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Background: Diarrhea is a common health problem worldwide, especially in developing
countries. It is the second leading cause of mortality for children. Uncaria gambir Roxb.
extract has been used to treat diarrhea and dysentery, and as an astringent medicine, in Asian
countries. Here, we investigated the antidiarrheal effect of DLBS1Y62, which is the bioac-
tive fraction of dried sap extract from U. gambir, using castor oil-induced diarrhea and castor
oil-induced enteropooling in rats.

Methods: DLBS1Y62 was obtained by crushing and milling the dried sap extract of
U. gambir leaves. Male Wistar rats, 2-3 months old, weighing 200-250 g (n=30), were
used for this study. Negative controls received 0.05 mL purified water. Positive controls were
treated with 2 mg/kg BW loperamide orally as a suspension. Groups I, 11, and III received
6.25, 12.5, and 25 mg/kg BW DLBS1Y62, respectively. Group IV received a combination of
6.25 mg/kg BW DLBS1Y62 and 20 mg/kg BW attapulgite. Diarrheal onset and frequency
were observed; then, the weight and volume of intestinal contents were measured.

Results: DLBS1Y62 at all dose levels and in combination with attapulgite could inhibit the
formation of further fecal forms of diarrhea, without delaying the onset of diarrhea. The rats
that received DLBS1Y62 25 mg/kg BW had the lowest frequency of diarrhea and average
intestinal contents compared with the treatment and negative control groups. DLBS1Y62 at
a dose of 25 mg/kg BW also gave similar results to 2 mg/kg BW loperamide as a positive
control in reducing diarrheal frequency and intestinal content.

Conclusion: The results of this study suggest that DLBS1Y62, particularly at a dose of
25 mg/kg BW, containing tannin as a compound, may become an alternative treatment for
diarrhea.
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Introduction
Diarrhea is a common illness worldwide and it is the second leading cause of mortality
among children under 5 years old." WHO and Unicef have stated that there are about
two billion cases of diarrheal disease worldwide every year and 1.9 million children die
from diarrhea each year, mostly in developing countries.? In Indonesia, diarrhea is the
third leading cause of child death.® Excessive loss of fluid in diarrhea causes dehydra-
tion, which leads to death in a short time, especially in children.*

Diarrhea is the frequent passage of liquid feces (three times in a 24-hour period)
and it is characterized by increased gastrointestinal motility and secretion.’

Excessive loss of fluid in diarrhea is associated with an imbalance between the
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absorptive and secretory mechanisms of water and electro-
lytes in the intestinal tract, accompanied by hypermotility.®
This imbalance is possibly caused by an overstimulation of
bacterial enterotoxins and inflammation, leading to the
releases of prostaglandins in the intestinal mucosa.’
Besides bacterial infection, diarrhea can be caused by
and food
poisoning.” More than 700 drugs, including laxatives,

drugs, psychological factors, allergies,®
have been implicated in causing diarrhea.'® Castor oil is
a stimulant laxative agent that could be used for inducing
a diarrhea model."!

First line management of diarrhea for children under 5
years old comprises continued feeding, increased fluids,
and supplemental zinc for 10-14 days to prevent dehydra-
tion. In addition, the WHO guideline recommends that
children experiencing non-severe dehydration should
receive oral rehydration therapy with oral rehydration
solution in a health facility. For bloody diarrhea or severe
dehydration in cases of suspected cholera, the guideline
suggests antimicrobials.'* A study showed that inappropri-
ate practices in the management of childhood diarrhea
were prevalent; these included the curtailment of
fluids and breastfeeding, food restriction, and the use of
inappropriate medication, which can result in a higher risk
of mortality or prolongation of the diarrhea condition.'?

Some studies have researched the traditional use of anti-
diarrheal medicinal plants by investigating the biological
activity of extracts of such plants, which contain phytochem-
icals (such as alkaloids, tannins, flavonoids, and terpenes)
that are thought to be responsible for the antidiarrheal
activity.'"* Uncaria gambir Roxb. (Gambier) is a member
of the Rubiaceae family which contains diverse and complex
secondary metabolites, and particularly alkaloids and
tannins.'> Uncaria gambir extract has been used for the
treatment of diarrhea and dysentery, and as an astringent
medicine, in Asian countries.'® In this study, we evaluate
the antidiarrheal effect of the dried sap extract of U. gambir
Roxb., named DLBS1Y62, on castor oil-induced diarrhea

and castor oil-induced enteropooling in Wistar rats.

Materials and Methods

Materials

The leaves of U. gambir Roxb. were collected from Padang,
West Sumatera, Indonesia. The leaves were boiled with
water and pressed to collect the sap. The sap was molded
into certain shapes (cylinders or blocks) and dried for about
1 week. The dried sap extract was crushed and milled in

Dexa Laboratories of Biomolecular Sciences to obtain
DLBS1Y62 (batch no. RL1607010). Other materials were
castor oil (lot no. BCBR1629V; Sigma Aldrich, MO, USA),
xylazine (batch no. 07063241 PKC; Interchemie Werken,
Castenray, Netherlands), ketamine 10% (batch no. 16D131;
Kepro BV, Deventer, Netherlands), ethanol 20% (batch
no. 14B187; AST Farma BV, Oudewater, Netherlands),
loperamide (Imodium®; Indonesia), and attapulgite (New
Diatabs™; Indonesia).

Animals

Male Wistar rats, 2-3 months old, weighing 200-250
g (n=30), were used for this study. The animals were
housed individually in polypropylene cages under standard
conditions (12 hours light/dark cycle, temperature at 22+2°
C, and humidity 60+10%) and acclimatized for 7 days
prior to the study. Dry food pellets (Laboratory Rodent
Diet 5001; minimum 23% protein, minimum 4.5% fat, and
maximum 6% fiber) and water were provided ad libitum.

Ethical Approval

All procedures in this experiment have been reviewed and
approved by the Institutional Animal Care and Use
Committee, Dexa Laboratories of Biomolecular Sciences,
with protocol no. DIS-DLBS-PROC-020. The guidelines
followed by the committee are the Institutional Animal
Care and Use Committee Guidebook, 2nd Edition
(ARENA OLAW, 2002); Guide for the Care and Use of
Laboratory Animals, 8th Edition (National Research
Council (US) Committee, 2011); and Guidelines for the
Euthanasia of Animals (AVMA, 2013).

Methods
Castor Oil-Induced Diarrhea
The experiment was carried out according to the methods of
Girard et al (2005)'” and Sharma et al (2012).'® Animals
were divided into six groups, each consisting of five rats, and
were fasted for 4 hours before treatment, with free access to
water. Negative controls received 0.05 mL purified water.
Positive controls were treated with 2 mg/kg BW loperamide
orally as a suspension. Groups I, II, and III received 6.25,
12.5, and 25 mg/kg BW DLBS1Y62, respectively. Group [V
received a combination of 6.25 mg/kg BW DLBS1Y62 and
20 mg/kg BW attapulgite. Treatments were administered
orally as suspensions.

After 1 hour of treatments, diarrhea was induced by the
administration of 1 mL castor oil orally by gavage to each
rat. The rats were placed individually in the metabolic
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cage. The floor of the cage consisted of a grid and all feces
expelled from the rat fell through this grid onto a plate.
The occurrence and severity of diarrhea were recorded for
3 hours. Onset and frequency of diarrhea were observed,
and the fecal form was scored cumulatively according to
the method of Hedge et al (1994)," as follows: normal
feces or no feces (score 0), well-shaped wet feces
(score 1), shapeless feces (score 2), and unshaped feces
with a large amount of liquid (score 3).

Castor Oil-Induced Enteropooling

The experiment was carried out according to the
methods of Robert et al (1976)*° and Rahman et al
(2013),%! with slight modifications. Thirty rats from the
previous experiment were divided into six groups.
Grouping of animals followed the previous experimental
treatments. Before being used in this experiment, all ani-
mals were rested for 2 weeks to eliminate residual drugs,
since the average of biological half-life of loperamide
(used in the positive control group) is 10.8 hours.”> The
rats were fasted for 6 hours before treatments and allowed
free access to water. After 1 hour of treatment, the rats in

A

each group received 1 mL of castor oil orally by gavage.
One hour later, the rats were euthanized by sodium pento-
barbital intracardiac injection (150 mg/kg BW) under keta-
mine (40-80 mg/kg BW) and xylazine (8 mg/kg BW)
anesthesia. The small intestine from the pylorus to the
cecum was isolated, then the intestinal contents were
weighed and their volume was measured.

Statistical Analysis

The average weight and volume of intestinal contents were
expressed as the mean + standard deviation. Subsequently,
the results were analyzed statistically using ANOVA fol-
lowed by Tukey’s method for post-hoc analysis to determine
significant differences between treatment groups and con-
trols. The value of p<0.05 was considered as significant.

Results
Effect of DLBS1Y62 on Castor
Oil-Induced Diarrhea

Observation of castor oil-induced diarrhea for 3 hours
resulted in four fecal forms, as shown in Figure I.

B

Figure | Fecal forms produced by the rats.

Notes: (A) Normal feces (score 0); (B) well-shaped wet feces (score 1); (C) shapeless feces (score 2); (D) unshaped feces with a large amount of liquid (score 3).
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Table | First Onset Occurrence of Diarrhea (Minutes)

Fecal Negative Positive Treatment Group
Score Control Control
1 1 m | v
Group Group
| 51 - 25 | 118 | 52 | 55
2 169 176 6l | 65 | 63 |73
3 165 - - - - | -

According to Hedge et al (1994),'° rats were considered
protected against diarrhea if they scored 0 or 1 and con-
sidered unprotected against diarrhea if they scored 2 or 3.
Groups [-IV expressed two forms of feces, which were
scored 1 and 2, which only showed a diarrhea condition
with a shapeless feces form. A diarrhea condition was also
shown by positive controls, with a score of 2. Meanwhile,
the negative control group expressed three forms of feces,
which were scored 1, 2, and 3, indicating a diarrhea con-
dition with a shapeless feces form and unshaped feces with
a large amount of liquid.

The first onset of diarrhea was observed in feces scored
2 or 3, as shown in Table 1. Group I, which received
6.25 mg/kg BW DLBS1Y62, showed the fastest first
onset of diarrhea, at minute 61, of the groups with
a fecal score of 2. Among the treatment groups that only
received DLBS1Y62, Group II had longer first onset of
diarrhea, with a fecal score of 2 at minute 65. Group IV
showed the longest first onset of diarrhea of all treatment
groups. Negative controls had a longer onset than the
DLBS1Y62 treatment groups. Positive controls, which
received 2 mg/kg BW loperamide, showed the longest
onset of diarrhea.

Table 2 shows frequency of diarrhea during 3 hours of
observation for individual rats in each group. The lowest
frequency of diarrhea was shown by positive controls.
Negative controls had a higher diarrheal frequency than

Table 2 Frequency of Diarrhea

the treatment groups. Group II had a similar diarrheal
frequency to Group IV. Group III, which received 25 mg/
kg BW DLBS1Y62, showed the lowest average frequency
of diarrhea among the treatment groups.

Effect of DLBS1Y62 on Castor

Oil-Induced Enteropooling

The form of intestinal content in this study was
a combination of liquid and semisolid forms. Intestinal
content was assessed based on its weight and volume.
Table 3 shows that the positive control and treatment
had
contents than the negative control group. The average

groups lower average weight of intestinal
weight of intestinal contents in negative controls was
41.39% higher than in positive controls. The highest dif-
ference in the average weight of intestinal contents was
shown by positive controls (29.27%). Among the treat-
ment groups, Group III, which received 25 mg/kg
DLBS1Y62, showed the highest reduction in average
weight of intestinal contents (27.41%) and its average
weight was 2.63% higher than in positive controls.
Positive control and treatment groups had a lower aver-
age volume of intestinal contents than negative controls, as
shown in Table 3. Group III showed the greatest reduction
in average intestinal volume (39.97%) of all groups and
the average volume in this group was 3.53% lower than
for positive controls. Tables 2 and 3 show that oral admin-
istration of 25 mg/kg BW DLBS1Y62 had a similar effect
to 2 mg/kg BW loperamide in inhibiting diarrheal fre-
quency and reducing intestinal contents, but did not result

in a longer time to first onset of diarrhea (Table 1).

Discussion

The effect of DLBS1Y62 on experimentally induced diar-
rhea was evaluated using castor oil-induced diarrhea and
castor oil-induced enteropooling in Wistar rats. Castor oil
is obtained from the seeds of Ricinus communis and is one
of the oldest drugs used as a laxative.”’**** The results
showed that administration of DLBS1Y62 and the combi-
nation of DLBS1Y62 with attapulgite could inhibit the
formation of further forms of diarrheal feces(unshaped
feces with a large amount of liquid). In contrast, rats that
received purified water as a negative control formed three
shapes of feces: well-shaped wet feces, shapeless feces,
and unshaped feces with a large amount of liquid.
According to Hedge et al (1994),' rats were considered
protected against diarrhea if they formed well-shaped wet

Rat Negative Positive Treatment
ID Control Group Control Group Group
|
| 3 0 5(0]| I 0
2 0 0 2122 |
3 8 0 0(2|0 |
4 4 | 0 I | |
5 0 0 o(o| o 2
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Table 3 Average Weight and Volume of Intestinal Contents

Group Treatment Intestinal % Weight % Weight Intestinal % Volume % Volume
Content: Difference® | Difference® Content: Difference® | Difference®
Weight (mg) Volume (mL)
Negative | 0.05 mL purified water 9.1242.72 - 41.39 9.08+3.37 - 60.7
control
Positive 2 mg/kg loperamide 6.45+1.73 29.27 - 5.65£1.65 37.77 -
control
| 6.25 mg/kg DLBS1Y62 8.26%3.69 9.43 28.06 7.30%£3.23 19.60 22.6
Il 12.5 mg/kg DLBS1Y62 7.27+1.47 20.28 12.71 6.30%1.48 30.61 1.5
1 25 mg/kg DLBS1Y62 6.62+2.02 27.41 2.63 5.45£1.59 39.97 -3.53
v 6.25 mg/kg DLBS1Y62 7.44+2.46 18.42 15.25 6.40£2.10 29.51 13.27
+ 20 mg/kg attapulgite
Notes: Data are presented as mean * standard deviation; p<0.05; “compared with negative control; bcompared with positive control.
feces and considered unprotected against diarrhea if they catechu tannat acid (tannin), which are flavonoid

formed shapeless feces or unshaped feces with a large
amount of liquid.

Castor oil is reported to cause diarrhea by increasing the
volume of intestinal contents by preventing the reabsorption
of water.'® Liberation of ricinoleic acid from castor oil results
in irritation and inflammation of the intestinal mucosa, lead-
ing to the release of prostaglandin E, (PGE,), which results
in the stimulation of motility and secretion, and the preven-
tion of reabsorption of NaCl and water.”*?’ Rats that
received DLBS1Y62 at all dose levels and in combination
with attapulgite had a lower frequency of diarrhea and
reduced intestinal content compared with negative controls.
The decreased intestinal content in rats that received
DLBS1Y62 could be caused by water reabsorption and
a reduction in water secretion. Low diarrheal frequency in
the DLBS1Y62 treatment groups was probably related to
decreased intestinal motility, but DLBS1Y62 treatments did
not delay the onset of diarrhea. Altered intestinal motility
may alter fluid absorption by increasing or decreasing the
exposure of the luminal content to the intestinal absorptive
surface. Non-specific antidiarrheal agents decrease intestinal
motility and decrease stool frequency, which may, in turn,
limit the number of incontinent episodes.”**° DLBS1Y62 at
a dose of 25 mg/kg BW showed an inhibitory effect on
diarrheal frequency and resulted in low intestinal contents,
similar to the effect of loperamide at a dose 2 of mg/kg BW.

Antidiarrheal activity has been found in plants posses-
sing tannins, alkaloids, saponins, flavonoids, steroids, and
terpenoids.*® Most Gambier extracts contain catechine and

derivatives.>' Tannins and flavonoids are suggested to be
responsible for antidiarrheal activity by increasing colonic
water and electrolyte reabsorption, and tannins could also
decrease the irritability of the bowel, thereby reducing the
peristaltic index.>> Tannins that are present in
antidiarrheal plants could denature proteins in the intest-
inal mucosa by forming protein tennates, which may
reduce secretion.>*-** Tannin produces a temporary protec-
tive layer of coagulated protein on the mucosal membrane
of the gut, possibly desensitizing sensory nerve endings
and reducing provocative peristaltic stimuli.®* Tannins also
form a protective pellicle that prevents the absorption of
toxic substances. Tannins are astringent, bitter plant poly-
phenols, which either bind and precipitate or shrink
proteins.*®*” Moreover, herbs with astringent properties
are recommended as a treatment for diarrhea.'*
According to the results of the animal study, the pos-
sible antidiarrheal mechanism of action of DLBS1Y62
could be related to inhibition of water secretion, reduction
of intraluminal fluid accumulation, or increasing water
absorption. However, it did not delay the onset of diarrhea.
This finding is in accordance with the goal of drug therapy
in diarrhea, that is to reduce stool water by increasing fluid

absorption, or reducing fluid secretion, or both.®

Conclusion

The present study showed that DLBS1Y62 at a dose of
25 mg/kg BW resulted in inhibition of diarrheal fecal
formation and also reduced the fecal passage frequency
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of castor oil-induced diarrhea and enteropooling.
However, the extract did not delay the onset of diarrhea.
Although further studies are still required, this study
indicates that DLBS1Y62 could be considered as

a promising herbal treatment for diarrhea.
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