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Abstract: 
Introduction: Diarrhoea remains a disease of global health concern. Less 
is known about the functional effects of tuber-based oral rehydration 
solution (ORS) in diarrhoea pathophysiology. 
Aims: This study was designed to investigate the effects of tuber-based 
ORS on intestinal alkaline phosphatase (IAP) activity and serum albumin 
concentration in diarrhoeic animals. 
Materials and Methods: Forty Wistar rats were randomly divided into six 
groups (n=6). Group A received food and water only; Group B was induced 
with osmotic diarrhoea; Group C, D, E and F received standard World 
Health Organization (WHO)-ORS, Colocasia esculenta-ORS, Pachyrhizus 
erosus-ORS, and Ipomoea batatas-ORS respectively, after diarrhoea 
induction. After the experimental period, the animals were sacrificed, and 
IAP activity was evaluated using spectrophotometry. Blood collected was 
assessed for serum albumin concentration. Sections of the small intestine 
were subjected to histopathological examination. 
Results: Diarrhoeic animals administered tuber-based ORS had higher 
IAP activities, compared to animals treated with WHO-ORS (P=.05). All 
animals induced with osmotic diarrhoea had decreased levels of serum 
albumin (regardless of ORS treatment), which did not vary significantly 
compared to the control (P=.05). Micrographs of small intestinal tissues 
revealed that untreated diarrhoeic animals had depleted Brunner's gland 
and cellular components, while animals administered with WHO-ORS and 
tuber-based ORS showed improved intestinal mucosa features, similar to 
the control. 
Conclusion: The results revealed that tuber-based ORS had a higher 
enhancing effect on IAP activity than WHO-ORS. Tuber-based ORS and 
WHO ORS showed the potential to repair intestinal mucosa damage and 
restore normal serum albumin concentration in animals with diarrhoea.  
 Keywords: Diarrhoea, oral rehydration solution, Ipomoea batatas, 
Colocasia esculenta and Pachyrhizus erosus.
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1. INTRODUCTION  

 

Diarrhoea is characterized by an abrupt discharge of 
abnormally watery stools at a frequency of more than 
two times per day [1]. Diarrhoea is transmitted by 
infectious organisms, such as viruses, bacteria, 
protozoa, and helminths through fecal-oral routes [2, 3]. 
Non-infectious etiologies of diarrhea include food 
poisoning, lactose intolerance, intestinal inflammatory 
and autoimmune conditions (Chron's disease, 
ulcerative colitis, celiac disease) and adverse effects of 
antibiotics as well as some cancer and HIV medications 
[4, 5]. Diarrhoea can be classified from a clinical 
perspective as acute watery diarrhoea (lasts for several 
hours to few days), acute bloody diarrhea (referred to 
as dysentery) and persistent diarrhea (lasts for 14 days 
or more) [6]. From a pathophysiological viewpoint, 
diarrhoeal disease may occur from 
malabsorption/maldigestion of osmotically active 
substrates with subsequent passage of fat in the stool 
(osmotic mechanism) or aberrantly high secretion 
and/or diminished absorption of fluid and electrolyte in 
the small bowel lumen (secretory mechanism) [7, 8].  

Although diarrhea is preventable and treatable, it 
remains a disease of global health concern. The burden 
of diarrhoea is higher in developing countries, especially 
for children under five years [9]. In 2016, diarrhea 
resulted in an estimated 446,000 deaths worldwide, 
among children under the age of 5 [10]. The prevalence 
of diarrhoea in developing countries is associated with 
environmental and socio-economic factors, such as 
unsanitary fecal waste disposal, inadequate access to 
clean water, poor housing and overcrowding, and 
cohabitation with domestic animals that may harbor 
human pathogens [11-13]. 

Diarrhoea may result in marked alteration in the 
architecture as well as composition of enzymes and 
microbiota of the intestinal mucosa [14]. Intestinal 
alkaline phosphatase (IAP), a resident enzyme of the 
brush-border that catalyzes the hydrolyses of 
monophosphate ester, belongs to the family of Alkaline 
Phosphatase (AP) which are ubiquitously distributed in 
human tissues [15].  In addition to the vital role IAP 
plays in gut mucosal defense against pathogens, they 
are also required for the maintenance of intestinal 
homeostasis [16]. IAP is expressed exclusively in villus-
associated enterocyte and considered an excellent 
biomarker for assessing intestinal epithelial damage in 
diarrhoeic condition [16, 17].  

The prevention and treatment of diarrhoea has evolved 
over the years, since the approval of oral rehydration 
therapy (ORT) by the world health organization (WHO) 
in 1978 [18, 19]. ORT is a simple fluid replacement 
treatment for dehydration associated with diarrhea 
resulting from any etiology (including cholera) in all age 
groups around the world [20]. Standard oral rehydration 
solution (ORS) is a glucose electrolyte solution (GES) 
with osmolarity of 311 mmol/l [21, 22].  

ORS has significantly reduced the number of deaths.  

caused by diarrhea globally [23, 24]. Despite the 
therapeutic and cost benefits of ORS, several studies 
established that they are less effective in reducing 
purging and duration of diarrhea illness [19].  

ORS has undergone several modifications to improve 
their safety and effectiveness in diarrhea management, 
including reduced osmolarity formulations lower than 
the standard ORS [25]. ORS modifications have also 
extended to the incorporation of common food such as 
cereals (rice, wheat, maize, millet) and legumes [18]. 
Food-based ORS are better substitutes to standard 
ORS due to their accessibility, affordability, 
effectiveness, and higher nutritional benefits [18]. 
Starch in staples (such as rice, wheat, and millet) used 
as ORS is slowly degraded to glucose in the presence 
of amylase, which is abundant in the small intestine, 
including during diarrhoea. The resulting glucose 
released is involved in the co-transport of sodium and 
water across the intestinal epithelium, thereby 
circumventing the problem of increased osmolarity that 
may result when the concentration of glucose is further 
increased from the use of ORS≥310 [26]. Rice-ORS 
was reported to improve water and sodium absorption, 
reduce stool volumes, and provide shorter duration of 
diarrheal illness than standard glucose ORS in a rat 
model of osmotic diarrhoea [27]. Another study 
demonstrated that children receiving ORS prepared 
from cereals (maize, millet, wheat, sorghum, or rice) 
had substantially reduced stool outputs compared to 
those that were administered standard glucose ORS 
[28]. However, less is known about the functional effects 
of tuber-based oral ORS in diarrhoea pathophysiology 
despite their common use as traditional remedies for 
diarrhoea in many tropical and subtropical countries [29, 
30]. Traditionally, the edible tuberous roots of plants 
including Ipomea batatas [31], Colocasia esculenta 
[32], and Pachyrhizus erosus [33]—commonly known 
as potato, cocoyam, and yam bean, respectively—have 
been used as remedies for diarrhoea.  The aim of this 
study is to investigate the effect of ORS derived from 
tubers, including Ipomea batatas, Colocasia esculenta, 
and Pachyrhizus erosus on the activity of IAP and thus 
evaluate their potential to repair intestinal mucosa 
damage. 

 

2. MATERIAL AND METHODS 
 
2.1. Chemicals and Reagents 

All reagents used for this study were of analytical grade. 
Glucose, sodium chloride, formalin, D-mannitol, and 
sodium hydrogencarbonate were obtained from the 
Department of Biochemistry, Lagos State University, 
Lagos, Nigeria. Alkaline phosphatase kit was acquired 
from Randox Laboratories Limited (Great Britain). 

2.2. Collection and Authentication of Plant 
Materials  

Ipomea batatas, Colocasia esculenta, and Pachyrhizus 
erosus tubers were obtained from Iyana-Iba market, 
Ojo, Lagos, Nigeria and authenticated at the Herbarium 
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of the Department of Botany, Lagos State University, 
Lagos, Nigeria. 

2.3. Experimental Animals 

Forty (40) weaning Wistar rats were obtained from the 
Lagos University Teaching Hospital (LUTH), Idi-Araba, 
Lagos, Nigeria. The rats were randomly grouped and 
placed in plastic cages, allowed to acclimatize for two 
weeks, and given free access to food and water for the 
entire period of the experiment. 

2.4. Preparation of ORS 

This was performed according to the procedure 

described by Vettorazzi et al; [34] with few 

modifications. 200 g portion of sweet potato, cocoyam, 

and jicama each were properly washed and cooked 

separately in 1000 ml of water for 30 min, dried for 

several days to remove all moisture present and then 

ground to powder. Afterward, 100 g of the respective 

sweet potato, cocoyam and jicama powder were used 

in place of glucose in standard ORS (comprising of the 

following in mmol/L: sodium, 90; chloride, 80; 

potassium, 20; glucose, 111; and a base, such as citrate 

tribasic or bicarbonate, 30) [35].  The powder was boiled 

in 1000 ml of water for 10 min and stirred continuously. 

The solution was brought to room temperature and then 

300 ml of orange juice, 2.5 g of baking powder and 1.75 

g of cooking salt respectively were added to provide the 

ions, chloride bicarbonate, sodium, and potassium. The 

resulting solution was allowed to cool and stored in a 

refrigerator. 

2.5. Induction and Treatment of Diarrhoea  

Following two weeks of acclimatization period, rats 

weighing between 150 g and 200 g were separated into 

six groups (n=6); the remaining 4 rats weighed below 

120 g and were excluded. Group A (control) received 

food and water only; Group B was induced with osmotic 

diarrhoea and left untreated; Group C, D, E and F 

received WHO-, Colocasia esculenta -, Pachyrhizus 

erosus- and Ipomea batatas-ORS respectively, 

following osmotic diarrhoea induction. Osmotic 

diarrhoea was induced according to the procedure 

described by Elemo and Akinwande [36]. Briefly, 

animals were given doses of 5 ml/100 g body weight of 

20% solution of D-mannitol daily between 9 am and 10 

am for three days using an oral canular. Diarrhoea 

manifestation was ascertained in rats when they 

produced watery, soft, yellowish stools differing from the 

normal, pliable, soft, well-formed pellets as previously 

described by Boakye et al; [37]. Other signs that were 

monitored include the rate of food consumption, body 

weight, ruffled fur, hunched back and hair loss. Animals 

that showed no symptoms of diarrhoea were 

immunocompromised by oral administration of 

erythromycin (25 mg/kg body weight daily) for two days, 

and then administered double the initial dose of D-

mannitol (5 ml/100 g body weight of 40% solution of D-

mannitol).  

 

2.6. Preparation of Mucosa Homogenates 

At the end of the experimental period, the animals were 
weighed and sacrificed under ketamine anesthesia. 
Thereafter, the small intestine was immediately 
harvested and then homogenized. The nuclei and large 
cell fragments were removed by centrifugation at low 
speed, while the supernatant was placed in labelled 
Eppendorf tubes and stored in a refrigerator.  

2.7. Histology 

Sections of the small intestine (duodenum, ileum, and 
ileum) were excised and preserved in 10% formol-
saline. The already fixed tissues in 10% formol-saline, 
after whole body perfusions, were transferred to a 
graded series of ethanol. They were placed in 70% and 
90% alcohol for 1 hour respectively, and then 
transferred to three changes of absolute alcohol for 
another 1 hour each. The tissues were then cleared in 
xylene. Once cleared, the tissues were infiltrated in 
molten paraffin wax in the oven at 58°C. Two changes 
of molten paraffin wax at one-hour interval were made, 
after which the tissues were embedded in wax and 
blocked out. Prior to embedding, it was ensured that the 
mounted sections to be cut by the rotary microtome 
were oriented perpendicular to the long axes of the 
tissues. These sections were designated 'vertical 
sections'. Serial sections of 5 μm thick were obtained 
from a solid block of tissue; the sections were then 
floated out on warm water bath, picked by a clean slide 
which Mayer's egg albumin had been coated to cement 
the sections to the slides properly. Afterwards, they 
were passed through a mixture of equal concentration 
of xylene and alcohol and subsequently stained with 
hematoxylin and eosin following clearance in xylene. 
The sections were dried between 35°C and 40°C. The 
slides were viewed under a research microscope 
connected to a computer monitor for qualitative and 
quantitative evaluation. 

2.8. Biochemical Analysis  

2.8.1. Determination of Total Protein 

Serum total protein was estimated by the Biuret method 

according to Doumas et al; [38], using Randox reagent 

kits. 

2.8.2. Alkaline Phosphatase Activity  

Alkaline phosphatase activity was assayed according to 
the method described in the Randox kit. Alkaline 
phosphatase activity was expressed as the amount of 
substrate (P-nitrophenylphosphate) in units per liter 
(U/l) hydrolyzed to p-nitrophenol and phosphate. 
Absorbance of samples were measured at 405 nm and 
37°C using a spectrophotometer.  

2.9. Statistical Analyses 

Data were analyzed using GraphPad Prism. Values 
were expressed as mean ± standard error of mean 
(SEM). Variations within groups were assessed using 
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one way analysis of Variance (ANOVA) and Tukey’s 
honest significant difference post hoc test. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Intestinal alkaline phosphatase activity 

The result of intestinal alkaline phosphatase activity in 

the control and treatment groups is presented in Fig. 1. 

Diarrhoea induction resulted in 46% decrease in IAP 

activity (Group B), compared to the control. However, 

animals that received WHO-ORS (Group C) and tuber-

based ORS (Group D, E and F) had elevated IAP 

activity, compared to the control. The highest increase 

(48%) in IAP activity was observed in animals that were 

administered Ipomoea batatas-ORS (Group F). All 

changes recorded in the treatment groups were 

statistically not different from the control group 

(P=.05). 
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Figure 1: Intestinal alkaline phosphatase activity in 
experimental animals. Groups with the same 
superscript do not vary significantly at P=.05. Group A 
(control) received food and water only; Group B was 
induced with osmotic diarrhoea and left untreated; 
Group C, D, E and F received WHO-, Colocasia 
esculenta -, Pachyrhizus erosus- and Ipomea batatas-
ORS respectively. 

3.2. Serum albumin concentration  

The concentration of serum albumin in experimental 

animals is shown in Fig. 2. All animal groups that were 

induced with diarrhoea had reduced serum albumin 

concentrations irrespective of WHO-ORS or tuber-

based ORS treatment. The variations in serum albumin 

concentration among the experimental groups were not 

statistically significant compared to the control (p=.05).  
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 Figure 2: Serum albumin concentration in experiment 

animals. Groups with the same superscript do not vary 

significantly at P=.05.  

3.3 Mean body weights of  experimental animals 

Figure 3 shows the effects of diarrhoea induction and 

oral rehydration therapy on mean body weights of 

animals during the experimental 3period. The body 

weights of animals that were induced with diarrhoea and 

left untreated (Group B) fluctuated during the entire 

period but showed a marked decrease after 3 days of 

diarrhoea induction, compared to the control. However, 

animals in other groups (Group C, D, E and F) exhibited 

an increase in body weights from the first to third day of 

ORS treatment, compared to the control. Animals 

administered Colocasia esculenta-ORS showed the 

highest increase in body weight after the last day of 

treatment. 
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Figure 3: Effects of diarrhoea induction and Oral 

Rehydration Therapy on mean body weights of animals 

during the experimental period. Group A (control) 
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received food and water only; Group B was induced with 

osmotic diarrhoea and left untreated; Group C, D, E and 

F received WHO-, Colocasia esculenta -, Pachyrhizus 

erosus- and Ipomea batatas-ORS respectively. 

3.4 Histographs of intestinal tissue sections of 

experimental rats 

Group A: normal tissue pattern with well-preserved villi 

and sub-mucosal gland of Brunner were observed in the 

duodenum. Well-kept villi were also seen in the 

Jejunum. Ileum had well preserved villi, intact layers, 

normal cyto-architecture, and many Payer's patches are 

visible; Group B: duodenum showed disrupted cells in 

some villi and fewer submucosal glands. Jejunum 

possessed good villi with some cell loss; Group C: 

duodenum/duodenum-Jejunum (DJ) junction appeared 

well-kept with thick brush border and numerous 

Brunner's gland. Villi and mucosal cell are adequately 

preserved in some parts of jejunum with cryptic glands 

showing normal cellularity and architecture. Ileum had 

poor cellularity in villi, but a few Payer's patches are 

seen which appeared dislodged in position probably by 

processing; Group D:  duodenum/DJ junction had 

normal appearances. Ileum displayed normal features, 

though villi are sectioned transversely. In the jejunum, 

villi showed considerable loss of cells along their 

borders in wide areas, while muscle layers appeared 

intact. Group E: duodenum appeared with shattered 

cells in some villi and shredded cells in the lumen. The 

presence of normal tissue architecture and villi as well 

as intact gland cells were observed at the DJ junction. 

In the Jejunum, many villi were denuded in significant 

features of mucosal cell and epithelial cell atrophy; 

Group F: duodenum appeared largely intact with a few 

areas of cell loss in the villi.  Ileum had shattered villi in 

many areas with massive cell loss but possessed 

normal tissue architecture in muscle layers. Jejunum 

showed good tissue architecture with only minor cell 

loss seen in some villi. 

 Duodenum                 Ileum                    Jejunum 

 
Group A 

  

Group B 

 
Group C 

Group D 

Group  E 

 
Group F 

Figure 4: Micrographs of the small intestinal tissue 
sections (duodenum, Ileum and Jejunum) of 
experimental rats. Group A (control) received food and 
water only; Group B was induced with osmotic 
diarrhoea and left untreated; Group C, D, E and F 
received WHO-, Colocasia esculenta -, Pachyrhizus 
erosus- and Ipomea batatas-ORS respectively. 
 
 
DISCUSSION 
 
The use of staple food as ORS in the treatment of 

diarrhoea can offer numerous advantages, ranging from 

affordability to widespread accessibility [39]. Tubers, 

including sweet potato and cocoyam are among the 

most commonly consumed staples worldwide, 

especially in sub-Saharan Africa [40]. Yam bean, 

however, is a legume mainly cultivated for its large 

tuberous root. It has been reported to be underutilized 

globally, despite its suitability for wider food uses due to 

the paucity of information on its physicochemical, 

functional, nutritional, and rheological properties [41].  

Results from this study showed that diarrhoeic animals 

administered tuber-based ORS had higher IAP 

concentrations compared to animals treated with WHO-

ORS (Fig.1), suggesting that the tuber-based ORS 

possess a greater capacity to restore normal intestinal 

physiology following diarrhoea disease, compared to 

the WHO-ORS. Numerous studies have reported the 

efficacy of cereal- (including rice, maize, wheat, 

sorghum, and millet) as well as legume-(mainly bean 

(lentil)) derived ORS in diarrhoea treatment [26, 28, 41, 
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42]. Depleted IAP concentration (as observed in 

animals induced with diarrhoea but left untreated) is 

associated with increased intestinal pathophysiology 

[15]. Moreover, among all the animals that received 

tuber-based ORS, those administered sweet potato-

ORS had the most elevated level of IAP. Sweet potato 

has an ample store of phytochemical compounds such 

as carotenoids, tocopherols, phenolic compounds, 

tannins, flavonoids, saponins, and anthocyanins, which 

have been reported to possess antioxidant, anti-

inflammatory and bowel regulatory properties [43]. The 

presence of these phytoconstituents in sweet potato 

could be responsible for its most pronounced elevating 

effect on IAP, compared to the other tubers. 

All animals induced with osmotic diarrhoea had reduced 

levels of serum albumin, compared to the control, which 

did not vary significantly (Fig. 2). This is in correlation 

with the study of Brinson and Kolts [44] that 

demonstrated a relationship between reduced serum 

albumin and diarrhoea. Similarly, Emejuo et al; [45] 

reported that decreased serum albumin level is linked 

with gastrointestinal disease. However, animals 

administered sweet potato ORS had their serum 

albumin level decrease only slightly compared to the 

control, thereby suggesting that sweet potato have the 

highest capacity to protect against rapid reduction in 

serum albumin levels that may accompany diarrhoea. 

This could be as a result of the broader range of 

micronutrients inherent in sweet potato, including 

manganese, copper, potassium, iron, vitamin B 

complex, vitamin C, vitamin E, and carotenoids, which 

may have promoted the metabolism of protein [43].  

Assessment of body weights revealed that animals that 

were induced with diarrhoea and left untreated had a 

marked reduction in their body weights after about a 

week, compared to all other groups of animals (Fig.3). 

This suggests that ORS could play vital roles in the 

rejuvenation of muscle mass, prevention of rapid body 

fluid loss, replacement of volume lost in stools, and 

restoration of normal metabolic activities in animals with 

diarrhoea disease [28]. EMurugaiah et al; [18] 

demonstrated that food-based ORS reduced the 

duration and volume of purging and promoted early 

diarrhoea recovery. Moreover, Greenough [46] reported 

that cereal-based ORS produced significant reductions 

in stool volumes, compared to glucose-based ORS. In 

contrast, the study of Meyers et al; [47] showed that 

cereal-based ORS did not offer significant advantage 

over glucose-based ORS in relation to the effects on 

stool volume and duration as well as weight gain. 

Micrographs of small intestinal sections (duodenum, 

ileum, and jejunum) of experimental animals are shown 

in Fig.4. Diarrhoeic animals that received no treatment 

(Group B) had depleted Brunner's gland and cellular 

components which are suggestive of intestinal damage 

[48] while animals administered with WHO-ORS and 

tuber-based ORS after diarrhoea induction had 

improved intestinal mucosa features, similar to the 

control. The improvement in the intestinal 

histoarchitecture of animals that received tuber-based 

ORS, compared to animals induced with diarrhoea 

without ORS treatment revealed that tuber-based ORS 

has the potential to repair intestinal mucosa damage 

and restore normal intestinal cellularity. 

 
4. CONCLUSION 
 
The results revealed that tuber-based ORS had a higher 

enhancing effect on IAP activity than WHO-ORS. 

Tuber-based ORS and WHO-ORS showed the potential 

to repair intestinal mucosa damage and restore normal 

serum albumin concentration in animals with diarrhoea. 

There is a need to further investigate the nutritional and 

physiochemical properties responsible for the activity of 

the tuber-derived ORS in restoring normal gut 

homeostasis and repairing intestinal mucosa damage 

that accompany diarrhoea. 
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