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Abstract Summary

Glucose-linked enhanced sodium and water absorption from the

small intestinal 1lumen remains largely intact during acute

diarrhoea of diverse aetiology and forms the scientific basis of

oral rehydration therapy (ORT). Subsegquently, ORT has been

developed as a powerful intervention for the treatment of

dehydration due to acute diarrhoea, an invaluable public health

tool, and an essential component of primary health care. The oratl

rehydration salts solution (ORS) recommended by WHO contains
glucose (20 g) and three salts—sodium chloride (3.5 g), trisodium

citrate,dihydrate (2.9 g) or sodium hydrogen carbonate (2.5 g),
and potassium chloride (1.5 g}, to be mixed in one litre of

water, This solution has been used in the treatment of acute

diarrhoeal illness for over a decade.

Studies have showh that almost all water soluble organic
molecules can enhance the absorption of sodium from the small
intestine. Examples are D-hexoses, neutral amino acids,
dipeptides 'and tripeptides of neutral amino acids and some water
soluble vitamins. It has been hypothesised that optimum
exploitation of this phenomenon could Tead to the development of
an improved ORS formulation that would not only successfully
replace the deficit of salts and water in diarrhoea, but also
actively 1induce the reabsorption of endogenous intestinat
secretion and thus reduce the volume and duration of diarrhoea.
The proposed study intends to examine the net absorption of an
ORS containing salts and selected organic solutes in rat and
rabbit intestine. The type and combination of organic solutes
will be varied to optimise absorption. Candidate organic solutes
will dinclude glucose, 1-~alanine, glutamine, and peptides of
alanine and glutamine. Polyethylene glycol (Mol. wt. 4,000) will
be used as a non-absorbable marker. The outcome measures wil)
include the maghitude of net absorption of salts and water.
Results may be useful in further improvement of the absorption
efficiency of ORS formulations.



SECTION II : RESEARCH PLAN
|

A. INTRODUCTION

. Objectives and specific aims

Jbiectives

Absorption promoting oral rehydration solution (ORS) could lead
to the development of an improved formulation of ORS. Such an ORS
formulation would successfully replace the deficit of salts and
water 1in diarrhoea, induce the reabsorption of endogenous
intestinal secretion, and thus reduce the volume and duration of
diarrhoea. The reduced severity and duration of diarrhoea will
also make it possible to introduce early a liberal and more
effective feeding regime. Therefore, the nutritional benefit
. would be another potential advantage of the intended improved:
! formulation of ORS.

A few organic hutrients likely to be of value in  improving
absorption efficiency of oral rehydration solution will be
evaluated, in an in _vivo study in. animals e.d. rabbits and rats
using ligated small intestinal loops. The compottents will include
neutral amino' acids 1ike 1-alanine, l-glutamine, and their
peptides and will be compared with glucose. The results of the
study will be used to predict a likely formulation, which will
be more absorption efficient than the solution containing
glucose. Such formulation can then be evaluated in human
subjects with diarrhoea. y

recific aims

Study of the absorption of water and sodium from a solution
containing:

1. 1-alanine compared to glucose eletrolyte solution;
2. 1-glutamine compared to glucose electrolyte solution;

3. combination of alanine and glutamine compared to
glucose electrolyte solution; N

4. combination of glucose and alanine combared to glucose
electrolyte solution; and .

5. dipeptides of glucose and é]anine compared to glucose
electrolyte solution.



Background

stimulation of sodium absorption across the small intestinal
mucosa by g1vcose was looked at. by physiologists (Schultz and
Zalusky 1964'; Barry et al 19865 ). In _vivo studies in normal
human intestine defined the guantitative retationships of g1uco§e
1inked enhanced sodium and water absorption (Mg1awer et al 19657 ;

Levinson and Sched] 19664; Fordtran et al 19687}.

During the phase of active purging 1in adult cholera

patients, fluid and electrolyte losses were adequately replaced by
optimally constituted oral §1ectro1%te sokytiohs containing

glucgse (Pierce et a1‘H%FB a-, 1968 b 1969%; Hirschhorn et al

19687 ; Nalin et al 1968 ) Radioactive tracer studies in cholera

patients also showed that glucose (2 g/100 ml) -induces net

absorption ?f sodium and water from the small intestine (Taylor

et al 1g68'7). :

The introduction of oral glucose electrolyte solutions for the
treatment of dehydration due to acute diarrhoeas has been a major

therapeutic advance of this century.. The initial success of

oral rehydration therapy (ORT) in adult cholera patients was

tested by its vigorous application in treating diarrhoeal disease

of diverse aetiology, 1inh various age groups of infants and

children. ORT emerged as a powerful therapeutic tool with the

ability to correct dehydration due to acute diarrhoea in all but

the most severe cases, and in all ages irrespective of

aetiological agents (Mahalanabis 198412).

One major area of interest and scientific controversy 1is the
substrate or carrier molecule used in ORS., Sucrose, which in
many countries, is a less expensive and more easily obtained
sugar than glucose, has proved a possible substitute for g1uco§8.
However, a marker perfusion study in rat (Patra et al 1982 )
showed that an isosmotic sucrose containing electro]yte solution
induces a signhificantly greater Na ', c1” and K absorption compared
to glucose electrolyte solution. And the water absorption
decreases by 14% due to the osmotic drag of water back into the
lumen by the slowly absorbed fructose from the hydrolysis of
sucrose.

Use of moldsses with common salts simplified ORS with a minimum
loss of efficacy. ORS forqw}ations containing 30-50g cooked rice
powder (Molla et al 1982""; Patra et al 1982 ) in place of
glucose was found to be effective. cereal-based ORS has beenh shown
to be effective, acceptable, and even superijor to standard glucose
CRS jg raeducing the durargon and severity oﬁnpiarrhoea (Patra et al
1982'7; Molla et al 1989 °; Molla et al 1985°-).



-In 1984, encouraged by results from several clinical trials, the

diarrhoeal disease control programme of the World Health

Organisation began supporting research projects on developing

improved oral rehydration sotution formu]atiqns (Wworld Health
Organisation. Sixth programme report 1986—19871 ). Their aim 1is

to compare the standard WHO ORS with other formulations that h?ye

the same concentration of salts but may be more effective ('').
There are two types of alternative formulation. One type contains

glucose or a glucose polymer aanan aminoacid or peptide, or

both, in varying concentrations ( )y: this approach was stimulated
by studjss in children (Patra et al 198418) and adults (Nalin et

al 1970'7) that used formulations containing glucose and glycine.

In the other type of formulation glucose is replaced by a staple

food (cereals,legumes,or roots )} as a source of starch and

protien: this approach was based on studies that showed that a

rehydration solution containing 50 or 809 of rice powder per

litre in place of _glucose can reduce gtool volume substantially

(Patra et al 1982'%; Molla et al 1985 <V).

Ooral rehydration solution containing 1-atanine was considerably
better than standard oral rehydration solution at reducing the
severity of symptoms and the need for fluid of male patients with
diarrhoea associated with Vibri81 cholera and enterotoxigenic
Escherichia Coli (Patra et al 1989° 7).

Therefore, the proposed study -intends to examine the net
absorption of an ORS containing salts and organic solutes
{glucose, l1-alanine, 1-glutamine, and peptides of alanine and
glutamine) in rat and rabbit intestine.

3. Rationale

The review of theoretical and practical issues surrounding the
choice of carrier substances used in ORS suggests that further
improvement in the current formulation of ORS for acute
diarrhoeal illness is needed. An attempt to increase the efficacy
of ORS is therefore necessary. As stated earlier, oral
rehydration solution containing 1-alanine was considerably be%?er
than standard oral rehydration solution (Patra et al 1989 ).
An improved ORS formulation will successfully replace the deficit
of salts and water in diarrhoea and will induce the reabsorption
of endogenous intestinal secretion, thus reducing the volume and
duration of diarrhoea. Such formulation would also offer
nutritional benefits and simplicity of management.



B. METHODS

New Zealand white rabbits raised in laboratory environment (av. wt.
1.5 kg) and normal male albino rats (av. wt. 175 g) will be used
for the study. :

A ligated static lcop (10-12 cm long) of small intestine will be
constructed after opening the abdomen with a midline incision.
The 1loop which includes jejunum, and ileum will be used
to observe net absorption of a solution containing salts and
selected organic solutes. Polyethylene glycol (mol. wt. 4,000)
will be used as a mon-absorbable marker. After injection of the
solution the animal will be kept under observation for a
specified interval.

After removal of the fluid, the fluid will be analysed for
PEG, sodium, potassium, chloride and vemolality and compared with
an aligquote of the solution before injection and the net
absorption of ORS will be calculated.

The detai]ea procedures are given below.

1. Construction of the loops

. Weight of the rabbit/rat will be taken.In case of rabbit after
starvation of 48 hours (with free access to water), anaesthesia
will be performed with intravenous pentobarbital sodium (3.25 mg/kg).
Midline incision will be given to perform laparotomy; during the
experiment body temperature will be maintained by using a lamp.
Gently pulled small intestine from the abdominal cavity will be
washed with the wash solution (NaCl 120 mmol/1,KC1 4 mmol/1), at a
temperature of 37°c. Then the static loops and the interloops
will be constructed from the distal to the proximal part
(excluding 10-15 cm distal ileum) which include ileum and jejunum.

In case of rat after 24 hours fast (with free access to water),
anaesthesia will be performed with intraperitoneal sodium
pentobarbital (40 mg/kg), static loops and interloops will be
constructed from the proximal to the distal part of the intestine
which include jejunum and ileum,



2. Injection of the solution

The test solutions will be injected from the distal to the
proximal part of the intestine at+a temperfture of_37°C. The
solution will contain mmol/1 Na 120, K" 4, cC1 124 and
PEG (mol. wt. 4,000) 2 g/1. In addition to it the solution will
contain 50 mmol/1 of selected organic solutes. The intestine will
" bei returned to the peritoneal cavity and abdomen will be closed.
The animal will be kept under observation for specified intervals.

3. Removal of the solution

After the observation period the animal will be

anaesthetised and the peritoneal cavity will be opened. The
solution from each Toop will be removed by syringe and the amount
of solution will be recorded for each loop. The solutions will be
collected in separate containers for estimation of PEG, sodium,
potassium, chloride and osmolality. Finally the anhimal will be
sacrificed and the intestinal loops will be removed. After
stripping the excess mese%tery, length of EBe loops will be

. ) .

measured (Patra et al 19821 i Morin et al 1978

. Estimation of polyethylene ylycol

Turbidimetric analysis of polyethylene glycol will be done on the
development of an oil in—wateﬁ emulsion when exposed to
tric?%oroacetic acid in the presence of barium ijon (Hyden
1955°Y). The optical densities of the standards and the samples
will be run against the blank, using a SP8-400 uv/vis
spectrophotometer (PYE UNICAM} set at a wavelength of 500nm. A
standard curve will be constructed and the unknown samples will be
read from the graph. !

. Measurements of electrolytes
N + + - . ™

a, kK and C1 will be measured by ISE (Beckman system E4A'")}
Electrolyte analyser. The system E4A determines sodium, potassium
and chloride by measuring electrolyte ions in solution. For
sodium, potassium and chloride this is accomplished by using ion-
selective electrodes for each of these jons.

Measurement of osmolality
Osmolality of the samples will be measured by freezing point
depression‘using an advanced TM osmometer.



7. Calculations .
|
Net transport of water and electrolytes and sugars will be
calculated from the changes in-the PEG‘concEntration and the
solute concentration (Levinson ahd Schedl 19667).

Calculations will be performed ih the following way:

1. PEG ratio (PEG R)

[PEG;]1/[PEGE])
I ané F refers to initial and final
concentrations o

2. H,0 absorption, % 100(1-PEG R)

H,0 absorption,%
3. H,0 absorption, mi/hr = -=---- R X amount of solution
‘ 100 injected

4. Nat(or x¥) absorption, ymotes/hr N :
= [Na"; -(Na' g X PEG R}] X amount
of solution injected

5. C1~ ahsorption, ymoles/hr = [CT—I—(C1“F X PEG R)] X amount of
' solution injected

B. Data aﬁa]ysis

Electrolyte absorption mediated by different organic solutes will
be compared
by t test for independent samples
and ' i
by its nonparametric equivalent
{Mannwhitney ) test)

Significance of the difference will be assessed {PC.0B).

C. SIGNIFICANCE OF THE WORK

Reduction of the volume and duration of the diarrhoea by using an
improved ORS formulation will greatly simplify the management of
dehydration due to acute diarrhoea. This study will examine the
net intestinal absorption of different improved ORS formulations
and eventually lead to the development of an optimum absorption
promoting ORS.



Results of this study will improve our knowledge on the ability
of a few potentially important organic hutrients 1in stimulating
absorption of salts and water under in _vivo conditions in
suitable animal models. These information will be of use in

designing and formulating absorption efficient oral rehydration

solution which can then be tested in human subjects.

rd

FACILITIES REQUIRED AND COLLABORATIVE ARRANGEMENTS
, i
ICDDR,B shall provide all the laboratory facilities required for
the estimation of PEG, measurement of electrolytes and
osmolality. The animal resources branch of ICDDR,8 will be
utilised for the study in animal models.

This is a collaborative study between Department of Pharmacy,

University of Dhaka and ICDDR,B. The PI is an M,Phil student of

bhaka University and shall carry out the study at ICDDR,B under
the direct supervision of Dr.Dilip Mahalanabis. The study report

will eventually be partial fulfilment of the requirement for her

M.Phil degree.



SECTION III: BUDGET
t. Personnel services

" Name Time required Honorar1um/8a?ary P.A
| uUS$

Dr.D.Mahalanabis 5% | _

Proféssor A.K.Azad Chowdhury 5% | -

Mr. M.A. Wahe& 5% _

Dr. A.S.M.Hamidur Rahman 5% : _

Research Fellow (PI) 100% 1600

Anima1 Technician 5% _

Animal Attendent _ 5%

Sub-total: 1600
2. Supplies and materials

a. Disposable syringe, Needle,
Glassware etc. 200

b. Chemicals and reagents and
laboratory tests

PEG 1035
Electrolyte and osmolality 3315
c. Animals
Rabbits $ 19.80X50 = 990
Rats ) $ 1.76X50 = 88
Animal maintenance 100
d. Computer analysis and data entry 500
3. Transport and cenveyance ' 200
4. Overhead, contingency and
stationary 400
Grand total US$ 8,428
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BUDGET SUMMARY

1 year project reqguirement

USs
Salary 1600
supplies and materials ‘ 6228
Other cost ) 600
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