
days
Dr. W.B. Greenough TII Investigator 10, 50,780 - 5078
Dr. Jan Holmgren Investigator .10 No cost to CRL
Dr. I. Loannoth Investigator 10 No cost te (RL
Res. Physician 15 33,060 4,960

4,960 5,078

SUPPLIES AND MATERTALS

items : unit Cost Amount Required

Charcoal and charcoal GMI
ganglioside to be supplied by Dr. J. Holmgren
No cost to CRL

' For toxin titren in Y. adrenal cells
100 tests Tk, 7.50/test 750,00

EQUIPMENT ‘ None

PATLENT HOSPITALIZATION

400 patient days : Tk. 150.00 60,000

OUTPATIENT CARE ' : Nome

CRL TRANSPORT:

Mileage - Dacca: g . ' None

(éupplemental budget will be prepared 1f field study sector is to be
implementated .
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TRAVEL AND TRANSPORFATION OF PERSONS:

Local Travel

International Travel

i roundtrip ticket Sweden to Dacca for

Dr. Holmgren

TRANSPORTATION OF THINGS: No CRL Cost

Import of supplies from Sweden

RENT, COMMUNICATIONS & UTILITIES

PRINTING AND REPRODUCTION:

Publication cost reprints §/or page cost in jourpal

OTHER CONTRACTUAL SERVICES:

CONSTRUCTION, RENOVATION & ALTERATIONS

None

$ 740

None

None
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11,

12.

Category

Personnel

Supplies

Equipment
Hospitalization
Qutpatients

CRL Transport

Travel Persons
Transportation Things
Rent/Communication
Printing/Reﬁroduction
Contractual Service

Construction

Conversion Rate § 1.00 = TX.

. RUDGET SURILARY

{Sept.

178 thru Dec. '78)

Taka

4,960

750

60, 000

Total 65,710

Total § 10,500

15.00

Dollar

5,078

740

300

6,118



Tab[g

Toxin chéilenge

Exp. Live vibrio challenc:

EDSDa PFb ED50 —6 Pr
(ug pure toxin) (x 10 7}

A.

Charcoal

1 mg/loop - 0.46 3.0

C-GMY 25 nmol/mg

1 mg/loop 10.5 23 30 1

B.

Charcoal

2.5 mg/toop 0.45 CNT

C-GM1 10 nmol/mg

2.5 mg/loop 16.5 37 NT

C.

Charcoal

5 mg/loop (.60 4.0

C-GMT 5 nmol/mg

5 mg/loop 25.0 42 75 19

@Toxin dose required for half-maximal Fluid accumulation: determined wit:

crude toxin and value translated into purified toxin based upon single

radial 1mmun0diffusion comparisons.

bProtection factor'estimated as the ratio between E050 for C-GM7 and
ED50 for unlabelled charcoal.



Abstract Summary

A clinical trial will be done with 40 patients having watery
diarrhea darkfield positive for V.cholerae to determine whethear
Charcoal-bound CGMT monosialosyl ganglioside will decrease tne
amount and/or duration of diarrhea.

This action is based on the known avid binding of chclera toxin
by this ganglioside. Patients will be admitted to the Clinicel
Research Unit in Dacca. History and physical examinestion wii
be done and intravenous treatment given as indicated by degreo
of dehydration and stool losses.

<
-
L
-
<

Careful observation of intake and output will be done 2»nd blioodn
drawn to determine the progress of treatment. Patients will
receive either charcoal’ or charcoal with ganglioside atfacheo
according to a table of random numbers. The investigators will
not know which preparation is being given to which patiunzs.

1. Subjects will be uncomplicated adult males.

2. Informed consent will be obtained but since no information
of a sensitive nature is to be taken no specinl prscaution
will be taken tc protect privacy other than thact normally
observed for CRL medical records.

3. There will be no known risks to the subjects and potential
benefits in this study. Charcoal is a standard medicine £
flatulence and ganglioside a component of a normal diet
which includes meat. °

o

4, The patients will receive more intensive care and rhierva-
tion than is usual. This would be expected to Le of
potential benefit.

v



