
Special Article 

Towards a Better Oral Rehydration Fluid 

B.S. Ramakrishna 

Department of Gastrointestinal Sciences, Christian Medical College and Hospital, Vellore, Tamil Nadu 

Abstract. Improvements in characteristics of solutions used for oral rehydration therapy, to provide significant reductions 
in amount and duration of diarrhea, are expected to contribute to wider use of these fluids. Recent studies suggest 
that these may come about from reducing the osmolality of the solution, and by providing short chain fatty acids for 
better fluid absorption from the colon. This article briefly reviews the physiology of intestinal and colonic absorption 
in diarrhea, and indicates the further studies that are needed to translate the above advances into universal practice 
for the treatment of diarrhea. [Indian J Pediatr 2001 ; 68 (1) : 41- 43] 
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Diarrheal illness continues to cause considerable 
morbidity and mortali ty in children in developing 
countries. Worldwide statistics reportedly indicate that 
mortality from diarrheal disease in children under the 
age of five has now reduced to 1.8 million per year 
compared to over 3 million per year a decade ago? This 
reduction in mortality has been attributed to the proper 
management of dehydration through the use of oral 
rehydration solution (ORS). 

Oral rehydration therapy was one of the important 
medical advances of the twentieth century, in terms of 
its simplicity and scope to save lives. 2 Nonetheless, 
global usage of ORS has been considerably lower than 
expected. Several reasons underlie this disappointing 
rate of ORS usage in the community .  Intravenous 
rehydrat ion may be preferred because of its ease, 
particularly in developed countries. 3 The perception 
of ORS as a "non-drug" has also led to inadequate 
prescription and usage? The basis of the use of ORS is 
that the enterotoxins causing diarrhea do not impair 
sodium absorption linked to specific substrates (i.e. 
glucose and amino acids). Although it enhances fluid 
absorption from the secreting intestine, the glucose-based 
ORS promoted by the WHO and UNICEF does not 
reduce intestinal secretion or diarrhea. 2 Thus it is very 
effective in reducing mortality from diarrhea, but does 
not reduce the symptoms of diarrhea, i.e. water loss in 
stool or duration of diarrhea. In fact, diarrhea may 
paradoxically increase during therapy with glucose- 
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ORS. 2'5 This was one of the factors responsible for poor 
usage of ORS, especially by previous users. 2 It was also 
the reason for clinical and basic scientists to search for 
improved formulations of ORS that would ameliorate 
the severity of diarrhea. 

During the last twenty years, numerous studies were 
undertaken to develop an improved ORS that could, in 
addition to being effective therapy to treat and prevent 
dehydration, reduce severity and duration of diarrhea. 
Amino acid substrates (glycine, alanine, and glutamine) 
were included in ORS to replace or supplement the effect 
of glucose, but did not show any advantage compared to 
~ - I O  ORS. 6 Glutamine, of particular interest because of 
its role in providing energy to intestinal epithelial cells 
and its effects on immunity, was effective in reducing 
small intestinal secretion in experimental models of 
diarrhea, but clinical trials in children with non-cholera 
diarrhea did not show any advantage compared with 
glucose-ORS. 7 Maltodextrins and cereal-based ORS were 
introduced in an attempt to change the carbohydrate 
substrate in ORS. Maltodextrin-ORS did not show any 
advantage compared to WHO ORS. 6 Analysis of clinical 
trials with rice-ORS indicated while it significantly 
reduced stool output in cholera, compared to WHO ORS, 
it was not effective in non-cholera diarrhea in children, 
particularly when early refeeding was instituted? The 
effect of rice-ORS was attr ibuted largely to hypo- 
osmolari ty of the solution, al though other factors 
including a possible anti-secretory factor found in rice 
could contribute to its effect in cholera? In a multicenter 
evaluation, hypo-osmolar ORS decreased stool output 
by 39%, ORS intake by 18% and duration of diarrhea by 
22% compared  to standard-ORS in children with 
diarrhea? There is general consensus now that hypo- 

Indian Journal of Pediatrics, 2001; 68 (1) : 41 



B.S. Ramakrishna 

osmolar ORS is preferable in diarrhea in chi ldren 
(usually of non-cholera origin), and that early refeeding 
is equally important in management. 1~ The goal of oral 
rehydration is to achieve reduction in mortality using a 
single rehydration fluid, which would be applicable in 
all clinical situations. In areas where cholera is prevalent, 
the use of hypo-osmolar ORS in the community may 
lead to potentially dangerous hyponatremia in a minority 
of pat ients  wi th  cholera and high purg ing  rates. 
However, studies indicate that hyponatremia in adult 
cholera patients was usually symptom-free n. 

All these above interventions were targeted at small 
intestinal fluid absorption. While it is true that the small 
bowel has the capacity to absorb up to 22 liters of fluid 
per day, this capacity is impaired in diarrheal disease. 
The colon absorbs about 1.5 liters of water per day in 
health. However when stressed, as in diarrhea, the colon 
can absorb up to 6 liters of water per day. This reserve 
capacity of the colon to absorb fluid is of tremendous 
impor tance  in diarrheal  disease, where  it acts to 
minimize fecal fluid losses. 12 The absorptive capacity of 
the colon is also impaired by the effect of enterotoxins, ~3 
and interventions specifically targeted at enhancing 
colonic absorpt ion may  therefore  limit diarrhea.  
Fermentation of unabsorbed dietary carbohydrate by 
anerobic bacteria in the colon results in the production 
of the short chain fatty acids (SCFA) acetate, propionate 
and butyrate. SCFA are the primary stool anion with 
concentrations ranging from 100-130 mEq/1. SCFA 
significantly increase sodium and water absorption from 
the normal colon, as well as the secreting colon since 
SCFA-linked Na absorption is not inhibited by cyclic 
AMP. TM In addition, SCFA may inhibit active chloride 
and fluid secret ion in the colon. ~5 Colonic SCFA 
concentrations are reduced in acute diarrhea possibly 
because of reduced substrate secondary to dietary 
restrictions. I6 Stool from patients with cholera retains the 
ability to ferment starch to SCFA in vitro. 17 Providing 
SCFA to the colon, in the form of carbohydrate substrate 
for fermentation, was therefore likely to help restore the 
reserve capacity of the colon for fluid absorption, and 
potentially help in limiting severity and duration of 
diarrhea. This supposition was recently tested in adults 
with cholera, in whom the addition of amylase-resistant 
starch to s tandard  therapy  significantly reduced  
diarrheal fluid loss and diarrhea duration28 Amylase- 
resistant starch escapes digestion in the small intestine, 
and enters the colon where it is rapidly broken down to 
SCFA by the colonic bacteria. ~9 A number  of other 
carbohydrates, which are not digested in the small 
intestine but can be rapidly fermented in the colon, can 
also be used to increase colonic SCFA. 

While there is evidence for a beneficial role for SCFA 
in human cholera, there is also experimental evidence to 

suggest that SCFA and colonic conservation of fluid may 
accelerate recovery from non-cholera diarrhea. Studies in 
pigs with transmissible gastroenteritis virus (rotavirus) 
infection demonstrated that diarrhea developed only in 
y o u n g  animals  lacking the capaci ty  to f e rmen t  
carbohydrate to SCFA in the colon. Mature animals, in 
whom the capadty to ferment carbohydrate was present, 
did not develop diarrhea even though there was small 
intestinal fluid secretion after infection with the virus? ~ 
Experiments in intact rats have shown that recovery 
from osmotic diarrhea is accelerated by substrates such 
as gum arabic or modified tapioca starch, which are 
potential sources for colonic fermentation. 21 Similarly, 
enteral feeding induced colonic secretion and diarrhea, 
which was reversed by the presence of SCFA in the 
colon. 22 

Al though  dehydra t ing  d ia r rhoea  cont inues  to 
account for the majority of diarrheal deaths under the 
age of one year, persistent diarrhea, lasting longer than 
two weeks, is associated with mortali ty in children 
between the ages of one and five years. Vitamin A and 
zinc, nutrients essential for intestinal epithelial function, 
are lost during any diarrheal illness, 23,24 and depletion 
continues with more prolonged illness. This may in turn 
contribute to impaired intestinal mucosal function and 
persistence of diarrhea. 25 It is possible therefore that 
interventions aimed at reducing duration of diarrheal 
illness may also reduce the incidence of persistent 
diarrhea and malnutrition, and thus further reduce 
mortality. Al though oral rehydra t ion  therapy has 
achieved substantial acceptance, the search continues for 
a better oral rehydration fluid that will substantially 
reduce stool output, while being safe and acceptable in 
diarrhea of diverse etiologies. Currently, clinical trials 
are ongoing to determine the role of colonic substrates in 
the treatment of non-cholera diarrhea in children. If these 
studies show a significant advantage over the existing 
therapy, this could provide an oral rehydration fluid that 
would be more acceptable to physicians and parents 
alike. These new treatments must, however, be integrated 
in an overall approach that also emphasizes attention to 
the nutritional management of these children. 
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