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ABSTRACT

Project Code : MRG4680196
Project Title : An investigation on effects and mechanism of action of barakol on cure and
prevention of gastrointestinal disorders
Investigator ; Chatsri Deachapunya, Sutthasinee Poonyachoti and Watchareewan
Thongsaard

E-mail Address : chatsri@swu.ac.th
Project Period : 1 July 2003 — 30 June 2005

Barakol is a purified extract of Cassia siamea, a plant that has been used as a
laxative in traditional medicine. In this study the effects of barakol on anion transport and
immunoglobulin A (IgA) secretion across the rat colon epithelium were investigated. Colonic
epithelium was mounted in Ussing chambers and bathed with Ringer solution. Addition of 1
mM barakol to the basolateral solution produced a slow increase in Isc in proximal colon
and distal colon by 245 + 2.2 pAlem’ and 24.2 + 1.4 pAlem’, respectively. Barakol
increased Isc in a concentration dependent manner with an ECs, value of 0.4 mM. The
barakol-stimulated increase in Isc was inhibited by subsequent treatment with 500 pM
diphenylamine-2-carboxylic acid or 400 puM glibenclamide added to the apizal solution, and
200 pM bumetanide added to the basolateral solution. Pretreatment of the tissues with 200
UM bumetanide, but not 10 uM amiloride, completely abolished the barakol-increased Isc.
lon substitution experiments showed an inhibition of barakol-stimulated Isc in choride-free
solution, but not in biéarbonate-free solution. In addition, pretreatment of tissues with 10 pM
tetrodotoxin or 10 puM indomethacin, but not 1 pM atropine or 10 tM hexamethonium,
partially inhibited the Isc response by barakoi. In the presence of both tetrodotoxin and
indomethacin, the barakol-stimulated isc response was nearly abolished. These resuits
demonstrated the stimulatory effect of barakol on the bumetanide-sensitive chloride
secretion in rat colon. The effect of barakol was panially mediated by stimulation of
submucosal nerves and through the release of cyclooxygenase metabolites. In addition,
barakol markedly stimulated the secretion of igA both in vivo and in vitro studies in rat
colon. Ali c;fithese findings provide the effect and the mechanism of action of barakoi as a
secretagogue\ and its role on enhancement of non-specific mucosal immunity in mammalian
colon.

Keywords : Barakol, Cassia siamea, Ci secretion, IgA, laxative, rat colon Ussing chamber
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INTRODUCTION

Barakol is a biologically active compound extracted from leaves and flowers of
Cassia siamea, a plant that has been traditionally used for the treatment of fever, skin
disease, constipafion, diabetes, hypertension and insomnia {Kinghorn and Balandrin, 1992).
An alcoholic extract of C. siamea was shown to inhibit central nervous system activity,
increase tension in smooth muscle (Arunlakshana, 1949) and decrease blood pressure
{Mokasmit, 1981). In 1969, Hassanali-Walji and coworkers originaily éxtracted a biologically
active constituent called barakol from C. siamea. The chemical structure of baraligl was
identified as 3q, 4-dihydro-3a, 8-dihydroxy-2, 5-dimethyl-1, 4-dioxaphenalene (C;3H,0,) or
2, 5-dimethyl-3oH-pyrano-[2, 3, 4-de]-1-benzopyran-3c., 8-diol and a proposed synthetic
procedure was described in 1970 (Bycroft et al., 1970). Barakol is a chromone that is not
related chemically to anthranoid laxatives derived from Cassia plants. In animal model
studies, barakol has been shown to possess hypotensive activity (Suwan et al., 1992),
serotonergic receptor antagonist activity (Tongroach et al., 1992) and appears to function
as an anxiolytic in exploratory behavioral activities (Thongsaard et al., 1996). Further in
vitro studies in the central nervous system have found that barakcl inhibits K -stimulated
dopamine release from striatal slices of rat brain (Thongsaard et al., 1997). Recent studies
in our laboratory have shown that barakol increases smooth muscle contraction in the
isolated rat ileum under basal conditions and during electrical field stimulation. In these
studies, barakol was found to antagonize norepinephrine-suppressed smooth muscie
confraction, suggesting a role for barakol as a prokinetic drug (Poonyachoti et al., 2002;
Deachapunya et al., 2005).

The colonic epithelium plays an essential role in the absorption and secretion of
water and electrolytes. its transport function is regulated by a variety of neurotransmitters,
hormones and inflammatory mediators. Under basal conditions, the colonic epithelium
absorbs fluid from the lumen into the circulation and this process is driven by energy
dependent Na+\ transport. In contrast, colonic secretion is activated by secretagogues that
enhance Cl transport mechanisms, which in turn create electrochemical and osmotic
driving forces for p'assive cation and water movement into the lumen (Kunzelmann and
Mall, 2002). Decreased secretory function or increased fluid absorption by the colon is

typically associated with constipation. Since Cassia siamea has been used as a laxative,



we hypothesized that its active ingredient, barakol, may exert a laxative effect by
stimulating chloride secretion and/or inhibiting NaCl absorption across the colonic
epithelium.

Secretory immunoglobutin A (sigA) plays an important role in mucosal immunity in
many epithelia such as respiratory, gastrointestinal and genitourinary tracts. In intestine, it
is produced from immunogiobulin producing plasma cells resided in laminar propria of small
intestine and, to a lesser extent, in the large intestine. It is transported across epithelial
cells in a receptor-mediated transcytosis which involve the binding of dimeric IgA to the
polymeric immunoglobulin receptor (plgR) on the basolateral membrane of epithelial cells.
When franslocated to the apical membrane, plgR is proteolytically cleaved and the
extraceilular domain of the receptor, bound to IgA, is released into the mucosal secretions.
This cleaved extracellular membrane of the receptor is known as the secretory component
{SC). The secreted IgA, together with the SC, is known as secretory |gA which serves to
prevent exogencus antigens, including microorganisms, from attaching to and penetrating
the epithelial lining of mucous membranes and heips to promote their degradation and
excretion. In addition, during transcytosis, plgR-IgA complexes are important in intracellular
virus neutralization and the clearing of antigens from the larmina propria (Rojas and
Apodaca, 2002).

Secretion of IgA has been shown to be stimulated by several secretagogues such
as cholecystokinin (CCK), substance P (SP) and neurokinin A (NKA) (McGee et al., 1995;
Schmidt et al., 1999). The receptors for these neuropeptides have been found on plasma
cells (Stanisz et al., 1987, Kimata et al., 1996). in addition, SP and VIP have been known
to stimulate water and electrolyte secretion into the colonic lumen. This raises the
possibility whether barakol may stimulate the secretion of IgA in the colon.

In the present study, we aimed to investigate the effect of barakol on ion transport
across the rat colon epithelium and to determine the mechanisms invoived in barakol
action. If barakol exerts secretory activity, the effect of barakol on secretion of igA in the

colon will be also examined.



Figure 1 Chemical structure of barakol

MATERIAL AND METHODS

Plant extraction. Barakol was extracted and purified from Cassia siamea in our
laboratory by a procedure as described in our previous report (Thongsaard et al.,, 2001).
Briefly, fresh young leaves and flowers of C. siamea were obtained from a local market in
Bangkok and the identification confirmed by comparison with the herbarium specimens in
the Botany Section, Technical Division, Deparunent of Agricuitire, Ministry of Agriculture
and Co-operative, Thailand. They were cut into small pieces and bhoiled in 0.5% sulfuric
acid for 30 min. The mixture was blended, filtered, and alkalinized with concentrated
NaHCQO; and then extracted with chloroform. The chloroform extract was further
concentrated with 5% acetic acid and neutralized with 25% ammonium hydroxide. The
crude barakol was obtained as greenish crystallized yellow needies with 0.3% vyield.
Concentrated hydrochloric acid was finally added to obtain barakol hydrochloride and the
mixture was dried by vacuum filtration to form yellowish crystallized anhydrobarakol
hydrochloride. The compound was shown to be a single chemical using thin fayer
chromatography on silica gel and the identification confirmed by nuclear magnetic
BIEINE (W) Baehe) wias dissolved i distiled water immedigiely before testing its

activity. When anhydrobarakoi hydrochloride is dissolved in water, the reaction is reversed
and the productwsed in all the biological experiments is a barakol solution with a pH of 34
at the stock concentration (50 mM) (Thongsaard et al.,, 2001). In the experiment, barakol
was freshly dissolved in normal saline, wrapped with aluminum foil and kept on ice, and

used within 3 hours after preparation.
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Chemicals. Tetrodotoxin, atropine sulphate, hexamethonium, amiloride,
glibenclamide, diphenylamine-2-carboxylic acid (DPC), bumetanide, indomethacin,
acetazolamide, N-vanillylnonanamide (capsaicin synthetic) and high purity grade saits were
obtained from Sigma Chemical Co. (St. Louis, MO, USA). All chemicals were made in
aliquots and kept at -20 C before use. Some chemicals were dissolved in dimethyi
sulfoxide (DMSO)}, the final DMSO concentration of which was less than 0.1% {vol/vol).

Animals and fissue preparation. Male Wistar rats (250-300 g) were obtained from
National Animal Center, Mahidol University, Thailand. They were housed in stainless-steel
cages in a room with a 12-12 hour light:dark cycle and allowed free access to food and
water. All animals were taken care in accordance with the International Guiding Principles
for Biomedical Research Involving Animals provided by the National Research Courcil of
Thailand.

For experiment, rats were sacrificed with small animal decapitator (Harward, Kent,
UK). After a laparotomy incision, the whole colon was removed, rinsed and placed in an
ice-cold oxygenated Ringer solution (composition in mM: 118 NaCl, 4.7 KCI, 2.5 CaCl,, 0.5
MgCl,, 25 NaHCO;, 1.0 NaH,PO,, 11 D-Glucose; pH 7.4). The colon was longitudinally cut
close to the mesentary and the serosal muscle layers were carefully stripped away by blunt
dissection to obtain a mucosa-submucosal preparation. The appearance of palm-like
foldings was .used to distinquish between the distal and proximal colon.

Measurement of electrical parameters. The mucosa-submucosal preparation was
mounted in Ussing chambers (0.62 sz) bathed on the apical and bhasolatera! sides with

identical Ringer's solutions at 37° C and gassed with 95% O9 and 5% CO5. Transepithelial

potential difference (PD) and short circuit current (Isc) were measured with the use of
voltage-clamp amplifier (EVC-4000, World Precision Instrument) using Ag/AgCl, electrodes
connected to the bathing solution via agar bridges. Tissue conductance (G) was calculated
using Ohm's law (G = isc/PD). The tissues were continuously short-circuited, except for a
brief interval of open-circuited readings before and after adding any chemicals. The data
from the voltage clamp was connected to MacLab 4S5 A/D converter and recorded with a
400 MHz PowerPc Macintosh. After mounting, the tissues were equilibrated for at least 30
min to achie\:f? a stable Isc before the addition of chemicals. Positive Isc corresponded to
the movement léf anions from the serosal to mucosal compartments or movement of cations
from the mucosa! to serosal compartments or a combination of both. In the anion

replacement experiments, gluconate salts were substituted for chioride and HEPES buffer
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(20 mM) was substituted for HCO;. Experiments under HCO,-free conditions were
performed in the presence of 100 uM acetazolamide and aerated with 100% O,.

Measurements of IgA levels. The amount of total rat igA was estimated in the
mucosal (apical) and serosal (basolateral} solutions bathing the tissue preparations as well
as in the caecal content. To obtain the barakol effect on secretion of IgA in vitro, the
colonic epithelium was mounted in Ussing chamber and the mucosal and serosal solutions
were collected at a 5 min period after serosal application of barakol (1 mM), which
approximated the maximum barakel response. The solutions collected during a 5 min
period prior to addition of barakol were used as control. To determine the effect of barakol
on IgA secretion in vivo, rats were intraperitoneally injected with barakol {60 mg/kg in 1 ml
normal saline) and 30 min later, the rats were sacrificed and the caecal contents were
collected. All collected samples were immediately kept in -70°C until analysis. Before
analysis, the ceacal contents were thawed out and diluted with 0.1% trypsin inhibitor
cocktails (1 ml/mg of sample). The mixture was homogenized and solubilized by vortex
spinning every 15 min for 60 min, after which the homogenate was centrifuged for 15 min
at 8,000 rpm and supernatant was collected for measurement of IgA level.

The amount of total IgA was determined by a rat IgA quantitation kit (Bethyl
Laboratories, Texas, USA). Briefly, microtitre plates were coated with 100 pl of affinity
purified goat anti-rat IgA antibody diluted 1:100 in carbonate buffer pH 9.6 and kept at 4°C
overnight. After washing and blocking steps following the standard protocol of enzyme
linked immunoabsorbent assay (Bethyl Laboratories), 100 pl of 1:50 diluted sample were
added to each well and incubated for 1 hr at room temperature. After a third washing step,
each well was added 100 ul of capture antibody, the anti-rat IgA conjugated with
horseradish peroxidase difuted 120,000 in PBS buffer pH 7.2 for 1 hr at room temperature.
Color was then developed by 3,3',5,8' tetramethylbenzidine (TMB) substrate for 5 min and
stopped by 2N sulfuric acid. Absorbance was read at 450 nm and 550 nm by ELISA plate
reader {Tecan). The amount of IgA was determined from standard curve using a rat IgG
reference and expressed as ng:’mh’cm2 or ng/mg of caecal content.

Data analyses. All values were expressed as means and standard error of mean
(SEM), n was the number of different tissue preparations and N was the number of animals
in each expe?‘ument. The increase in Isc was quantified by subtracting the peak of an Isc
response from its respective baseline value before drug administration. The statistical
differences between control’ and treatment means were analyzed using Student’s paired or

unpaired t-test when appropriate. The differences among groups were analyzed using a
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one way analysis of variance followed by Dunneft's multiple comparison. A p-value less

than 0.05 was considered statistically significant.
RESULTS

Under basal conditions, after an equilibration period of 30-45 min, the distal colon
showed average Isc, PD (lumen negative) and G values of 35.5 + 2.4 pA/cmz. -3.7 £ 0.3
mV and 11.0 £ 0.8 pS/cm2 (n = 44 tissues, N = 17 rats), respectively. The proximal colon
exhihited average Isc, PD and G values of 39.6 + 5.1 p,A/cmz. 27203 mV and 1563 =

1.5 pS/crr:2 {n = 17 tissues, N = 12 rats), respectively.

Effect of barakol on Isc

Addition of 1 mM barakol to the basolateral solution produced a slow increase in
Isc, which peaked in 5-10 min and was sustained for 30-456 min (Fig. 2A), before it
graduaily returned to the baseline level. The maximal increase in Isc produced by barakol
was 244 + 2.0 gAchm2 (n = 33 tissues, N = 18 rats) in distal colon and 24.0 + 48 pAIcm2
{n = 10 tissues, N = 7 rats) in proximal colon. The tissue conductance at the maximal
barako! response was not different from its corresponding baseline value {(control, 13.3 £
1.0 pS/cmz;_aﬂer barakol, 12.8 + 1.0 pSIcmz; n = 35 tissues, N = 18 rats). Addition of 0.01
M hydrochloric acid in equal volume to barakol solution (200 pl) did not alter any baseline
electrophysiological parameters. Since the tracings and maximal {sc responses to barakol
in the distal and proximal colon were not different, the rest of the experiments were
performed using distal colon unless otherwise stated. Barakol (10 pM-3 mM) induced a
cumulative concentration-dependent increase in Isc with an apparent ECy, value of 0.4 mM
{n = 9 tissues, N = 5 rats, Fig. 2B). The barakol-induced increase in Isc was completely
inhibited by the CI' channel blocker, diphenylamine-2, 2’-dicarboxylic acid (DPC, 500 uM, n
= 4 tissues, N = 3 rats, Fig. 3A) and partially inhibited by glibenclamide {400 uM) added to
the apical solution. Glibenclamide produced a 52.6 £ 11.0% decrease in barakol-stimulated
Isc (n =5 tissues, N = 4 rat, Fig. 3B). iIn contrast, the barakol-stimulated increase in lsc
was not affected by a subsequent addition of 4, 4-diisothiocyanatostilbene-2, 2-disulfonic
acid (DIDS) t;‘ the apical solution (n = 5 tissues, N = 4 rats, data not shown). Basolateral
addition of bumetanide (200 pM), a Na -K'-2Cl cofransporter inhibitor, completely
suppressed the barakol-stimulated Isc (n = 5 tissues, N = 4 rats, Fig. 3C). The Isc

response to barakol did not significantly change in the presence of the Na" channel blocker



amiloride (10 pM, Fig. 4A} in the apical solution (control, 33.5 £ 6.8 uAlcmz, n = 6 tissues,

= 4 rats; after amiloride, 32.5 + 10.1 uAlcmz; n = 3 tissues, N = 3 rats). In contrast,
pretreatment of tissues with bumetanide (200 uM, Fig. 4B) abolished the barakol-induced
increase in Isc, from 33.5 £ 6.8 ;.ut\:'cm2 {n = 6 tissues, N =4 rats) to 1.0 + 3.6 ;.LAlcm2 (n=

3 tissues, N = 3 rats, p<0.01, Fig. 4C).
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Figure2 < Effect of barakol on f(sc in rat colon epithelium. (A) Representative
recordings of the Isc response produced by addition of 1 mM barakol (Bak) to the
basolateral solution. {B) Concentration-response relationship for barakol-stimulated Isc. The

EC4, value was 0.4 mM. Each point represented mean £ SEM.
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Figure 3 " Effect of CI' channel blockers and a Na'-K'-2CI" cotransport blocker on the

barakol-stimulated (sc. Representative recordings of the Isc response produced by
basolateral addition of 1 mM barako! (Bak) were inhibited by (A) apical addition of 500 puM
DPC, (B) apical addition of 400 uM giibenclamide {Gli) or {C) basolateral addition of 200
1M bumetanide (Bum).
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Figure 4 Effect of amiloride and bumetanide on the barakol-stimulated Isc.

Representatjve tracings of the barakol (Bak)-stimulated Isc response after pretreatment with
(A) apical addition of 10 uM amiloride (Amil) or (B) a basolateral addition of 200 puM
bumetanide (Bum). (C) Bar graph illustrating the average maximal increases in Isc
response produced by barakol alone (Control} and after pretreatment with bumetanide or

amiloride. Values represent means = SEM. *P<0.01 when compared to the control value.
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Effect of ion substitution on barakol-increased Isc

lon substitution experiments were performed to defermine the ionic basis of the Isc
response induced by barakol. In normal Ringer's solution, barako!l at a concentration of 1
mM produced a mean increase in Isc of 31.1 &£ 2.8 wf-\lcm2 (n = 24 tissues, N = 13 rats).
Replacement of Cl in both apical and basolateral solutions significantly inhibited the
maximal ls¢c response to barakol (7.8 £ 0.6 pAlcmz, n = 8 tissues, N = 6 rats, p<0.05), f
whereas replacement of HCO; had no effect on the maximal barakol-induced Isc (29.4 +
26 pA/cmz, n = 5 tissues, N = 4 rats). Replacement of both Cl and HCO, significantly
inhibited the maximal Isc response to 2.6 = 0.7 ,.ui'\lcm2 (n = 5 tissues, N = 4 rats, p<0.05,
Fig. 5).

407 CINR
8 -'-l—' 2223 Cl free
-E (:l—h 301 ] HCO; free
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Figure 5 Effect of CI and HCO, substitution on the barakol-stimulated Isc. In

standard Ringer’s solution (NR), barakol at a concentration of 1 mM produced a mean
increase in Isc of 31 uA!cmz. Replacement of Cl (CI free) or both CI and HCO, (CI-HCO;
free) inhibited the maximal Isc response to barakol by 74% and 91% respectively, whereas
replacement of HCQ, (HCO; free) had no effect on barakol response. Values were means

+ SEM. *P<0.01 when compared to the control vaiue of NR.

Effects of s.ubmucosal neuronal blockers and indomethacin on barakol-increased Isc

To aésess whether barakol activation of Cl secretion was mediated by submucosal
neurons and p|rostaglandin synthesis, the tissues were pretreated with neuronal biockers or
indomethacin for 5 minutes followed by basolateral addition of barakol (1 mM). The effect
of barakol alone on control tissues is shown in figure 6 (30.4 + 3.2 p.A/cmz, n = 22 tissues,

N = 11 rats). Tetrodotoxin (TTX, 10 uM) significantly decreased the basal Isc from 51.9
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13.0 p./ﬂ\!cm2 to 33.2 + 9.9 wf-‘»‘/cm2 and subsequent addition of barako! resulted in an Isc
response that was 60% lower than that in control tissues (11.8 £ 4.2 chmz, n = 5 lissues,
N = 4 rats, p<0.05). In contrast, pretreatment with the muscarinic receptor antagonist
atropine (1 uM) in the basolateral solution did not significanty change the basal Isc or
reduce the barakol-induced increase in Isc (24.7 + 6.4 pA/cmz, n = 4 tissues, N = 4 rats).
In addition, hexamethonium pretreatment (10 pM) did not significantly alter the barakol-
stimulated isc (n = 5 rats, N = 4 rats, data not shown). Prefreatment of tissues with the
cyclooxygenase inhibitor indomethacin (10 uM) in both apical and basoclateral solutions
significantly reduced the barakol-stimulated isc response by 60% (12.3 + 7.1 pA!cm2, n=7y7
tissues, N = 6 rats, p<0.05). The barakol-stimulated Isc response was decreased by 90% in
the presence of indomethacin and TTX {4.95 = 1.1 uAfcmz, n = 4 tissues, N = & rats,
p<0.05, Fig. 6). In addition, pretreatment with dihyphendamine (10 pM), a histamine (H;)
receptor blocker, did not change the barakol-stimulated Isc (n = 3 tissues, N = 3 rats, data

not shown).
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Figure 6 Effect of submucosal neuronal blockers and indomethacin on the barakol-

stimulated Isc. Bar graph illustrating the maximal Isc response to barakol alone (Control)
and after pretreatment with 10 pM tetrodotoxin (TTX), 1 pM atropine {Atr), 10 pM
indomethacin.(Ind) or a combination of Ind and TTX {Ind+TTX). Values were mean + SEM.

*P<0.05 when compared to the control value.
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Effect of sensory neuron blocker on barakol-increase isc

In our findings, barakol was shown to stimulate Cl secretory pathway partially due
to stimulation of submucosal neurons. This stimulation was not dependent on motor
cholinergic pathway. To further investigate whether barakol-stimulated Cl secretion may
involve sensory neuron, the sensory neurons were chemically denervated following
pretreatment of the tissues with capsaicin synthetic (3 yM and 10 yM) added to the
basolateral solution. Capsaicin at the concentration of 3 uM increased the amplitude of Isc
by 247 £ 64 p,LA/cm2 (n = 4 tissues, N = 4 rats) when added {o the basolateral solution. A
subsequent additicn of capsaicin (10 yM) had no further increase in lsc response,
suggesting a successfully denervation of sensory nerve. In the presence of capsaicin, a
small Isc response induced by barakol (1 mM} was observed (8.9 + 2.7 ;,LA/cmz,.-*n =4
tissues, N = 4 rats, p<0.05, Fig. 7A and 7B), which accounted for an inhibition of 72% of
barakol responsesalone (30.4 £ 3.2 pA/cmz, n = 9 tissues, N = 22 rats). In addition, barakol

pretreatment completely abolished the capsaicin-induced increase in Isc (Fig. 7C).
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Figure 7 Effect of capsaicin on the barakol-stimulated Isc. (A} Representative tracing

showing the Isc produced by basolateral addition of 3 and 10 pM capsaicin (Cap). Subsequent
addition of 1 mM barakol (Bak) showed a small i1sc response. (B) Bar graph illustrating the
average maximal increases in Isc response produced by barakel alone (Control) and after
pretreatment with capsaicin (3 pM). Values represent means £ SEM. *P<0.01 when compared
to the control value. (C} Representative Isc showing that addition of 1 mM barakol abolished

the increase in Isc produced by 3 pM capsaicin.
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Effect of barakol on the immunoglobulin A (IgA) secretion

Secretagogues including substance P and cholecystokinin which stimulates electrolytes
and water secretion have been shown to increase the secretion of igA into the lumen of
porcine ileurn (Schmidt et al., 1999). Since barakol had a potential effect on stimulation of CI
secretion, we therefore investigated whether barakol could induce the secretion of IgA cross
the colonic epithelium. By using the Ussing apparatus and voltage clamp techniques, the
concentration of IgA in the mucosal (apical) and serosal (basolateral) solutions bathing the
colonic epithelium could be determined before and after bharakol treatment. Under normal
Ringer solution, the level of IgA content in the mucosal and serosal solution bathing the colonic
epithelium was 65.5 + 16.5 ng:’mb’cm2 {n = 4 tissues, N = 4 rats) and 32.2 £ 7.2 nglm!/’cm2 (n=
4 tissues, N = 4 rats), respectively. A serosal addition of barakol (1 mM) for 5 min.produced a
marked increase in the IgA concentration in the mucosal solution by 301.8 + 15.8 ngh@nl;’cm2 (n
= 4 tissues, N = 4 rats, P<0.01) and in the serosal solution by 327.6 £ 11.1 nglmllcm2 (n=4
tissues, N = 4 rats, P<0.01). Replacement of CI significantly increased the IgA content in the
mucosal solution (205.9 £ 314 nglml!cmz, n = 4 tissues, N = 4 rats, P<0.01), but not in the
serosal solution (66.2 + 85 ng/mllcmz, n = 4 tissues, N = 4 rats) compared to the normal
Ringer solution. Under Cl-free solution, addition of barakol (1 mM) had no effect on the IgA
level in the mucosal solution (186.4 £ 27 4 ng/ml/cmz, n = 4 tissues, N = 4 rats) but showed a
small increase in the serosail IgA level (153.9 £ 36.1 ng/ml/cmz, n = 4 tissues, N = 4 rats).
However, the change of serosal IgA responses to barakol in Cl-free solution significantly
lowered than that in normal Ringer solution (Fig. 8). in both normal Ringer and Cl-free
solutions, application of barakol had no effect on tissue conductances (normal Ringer: before
barakol 13.3 £ 1.0 pSlcmz; after barakol 12.8 + 1.0 pSlcm?', n = 35 tissues, N = 18 rats; Cl
free: before barakol 9.9 + 1.7 pS/cmz, after 10.8 + 1.7 pS/cmZ, n = 12 tissues, N = 6 rats). In
addition, the tissue conductances in Cl-free solution before and after barakol addition was not
different from its corresponding values in normal Ringer solution (Fig. 9).

To confirm the barakol effect on IgA secretion in vivo study, the amount of IgA was
determined from caeca! content collected from kilied rats, 30 min after a peritoneal injection of
barakol at the dose of 50 mgfkg. The dose of barakol used in this study was the dose that
showed ar;xiolytic effect in our previous study (Thongsaard et al,, 2001}, Barakol treatment
markedly inéfeased the caecal IgA content to 172.2 + 26.0 ng/mg (n = 4 tissues, N = 4 rats)
from 36.3 = 1.5 ng/mg (n = 5 tissues, N = & rats) in the normal saline control rats, Fig. 9). In

addition, the tissue conductance of colonic epithelium taken from normal saline-treated control
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2
rats (22.7 £ 5.0 pS/cm , n = 4 tissues, N = 4 rats) and barakol-treated rats (24.6 £ 6.5 pS/cmz.

n = 4 tissues, N = 4 rats} did not show significant changes.
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Figure 8 Effect of barakol on the secretion of IgA in isolated rat colon under standard

normal Ringer solution and Cl-free solution. The concentration of IgA was determined from
mucosal and serosal solutions bathing the colonic epithelium before and after barakol treatment
for 5 min. in normat Ringer's solution (NR), a basolateral addition of barakol (1 mM) produced
a marked increase in the level of IgA in both musccal and serosal solutions. Replacement of
Cl (Cl free) increased the IgA level in mucosal solution, but not in the serosal solution. Addition
of barakol (* mM) had no effect on the IgA level in mucosal solution but showed a small
increase in serosal IgA. Values were means £ SEM. *P<0.01 when compared to the control
value before barakol addition. 'P<0.01 when compared to the corresponding value under

normal Ringer's solution.
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Figure 9 Transepithelial conductance of colonic tissues under normal Ringer” solution

(NR) and Cl-free solution (ClI free). The tissue conductance was determined immediately
before and after addition of barakol into the basolateral solution of for 5 min. Values were

mean = SEM.
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Figure 10 Effect of barakol on the Ievel. of IgA secretion isolated from caecal content.

Bar graph -illustrates the concentration of IgA isolated from caecal content using ELISA
technigue. The dramatically increase of the IgA secretion was seen 30 min after an
intraperitoneal injection of barakol compared with normal saline-injected control rats. Values

were mean * SEM. *P<0.01 when compared to the control value.
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DISCUSSION

Effect of barakol on chloride secretion

in the present study, the direct effect of barakol on the ion absorption and secretion
was studied in vitro using serosal muscle-stripped colonic epithelium. Barakol was shown to
increase lsc in both proximal and distal colon by the same magnitude. The increased Isc
was due to an activation of CI secretion. This was supported by the findings that cl
channel blockers, DPC and glibenclamide, inhibited the barakol-induced increase in Isc. In
ion substituion experiments, the barakol-stimulated isc was abolished in Ci-free solution
and further inhibited in CI' and HCO; -free solutions. In addition, pretreatment with the loop
diuretic bumetanide completely inhibited the barakol-stimulated Isc. Ali of these fihdings
were consistent with stimulation of transepithelial CI secretion in human and rat colon
(Dharmsathaphorn et al., 1985; Ko et al., 2002; Kunzelman and Mall., 2002). The finding
that the increase in Isc by barakol was not affected by the presence of the Na“ channel
blocker amiloride, indicating that barakol did not stimulate electrogenic Na’ absorption.

Cl secretion in mammalian colon involves CI uptake across the basolateral
membrane by a Na'-K'-2C cotransport mechanism and subsequent efflux across the
apical membrane through Cf channels. CFTR is the predominant C! channel that piays a
role in Cl secretion in many epithelia including the colonic epithelium (Kunzelmann and
Mali, 2002). CETR is a cAMP-mediated Ci channel that has previously been shown to be
inhibited by DPC and glibenclamide (Sheppard and Welsh, 1992). On the other hand, DIDS
has been shown to block CaZ+-activated Ci channel but had no effect on the activity and
conductance of CFTR (Anderson et al.,, 1992; Schultz et al.,, 1999). Since the present
study showed that the barakol-induced increase in Isc was completely inhibited by DPC
and partly inhibited by glibenclamide, it is most likely that CFTR was the apical ClI exit
pathway for barakol-stimulated CI secretion. The insensitivity of the barakol response to
DIDS further confirmed the involvement of CFTR-mediated CI secretion, and suggested
that the CaZ+-activated Cl channel was not involved in the Isc response to barakol. The
barakol-stimulated increase in Isc was also abolished by bumetanide, an inhibitor of Na -
K -2t cot-ransporter, suggesting that barakol-stimulated Cl uptake was mediated by this
mechanism. Moreover, the alleviation of barakol-stimulated ClI secretion by CFTR Cf
channel blockers and bumetanide indicated that the cellular mechanism of barakol may
involve the cAMP dependent pathway. Our finding was consistent with CI secretion

induced by other plant-derived bioactive compounds, especially flavonoid baicalein.
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Baicalein has been shown to stimulate C| secretion across rat colonic epithelium by
activation of the cAMP-dependent apical CI channel and the basolateral K~ channels (Ko et
al., 2001). From studies in human colonic cancer ceils (T84 cells), baicalein was found to
potentiate the Caz*-mediated Cl secretion via an accumulation of cAMP and activation of
protein kinase A activity (Yue et al. 2004). However, the signaling mechanisms involving
either intracellular Ca2+ or cAMP and protein kinase A in the mediation of barakol-
stimulated CI secretion could not be ruled out and are subject to further investigation.

Most of the naturally occurring laxatives exert their effects on the colonic epithelium
by stimulating Cl secretion and/or inhibiting Na' absorption, resulting in an accumulation of
fluid and subsequent increased colonic motility. The increased Cl secretion by anthranoid
laxatives, anthraquinone and sennosides, is due to disruption of epithelial tight jurictions,
leading to increased permeability of the epithelium (Wanitschke, 1980; Ewe, 1980). Their
chemical structures related to junctional disruption have not been indicated. Although the
direct effect of barakol on tight junclion permeability was not examined in the present study,
an increase in junctional permeability was unlikely to account for barakol-stimulated CI
secretion, since changes in tissue conductance were relatively small. The suppressive
actions of anthranoid laxatives on Na+ absorption could result from decreased ATP
production or & direct inhibition of the Na+, K -ATPase activity in the basolateral membrane
(Wanitschke, 1980; Wanitschke and Karbach, 1988). Reduced Na+, K+-ATPase activity
would, in turn, decrease net Na+ absorption across the epithelium. In this study, the
barakol-induced increases in Isc were not affected by amiloride, indicating that the barakal
effect was not due to activation of epithelial Na' channels. This finding may be due fo the
fact that Na channels normally play a relatively minor role in Na" absorption across the
proximal and distal colon in rats (Kunzelmann and Mall, 2002). However, a question still
remains as o whether barakol may have some effects on Na -H or CI-HCO; exchange,
since the activities of these electroneutral transporters could not be detected by
measurement of Isc.

To identify whether the barakol response involved neurotransmitter release from
nerves within the submucosal plexus or was the result of a direct effect on the epithelium,
the tissues \;fgre pretreated with tetrodotoxin to block the neuronal Na  channel activity and
inhibit action botential propagation. A substantial portion of basal Isc (36%) was inhibited
following addition of tetrodotoxin, suggesting that it was sustained by endogenous release
of neurotransmitters from the submucosal plexus. Pretreatment with tetrodotoxin inhibited

the barakol-induced increase in Isc by 48%, confirming that barakol-stimulated C! secretion
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was partially mediated through the activation of submucosal nerves. In contrast, the lack of
effect of the muscarinic cholinergic receptor blocker atropine or the nicotinic receptor
blocker hexamethonium on the barakol-stimulated Isc response argued against involvement
of the acetylcholine-containing submucosal neurons in barakol action on Cl secretion in the
rat. The tetrodotoxin-insensitive barakol response suggested that barakol may act directly
on the colonic epithelial cells to stimulate Ci secretion.

To further test whether the barakol activation of CI secretion was due to
prostaglandin release, tissues were pretreated with the cyclooxygenase inhibitor,
indomethacin, to block the synthesis of prostaglandins. Prostaglandirs are normaliy
released in response to a variety of stimuli. They have been known fo activate Cl secretion
directly via prostanoid receptors located in rat colonic epithelial cells (Brown et al.f 1992).
The present findings demonstrated that indomethacin inhibited the effect of barako! on Isc
by 62%, suggesting that its sustained stimulatory effect on CI secretion was partially
mediated through the release of prostaglandins. The combined presence of indomethacin
and tetrodotoxin nearly abolished (90%) the' stimulatory effect of barakol on CI secretion,
indicating that the direct interaction of barakol with epitheliai cells may account in part for
its response,

The synthesis and release of prostaglandins are known to be part of the
mechanisms of the anthranoid laxatives. Damage to epithelial cells caused by anthranoids
induces the release of histamine and serotonin from monocytes, mast cells and other
intestinal monocytes, leading to increased biosynthesis of prostaglandin (Yagi et atl., 1988;
Nijs et al., 1992). P;ostaglandin release, in turn, accelerates the large intestine transit and
alters fluid absorption and secretion (Leng-Peschlow, 1986). In addition, the release of
inflammatory mediators, especially histamine, is known to stimulate Cl secretion in colonic
epithelivm (Traynor et al.,, 1993; Yue et al.,, 2004). However, inflammatory mediators were
unlikely to be responsible for the actions of barzkol since the histamine antagonist
diphenhydramine did not alter the Isc response to barakol.

From the present findings, it seemed that barakol response was substantially
mediated b)_( enteric nerves within the submucosal plexus. Being insensitive to atropine and
hexamethonium, barakol actions may be mediated by other neurotransmitter substances of
the noncholinérgic pathways. Candidates including vasoactive intestinal peptide (VIP),
substance P and calcitonin gene-related peptide (CGRP) that are among several
neurotransmitters present in enteric nerves and sensory neurons of the small and large

intestine (Cooke, 1994). These substances have been shown to be capable of inducing CI
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and neurotransmitters (McGee et al., 1995; Schmidt et al, 1999). In salivary gland,
stimulation of autonomic nerve lining closely to plasma celfls has been shown to stimulate
IgA secretion (Carpenter et al, 2004). The igA is uptaked by binding to dimeric or
polymeric immunoglobulin receptors located on the basolateral membrane, the receptors
are endocytosed and transported to the apical membrane where it is cleaved to release
into the mucosal solution as secretory IgA (slgA) containing secretory component (SC).
Although the secretory component was not determined in the present sfudy, the IgA
detected in the mucosal solution was likely the sigA. Basically, the increase of total IgA in
the intestinal lumen was due to an increase of sigA. In contrast, the IgA in the basolateral
solution resulted from the locally produced IgA from plasma cells. In our studies, barakol (1
mM) was shown to cause fivefold increase of the total IgA ievel in the apical solutidon and
tenfold increase in the basolateral solutions of colonic epithelium. The IgA responsé by
barakol was observed within 5 min suggesting the acute effect of barakol on the secretion
of pre-existing IgA in the colonic tissues.

in our previous studies, barako! was found to antagonize the inhibitory effect on
norepinephrine-induced smooth muscle contraction (Deachapunya et al., 2005}. It was also
shc;wn in the present study that barakol stimulated CI secretion partially through
noncholinergic motor and sensory neurons. Substance P, vasocactive intestinal peptide and
calcitonin gene-related peptide (CGRP) are deserved to be candidates for mediating the
barakol-stimulated IgA secretion because these substances have been shown to activate
IgA and Ci secretion in large intestine (Cooke, 1994, Schmidt et al., 1999). Although the
exact mechanism of barakol stimulation of IgA secretion is unknown, the increase in igA by
barakol may possibly due to an indirect activation of plasma cells through modulation of
noncholinergic neurotransmission or direct plasma cell activation, resulting in the release of
igA from plasma cells. The increase in IgA secretion reflected the increased serosal IgA.
Furthermore, the more produced IgA may be transported across epithelial cells and
released as secretory IgA in the mucosal solution. In this study, the increase in junctional
permeability was unlikely to account for the leakiness of IgA through paracellular pathway
since the tissue conductance was unchanged upon barakol stimulation. However, the
transportati;q of igA through paracellular pathway could not be excluded in this study.

Since barakol and other secretagogues have been shown to stimulate Cl secretion
as well as IgA secretion, we further investigate whether the secretion of IgA in the colon is
dependent on C! secretion. In this study, the changes of bathing solutions from standard

Ringer solution to Cl -free Ringer solution produced a markedly increase in the mucosal IgA
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and small increase in the serosal IgA. The mechanism responsible for increased IgA
secretion in Cl-free solution was still unknown. However, application of barakol had no
effect on the mucosal IgA, suggesting that barakol-stimulaied IgA secretion across the
colonic epithelium was Ci dependent. About twofold increase in the serosal IgA was
observed in Cl-free solution, indicating the capability of barakol to activate plasma cells
under this condition.

In vivo study, the dramatically increase of the IgA level in caecal content was
observed after intraperitoneally barako!l injection, but not in normal saline injection,
confirming the effect of barakol on IgA secretion in vitro. Although the IgA in blood
circulation was not measured, the locally release of igA from plasma cells was suspected.
Previous study has demonstrated that intraperitoneal injection of barakol inhibits the” orally
bacteria Salmonella enteritidis colonization and translocation to infestinal Peyer's patthes
and spleen {(Poonyachoti et al., 2004). These findings reflect the protective roie of local IgA
on bacterial infection.

IgA is the major immunoglobulin in the mucosal colon and appears to be the first
line for host defense mechanism against external pathogens. The increased IgA level in
response to barakol stimulation both in vitro and in vivo, suggesting an important role of
barakol in enhancement of non-specific mucosal immunity. These findings may be useful
for therapeutic use of barakol in the protection of human and animals from gastrointestinal

bacterial and viral infection.
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FUTURE DIRECTIONS
1. To s_tudy the modulatory effect of barakol on sensory neuron-mediated chloride
secretion in rat colon
2. To study the intracellular signaling pathways of barakol-stimulated C{ secretion.

3. To study the regulation and mechanism of secretory IgA secretion in intestine
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fract

-

present study aimed to investigate the purgative effects of barakal, the purified extract of Cassie siamea Lam., on the longitudinal
h muscle contractions of the rat ileum. The extract increased the force of spontaneous muscle contractions in a concentration-dependent
r (ECsp =0.3mM). Saxitoxin (0.3 M) abolished the stimulatory effects of barakol, a result indicating a neural mechanism of action.
ddition, atropine (10 uM) but not propanoclel (10 pM) or phentolamine (10 wM), partially inhibited barakol-induced smooth muscle
ctions suggesting that cholinergic nerves were involved. The motor effects of barakol were further examined in muscle strips treated
catecholamines to suppress spontanecus contractile activity and decrease muscle tone. Neorepinephrine or dopamine (10 pM) decreased
amplitude of spontancous contractions by 72% and 18%, respectively. Pretreatment of the tissues with barakol (1 mM) significanaly
ased the inhibitory effect of norepinephrine by 60%, but not that of dopamine. its ability to potentiate atropine- and saxitoxin-sensitive
actions and inhibit the antimotility actions of norepinephrine suggests that barakol may increase longitudinal smooth muscie contractions
ecreasing the inhibitory effect of norepinephrine on excitatory cholinergic motor neurons. Barakol may produce a purgative actior: in
Il intestine which may be clinically important in patients with intestinal hypomotility disorders. '
5 Elsevier Ireland Litd. All rights reserved.

wels: Cassio siamea; [ntestinal motility; Constipation

activity, decrease spontancous locomotor activify, increase
smooth muscle tone {(Arunlakshana, 1949) and decrease
blood pressure (Mokasmit, 1981). Barakol was first iso-
lated by Hassanali-Walji et al, (1969) and its chemical
structure (3¢, 4-dihydro-3¢, 8-dihydroxy-2, 5-dimethyl-1,
4-dioxaphenalene or 2,35-dimethyi-3af-pyrano-(2,3,4-de]-
it Asia including Thailand and traditionally used to l-benzopyran-3a,8-diol} was identificd by Bycroft et al.
t insomnia, diabetes, fever, hypertension and consti- (1970). In animal models, barakol produces hypoten-
ion (Satyavati et al, 1979; Kinghorn and Balandrin, sion (Suwan et al., 1992), suppresses serotonergic activ-

2). Alcohalic extracts of Cassia siamea have Deen ity as shown by decreasing 5-hydroxytryptophan-induced

wn to possess central nervous system (CNS) depressant head shake behavior (Tongroach ct al, 1992) and pos-
sesses anxiojytic activity on the elevated plus maze, a

behavioral test for anxiolytic drugs (Thongsaard et al.,

ilntroduction

| Barakol is a biclogically active constituent extracted
the leaves and flowers of Cassia sigmea Lam. (or

na siamea Lam. [rwin & Barneby) of the family Cae-
iniaceae. This plant is widely culitivated in south-

E

l"_’:’b""""‘”"ﬂ”-"? CNS: ceniral nervous sysiem; DA, dopamine; ENS, 1996). Barako! also suppresses K*-stimulated endogenous

Beric nervous system; NE, norepinephrine . 3 . . .

! Corresponding author. Tel.; +66 2 260 2122 4x470}; dopamine release from striatal slices of the rat brain

& +66 2 260 1533, ' (Thongsaard et al.,, 1997). These data suggest that barako)
can alter CNS activity. However, little 1s known about its

E-mail address: chatsri@swa.ac.th (C. Deachapunya).

[18-8741/% — see front matter ® 2005 Elsevier irelang Lid. All rights reserved.
12101016/, jep.2005.04.017
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of barakol action.
astrointestinal secretory and motor functions are reg-
d by the enteric nervous system (ENS; Guyton and
I, 1996). The myenteric ganglionated plexus (also termed
!trbach s plexus) within the ENS modulates propuisive
practivity along the intestinal tract. Stimulation of enteric
Fh'nergic neurons within the gut wall as well as those origi-
fing in the vagus increases intestinal motility by promoting
kistalsis. On the other hand, noradrenergic neurotransmis-
fn in the gut is generally associated with decreased motility
snge, 1996; Curry and Tatum-Butler, 1996). Decreases
lintestinal motility induced by psychological stress or
lopathic constipation may be mediated by norepinephrine
}E) and possibly the related catecholamine, dopamine (DA;
ukada et al,, 2002). Catecholamines may reduce motility
ugh direct actions on intestinal myocytes or by suppress-
Locxcitatory neurotransmission to smooth muscle (McEvoy,
Il). As barako! modulates dopaminergic transmission in
BCNS, itis possible that it may alter the inhibitory effects
lcatecholamines on intestinal motor function. Therefore,
§ aim of the present study was to investigate the effect
fharakol on spontaneous longitudinal smooth muscle con-
lctions in the isolated rat ileum. An additional objective
iu. to determine the mechanism by which barakol alters
: inhibitory actions of NE and DA on smoocth muscle
tractilicy.

fects on the peripheral nervous system, ancther potential
G

Materials and methods
. Drugs and chemicals

Barakol was extracted and purified from Cassia siamea in

laboratory as previously described (Thongsaard et al.,
'D]). Briefly, a Cassia siamea plant was collected from
iLadkrabang area of Bangkok, Thailand in August. The
fharium specimen was authenticated by Wongpakam §.,
'phm taxonomisy, deposited, and given voucher specimen
friber A011432 by the Department of Botany, Faculty of
fence, Chulalongkorn University, Bangkok, Thailand. The
ivcs and flowers were cut into small pieces and boiled twice
1}.5% sulfuric acid for 30 min. The mixture was blended, fil-
d, and alkalinized with concentrated sodium bicarbonate
{i subsequently extracted with chloroform. The chloroform
ract was further concentrated with 5% acetic acid and neu-
ized with 25% ammonium hydroxide. The crude barako}
ract was obtained as greenish crystallized yellow needles

10.3% yieid. Concentrated hydrochloric acid was finally
2d to obtain barakol hydrochloride and the mixture was
led by vacuum filtration to form yellowish crystals of anhy-
bus barako! hydrochloride. The purity of the compound
Is confirmed by thin Jayer chromatography on silica gels
# nuclear maguetic resonance. When anhydrous barakol
lirochloride was dissolved in water, it converted to barakol
it solution at pH 3—4 in the stock concentration of 50 mM.

Prior to each experiment, barakol was freshly dissolved in
normal saline solution, kept on ice and in the dark to prevent
oxidation, and used within 3 h after preparation.

Arterenol bitartrate (norepinephrine), atropine sulfate,
acetylcholine, dopamine hydrochioride, propanolol, phento-
lamine and saxitoxin were purchased from Sigma Chemical,
St. Louis, MO, USA. Other chemicals and analytical grade
salts were purchased from Fisher Scientific, Loughborough,
UK. All drugs were dissolved in distilled water and main-
tained in concentrated stock solutions. Aliquots were diluted
immediately before the start of each experimental session.

2.2, Animals

Male Wistar rats (250-300g) were obtained from the
National Laboratcry Animal Center, Thailand. They were
housed in stainless-steel cages in aroom witha 12 hlight:12 h
dark cycle and allowed access to food (National Labora-
tory Animal Center, Thailand) and tap water ad libitum. All
animals were sacrificed by decapitation. After a laparotomy
ingision, a portion of the ileum was removed and placed in
an oxygenated physiological salt solution approximating the
composition of rat extracellular fluid (compesition in mM:
18 NaCl, 4.7 KCJ, 2.5 CaClp, 0.5 MgCl,, 25 NaHCO3, 1.0
NaH;PQOq, 11 D-glucese; pH 7.4).

2.3 Measurement of smooth muscie contractility

lleal segments were longitudinally cut along the antime-
senteric border and placed in oxygenated ice-cold physio-
logical salt solution. They were pinned out as . ap, with
the mucosa uppermost and a 3 x 10 mm muscle strip was
cut parallel to the Jongitudinal muscle layer of the ileum.
The strip therefore contained the longitudinal smooth mus-
cle, from which isometric recordings were made, as well as
the circular smooth muscle and both the myenteric and sub-
mucosal plexuses.

Intestinal strips were oriented in the plane of the longitu-
dinal muscle and mounted in 15 ml organ baths containing
physiological salt solution that was gassed with 95% O3 and
5% CO2 and maintained at 37 °C. Tissues were mounted
under an initial tension of 9.8 millinewtons (mN). Strips were
equilibrated for 45 min and the bathing media was changed
every 15 min. Mechanical activity was recorded isometrically
with a strain gauge force transducer (Maclab Model FT-100,
AD Instruments, NSW, Australia) connected to a BRIDGE
amplifier and a MacLab® 4S A/D converter (AD Insiru-
ments) and monitored with a 400 MHz PowerPC Maclntosh
computer.

The average peak amplitude and frequency of contractions
occurring after administration of each drug or drug concen-
tration was determined and compared to average contraction
amplitudes measured prior to drug administration. Due 1o the
acidity of the barakol solution, the effect of 0.1 M hydrochlo-
ric acid was determined on spontaneous muscle contrac-
tions as a drug-free vehicle control. Hydrochloric acid, in a
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ime equivalent to that of the barakol solution (200 1), did
produce changes in either the amplitude or frequency of
Mansous muscle contractions. In experiments with cate-
ines, | mM barakol was added to the bathing medium

n before addition of 10 uM NE or DA. In experiments
pharmacological blocking drugs, 10 uM of propanolol,
tolamine, or atropine or 0.3 pM of saxitoxin was admin-
id 10 min before addition of barakol or catecholamines.

b Data analvsis

IThc results were expressed as mean £ S5.EM, with »
fibting the number of tissue preparations tested and A the
&l number of animals used in each experiment. Significant
F:rences between a single control and treatment means
i analyzed by paired or unpairad two-tailed Student’s (-
#s. P<0.05 was considered statistically significant. Data
e analyzed using the PRISM software program (Graph-
fl Software, Inc., San Diego, CA, USA).

Results

L Effects of barakol on spontaneous longitudinal
veth muscle contractions

Intestinal strips oriented in the plane of the longitudinal
kcle exhibited spontaneous, phasic contractions without
pificant oscillations in tone. After a 45 min equilibration
iod, the average amplitude of longitudinal contractions
§13.23 +0.10 mN relative to baseline tensien in a repre-
fative group of 78 tissues from 16 rats.
Barakol, at a bath-concentration of I mM, increased the
e of muscle contractions which reached a maximal ten-
fi within 1-2 min without significant changes in contrac-
i lrequency. The maximal force of contraction was main-
ted up to 3 min and then gradually returned to pre-dmg
eline values (Table |, Fig. 1A). Barakol increased sponta-
s contractions of ileal strips in a concentration dependent
aner with an ECsg value of 0.3 mM (r=4-22 ussues,
:4-8 rats) (Fig, 2). It was 600-fold less potent in increas-
contractions than acetylcholine, which had an ECsg
pe of 0.5 uM (n =4-15 ussues, N =4-6 rats). Barakol was
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Fig. 1. Representative tracings of spontaneous ileal smooth musele centrac-
tons in response 1o barakol treatrment. (A) Effect of | mM barakol alone.
(B} Lack of effect of barakol in a tissue pretreated with 0.3 pM saxitoxin, a
neura! Na* channel blacker. (C) Partial inhibition of barakoel aciion in a eis-
sue pretreated with the muscarinic cholinergic antagonist atrapine (0 M),
Records are representative of responses in 4-28 tissues from 4-9 rats.

also less effective in increasing contraction amphitude than
acetylcholine. At a concentration of 1 mM, it produced a
48.03 £ 8.76% increase in contraction amplitude relative 1o
baseline values measured prior to barakol addition (n=20
tissues, N =5 rats). In comparison, 1Q wM acetylcholine pro-
duced maximal contractions that were 180.90 4 26.29% over
baseline (# =28 ussues, N=4 rats). Barakol (I mM) did not

effect of various drugs on the amplitude of longitudinal smooth muscle contractions in rat ileal strips

n N rats Before drug ireatment® After drug treatment® Average change”
tylcholine (10 wM) 4 12.35 £ 1.08 34.69 £ 3.63° 22.34 * 2.84
kol (1 mM) 5 941 + 0.89 13.92 + 0.7¢ 452 + 0.78
epinephrine (10 M) é 11.66 & 2.65 3.23 + 1.08° -B.33 + 2.84
wrrine {10 wM) i 6 i0.29 = 0.88 8.43 £+ 0.98" —1.86 + 0.69
rine (10 M) 9 12.45 £ 0.69 1049 £ 0.59° -1.96 £ 0.39
annlol (10 M) 7 12.74 £ 0.78 12.54 £ 0.78 —0.20 + 0.01
nislamine {10 M) 4 1362 + 1.18 13.97 £ 1.18 0.29 £ 0.20
ftexin (0.3 pM) 4 7.64 £+ 0.88 7.55 + 0.88 =0.01 £ 0.01

Values renresent the mean = S.E.M ampliwde of spoataneous smooth muscle contractions, expressed in miilinewtons.

1< (.05 compared lo contractile force before drug treatment (Siudent’s r-test).



4 isometric contractions in rat ileal sirips. Each point represents the
it 5 E.M change in isometric tension in response 10 each concentration
el relative to the amplitude of spontaneous ¢entractions occurring
ririg administration. The data were obtained in 415 tissues from 4-9

#ilie concentration—effect relationship of acetylcholine
Wiizasing intestinal contractions.

Eifecis of pharmacological blockers on
tineous longitudinal smooth muscle contractions

W #ssess the mechanisms underlying the procontractile
g of barakol on intestinal strips, its action was exam-
iy tissues pretreated with different pharmacological
=15, At 0.3 uM, the axonal conduction blocker saxi-
thad no effect on the amplitude of basal contractions;
bever, it completely inhibited the stimulatory effert of
kol on muscle centractions by 98% (n=4 tissues, N=4
. At a bath concentration of 10 M, neither the a-
mceptor blocker phentolamine nor the B-adrenoceptor
ther propanolol altered the amplitude of smooth mus-
nrractions under baseline conditions or after treatment
barakol. The muscarinic cholinergic receptor blocker
ine (10 wM) decreased the amplitude of spontaneous
getions by 14.60 £ 2.50% of initial values (n =28 tis-
N =9Yrats; Table 1 }and abolished the contractile effect of
lzholine. Barakol-induced spontaneous muscle contrac-
iwere decreased by 41.80 £ 1.20% in tissues pretreated
itropine (1 =28 tissues, N =9 rats; Fig, 1C).

Effects of barakol on norepinephrine- or
mine-suppressed smooth muscle contractions

¢ catecholamines NE and DA, at bath concentrations
ming from 0.1-10 uM, decreased the force of sponta-
Ws contractions in a concentration-dependent manner.
10 uM, NE and DA decreased contractile force by
57 4 14.94% (n =9 tissues, N = Grats) and 17.67 £ 3.93%,
=14 tissues, N = 6 rats) respectively (Table 1). Pretreatment
sues with 1 mM barakol decreased the inhibitory action
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Fig. 3. (A) Effect of barakol on muscle contractions suppressed by cate-
cholamines. (A} Dopamine (DA) or norepinephrine (NE) at a bath concentra-
tion of 10 uM inhibited spontancous musele conractions by |8% and 73%.
respectively. In tissues pretreated with | mM barako), DA or NE respec-
tively inhibited the amplitude of spontaneous muscle contractions by 2%
and 29% (P < 0.05) relative (o the contraction amplitude determined prior o
catecholamine administration. {B} The concentration—response relationship
of NE in depressing the amplitude of spontaneous coniraciions in tissues
untreated () or pretreated (@) with 0.5 mM barakol. Barakel produced a
3-foid dextral shift in the NE concentration-effect curve without diminishing
the maximum effect preduced by NE. Values represent the mean = S.E M
percentage of inhibition produced by NE based on the amplilude of the
spontaneous centractions measured prior 10 NE addition.

of 10 pM NE from 72.57 &+ 14.94% (1 =9 tissues, N = 6 rats)
t0 29.02 +4.32% (n="T tissues, N=4 rats, P <0.05). In con-
trast, barakol pretreatment did not significantly decrease the
inhibitory action of 10 uM DA (Fig. 3).

At a bath concentration of 0.5 mM, barakol decreased
the potency of NE in inhibiting spontaneous contractions
(ECsp for NE in absence and presence of barakol =0.92
and 2.80 wM, respectively; n=7-11 tissues, N=5-7 rats,
Fig. 3B). However, it did not alter the maximum
inhibitory effect of NE on spontaneous muscle contrac-
tions (96.41 £ 3.76 and 104.2 + 8.64% in absence and pres-
ence of barakoel, respectively; n=7-11 tissues, ¥ = 5-7 rats).
Barakol had no significant effect on either the potency
and maximal inhibitory effect of DA on contraction ampli-
tude (DA ECsg=12.4 and 15.3 pM, maximal inhibition of
97.81+12.21 and 102.41 3= 4.10%, respectively in absence
and presence of barakol; n =15 tissues, N =15 rats).



Anthranoids derived from herbal plants are widely used as
utives. The most well-known anthranoid laxatives, the sen-
Wides, are extracted from the Jeaves, roots, pods or even the
ole plant of the species including Cassia siamea, Cassia
tand Cassia acutifolia. Other bioactive anthranoids may
m after metabolic processing by commensal bacteria in the
B¢ intestine, after extraction from different parts of Cas-
nlants, or as a result of the method chosen for extraction
Minz, 1993). Barakol, extracted from young leaves of the
sia spp. plant, is a chromone that is not related chemically
anthranoids (Bycroft et al., 1970). 1t alters dopaminergic
serotonergic transmission in the CNS (Thongsaard et ai.,
I7; Grider ctal, 1998). Given the overlapping complement
seurotransmitters in the CNS and ENS (Hansen, 2003),
hypothesized that it would potentially alter enteric neu-
nsmission as well. Indeed, receptors for plant-derived
khotropic drugs such as the cannabinoids or opioids are
nt in the ENS and mediate gastrointestinal function
mwee, 2001; Kromer, 1990). Although Cassia siamea
preparations have been traditionally used as laxative
s, the barakol extract has never been assessed for laxa-
activity.
e use of intestinal muscle strips in this in vitro study per-
ied us to examine the direct intestinal actions of barakol
e absence of drug-biotransforming bacteria or metabolic
inis. The observation that barakol affects intestinal motor
ttion in vitro indicates that it is biologically active per
d does not require bioactivation by the intestinal flora
fetabolic processcs. This stainds in contrast to the anthra-
i which must be converted to biologically active aglycon
wone metabolites by intestinal flora {De Wite and Lemli,
U). However, information pertaining to pharmacokinetics
pharmacodynamics of barakol in vivo will be needed to
sort its potential therapeutic applications.
Lsing the isolated longitudinal smooth muscle contrac-
assay, barakol was found to augment spontaneous muscle
Factions, but was considerably less potent and effective
acetylcholine. Furthermore, it did not alter the potency
sximum contractile effects of acetylcholine, This finding
ests that barakol does not impair cholinergic neurotrans-
sion in intestinal strips. Indeed, the contractile effects
arakol were inhibited by both saxitoxin and atropine,
sl indicating thar barakol may increase the force of
sth muscle contractions in part by facilitating cholinergic
smission at myoncural junctions. Its action may be medi-
by excitatory neurotransmitter substances in addition
tyicholine. Substance P, serotenin, and histamine are
pg several enteric neurotransmitters which stimulate con-
ions In gastrointestinal smooth muscle (Hansen. 2003).
imvolvement of excitatory, non-cholinergic transmitters
rakol action 15 a subject worthy of future study.
pontaneous muscle contractions were not affected by
B-adrenergic antagonists and it is therefore unlikely
irndogenous NE tonically modulates motor function, at

C. Deachapunya el al. / Journal of Ethnopharmacology 101 (2003) 227-232 231

least i the intestinal strip preparation. Nevertheless, adren-
ergic nerve fibers innervate both myenteric neurons and the
intestinal smooth muscle and NE affects several gastrointesti-
nal functions, including intestinal meotility (Liu and Coupar,
1997). Indeed, NE has been implicated as a causal factor
in some dysmotility syndromes, such as postoperative ileus
or constipation. NE inhibited the amplitude of spontaneous
contractions to a greater degrec than DA. The antimotility
effecis of NE have been attributed to direct relaxant actions
on smooth muscle cells and an indirect action 1o decrease
the release of acetylcholine and other excitatory transmitters
at myoneural synapses (Bolton, 1979). Barakol significantly
decreased the inhibitory effect of NE but not DA on con-
traction amplitude. It siightly decreased the potency, but
not the maximal effect produced by NE and did not alter
the concentration—effect rzlationship for DA in depressing
smooth muscle contractions. It is possible that barakol might
act either as a2 weak adrenoceptor blocker or more likely. as a
functional antagonist of NE action, buethis hypothesis must
be tested through further pharmacological analysis.

In general, the mechanisms of action of stimulant laxatives
including the anthranoid derivatives encompass two indepen-
dent mechanisms: increases in colonic motility, and alter-
ations in celonic absorption and secretion (Leng-Peschiow,
1986). Barakol action was not investigated in a colonic
smooth muscle preparation, but it is conceivable that barakol
could possess antimotility activity in this gut segment as it
does in the iteum. The effects of barakol on colonicabsorption
and secretion are presently under mvestigation. Furthermore,
it remains to be determined whether the stimulatory effect
of barakol on smooth muscle contractions in viiro can be
extrapolated to an acceleration of intestinal transit in vivo. If
it is proven to stimulate coordinated intestinal motor activ-
ity, barakol may represent an herbal laxative that is superior
to the anthranoids. Indeed, the biologically-active anthranoid
rhein anthrone appears to increase gut motility at least in part
by damaging epithelial cells in the intestinal mucosa which
in turn elicits the release of motility-enhancing cytokines
or inflammatory mediators such as histamine and serotonin
from monocytes, mast cells and other intestinal immunocytes
{Nijsetal, 1992; Siegers et al., 1993). Epithelial cell damage
may be involved in the increased incidence of colanic ade-
nocarcinoma that has been associated with the chronic use of
anthranoid laxatives (Siegers et al., 1993).

I summary, the results of this study clearly demonstrate
that barako! increases the amplitude of spontaneous smooth
muscle contractions in the 1solated rat ileurn. These results
provide a pharmacologicat basis for the use of barakoi, a
biolegically active compound extracted from Cassia siansea,
as an herbal medicine for treatment of intestinal hypomeutl-
ity. Although the precise mechanism(s) underlying the pro-
motility actions of barako! require further characterization,
it may be concluded from this study that barakol may act
by promoting the release of stimulatory neurotransmitter
such as acetylcholine or suppressing the effects of ininbitory
transmitters such as norepinephrine on intestinal smooth



ik tontractility. Adrenergic receptor blockers adminis-
5 combination with cholinergic agonists have effec-
Been nsed to alleviate postperative ileus or constipation
jon and Passarc, 1990). The promotility actions of
Il may have clinical importance, particularly in dys-
by flates involving elevated sympathetic outflow to the
il tract, such as those secondary to stress and chronic
constipation.
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RACT
| is a purified extract of Cassia siarmea, a plant that has
used as a laxative in traditional medicine. In this study, the
Bt of barakol on anion transport across the rat colon epi-

m was investigated. Golonic epithelium was mounted in
g chambers and bathed with Ringer's solution. Addition
1 mM barakol to the basolateral solution produced a slow
se in short-circuit curent (Isc) in proximal colon and
al colon by 24.5 = 2.2 and 24.2 = 1.4 uAfem?, respectively.
{ increased lsc in a concentration-dependent manner
1an EC,,, value of 0.4 mM. The barakol-stimulated increase
was inhibited by subseqguent treatment with 500 uM

nylamine-2-carboxylic acid or 400 pM glibenclamide
ad to the apical solution and 200 wM bumetanide added to
besolateral solution. Pretreatment of the tissues with 200

-

wM bumetanide, but not 10 uM amiloride, completely abol-
ished the barakol-increased Isc. lon substitution experiments
showed an inhibition of barakol-stimulated Isc in chloride-free
solution but not in bicarbonate-free solution. In addition, pre-
treatment of tissues with 10 uM tetrodotoxin or 10 uM indo-
methacin, but not 1 uM atropine or 10 pM hexamethenium,
partially inhibited the Isc response by barakol. The present
results demonstrated the stimulatory effect of barakol on the
bumetanide-sensitive chloride secretion in rat colon. The effect
of barakol was partly mediated by the stimulation of submuco-
sal nerves and through the release of cyclooxygenase metab-
olites. These findings thus provide an explanation for the
underlying mechanism of barakol as a secretagogue in mam-
malian colon.

Barakol is a hiologically active compound extracted from
es and flowers of Cassia siamea, a plant that has been
itionally used for the treatment of fever, skin disease,
stipation, diabetes, hypertension, and insomnia (King-

and Balandrin, 1992). It was originally extracted by
sanali-Walji et al. in 1969. Its chemical structure was
sntified as 3e,4-dihydro-3a,8-dihydroxy-2,5-dimethyl-1,4-
xaphenalene (C,;H,,0,) or 2 5-dimethyl-3aH-pyrano-
s4-del-1-benzopyran-3e«,8-diol (Fig. 1), and a proposed
thetic procedure was described in 1970 (Bycroft et al.,

70). In animal model studies, barakol has been shown to

ss hypotensive activity (Suwan et al., 1992) and seroto-
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rRG4680195) awarded to C.D,

This work was presented as a poster in the 14th World Congress of Phar-
Beology Meeting; 2002 July 7-12, San Francisco, CA [Deachapunya C,
r:):ngsaard W, and Poonyachoti 8 (2002} Barakol stimulates chloride secre-
la in rat colon. The Pharmacologist 44:A385].
| Article, publication date, and citation information can be found at

Jfjpet.aspetjournals.org.

doi:10.1124/jpet. 105084210,

nergic receptor antagonist activity (Tongroach et al., 1992),
and it appears to function as an anxiolytic in exploratory
behavioral activities (Thongsaard et al., 1996). Further in
vitro studies in the central nervous system have found that
barakol inhibits K*-stimulated dopamine release from stri-
atal slices of rat brain (Thongsaard et al., 1997). Recent
studies in our laboratory have shown that barakol increases
smooth muscle contraction in the isolated rat ileum under
basal conditions and during electrical field stimulation. In
these studies, barakol was found to inhibit norepinephrine-
suppressed smooth muscle contraction, suggesting a role for
barakol as a prokinetic drug (Poonyachoti et al., 2002).

The colonic epithelium plays an essential role in the ab-
sorption and secretion of water and electrolytes. Its transport
function is regulated by a variety of neurotransmitters, hor-
mones, and inflammatory mediators. Under basal conditions,
the colonic epithelium absorbs fluid from the lumen into the
circulation, and this process is driven by energy-dependent
Na™ transport. In contrast, colonic secretion is activated by
secretagogues that enhance Cl™ transport mechanisms,

BBREVIATIONS: DPC, diphenylamine-2-carboxylic acid; DIDS, 4,4-diiscthiocyanatostilbene-2,2-disuifonic acid; PD, potential difference; ls?,
hort-circuit current; G, tissue conductance; TTX, tetrodotoxin; CFTR, cystic fibrosis transmembrane conductance regulator.




Fig. 1. Chemical structure of barakol.

jich in turn create electrochemical and osmotic driving
tes for passive cation and water movement into the lumen
hnzelmann and Mall, 2002). Decreased secretory function
lereased fiuid absorption by the colon is typically associ-
il with constipation. Since Cassia siamea has been used as
ixative, we hypothesized that its active ingredient, bara-
| may exert a laxative effect by stimulating chloride secre-
& andfor inhibiting NaCl absorption across the colonic
fthelium. Therefore, the aim of the present study was to
estigate the effect of barakel on ion transport across the
| tolon epithelium and to determine the mechanisms in-
!ved in barakol action.

Materials and Methods

lant Extraction. Barakel was extracted and purified from Cas-
samea by a method modified in our laboratory (Thongsaard et
2001). Briefly, fresh young leaves and flowers of Cassia siamea
Lobtained from Ladkrabang, Bangkok, Thailand. The herbarium
ens were authenticated, deposited, and zi-en the voucher
Emen number A001432 by the Department of Botany, Faculty of
ce, Chulalongkorn University, Bangkok, Thailand. They were
linto small pieces and boiled in 0.5% sulfuric acid for 30 min. The
fiire was blended, filtered, and alkalinized with concentrated
!ECOs and then extracted with chloroform. The chloroform extract
|8 further concentrated with 5% acetic acid and neutralized with
% ammoniom hydroxide. The crude barakecl was obtained as
nish crystailized vellow needles with a 0.3% yield. Concentrated
rochlorie acid was finallv added to obtain barako! hydrochloride,
#l the mixture was dried by vacuum filtration te form yellewish
mtallized anhvdrobarakol hydrochloride. The compound was
b¥n to be a single chemical using thin-layer chromatography on
fza gel, and the identification was confirmed by nuclear magnetic
jmance. Barakol was dissolved in distilled water immediately
fire testing its activity. When anhydrobarakol hydrochloride is
olved in water, the reaction is reversed, and the product uzed in
\the biologieal experiments is a barakol selution with a pH of 3 to
it the stock concentration (50 mM) (Thongsaard et al., 2001). In the
jeriment, barakol was freshly dissolved in normal saline, wrapped
{h aluminum foil, and kept on ice, and it was used within 3 h after
praration.
Chemicals. Tetrodotoxin, atropine sulfate, hezamethorium,
piloride, glibenclamide, diphenylamine-2-carboxylic acid (DPC),
ldiisothiocyanatostilbene-2,2-disulfonic acid {DIDS), bumetanide,
lyphendamine, indomethacin, acetazolamide, and high-purity
ke salts were obtained from Sigma-Aldrich (St. Louis, MO). all
fmicals were made in aliquots and kept at —20°C before use. Some
emicals were dissolved in dimethyl sulfoxide, the final dimethyl
_*,Euxide concentration of which was less than 0.1% (v/v).
Animals and Tissue Preparation. Male Wistar rats (250-300
were obtained from National Animal Center, Mahidoel University,
kgkok, Thailand. They were housed in stainless steel cages in a
i with a 12-h light/dark cycle and allowed free access to food and
ier. Al} animals were taken care of in accordance with the Inter-
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national Guiding Principles for Biomedical Research Involving Ani-
mals provided by the National Research Council of Thailand.

For the experiment, rats were sacrificed with a small animal
decapitator (Harward, Kent, UK). After a laparotomy incision, the
whole colon was removed, rinsed, and placed in an ice-cold oxygen-
ated Ringer’s solution (118 mM NaCl, 4.7 mM KCIl, 2.5 mM CaCl,,
0.5 mM MgCl,, 26 mM NaHCOQO,, 1.0 mM NaH,PQ,, and 11 mM
p-glucese; pH 7.4). The colon was longitudinally cut close to the
mesentery, and the serosal muscle layers were carefully stripped
away by blunt dissection to obtain 2 mucesa-submucosal prepara-
tion. The appearance of palm-like foldings was used to distinguish
between the distal and proximal colon.

Measurement of Electrical Parameters. The mucosa-submu-
cosal preparation was mounted in Ussing chambers (0.62 cm?®
bathed on the apical and basclateral sides with identical Ringer's
solutions at 37°C and gassed with 95% O, and 5% CO,. Transepi-
thelial potential difference (PD) and short-cireuit current (Ise) were
measured with the use of an EVC-4000 voltage-clamp amplifier
(World Precision Instruments, Inc., Sarasota, FL), using Ag/AgCl,
electrodes connected to the bathing solution.via agar bridges. Tissue
conductance (G) was calculated using Ohm's law (G = Is¢/PD). The
tissues were continuously short-circuited, except for a brief interval
of open-circuited readings before and after adding any chemicals.
The data from the voltage clamp was connected to a MacLab 45 A/D
converter and recorded with a 400-MHz PowerPC Macintosh. After
mounting, the tissues were equilibrated for at least 30 min to achieve
a stable Isc before the addition of chemicals. Positive Isc corre-
sponded to the movement of anions from the serosal te mucosal
compartments or movement of cations from the mucosal te serosal
compartments or a combination of both. In the anion replacement
experiments, gluconate salts were substituted for chloride, and 20
mM HEPES buffer was substituted for HCO;. Experiments under
HCOj; -free and C1™-HCO; -free conditions were performed ia the
presence of 100 uM acetazolamide and bubbled with 100% O,.

Data Analyses. All values were expressed as means and standard
error of mean {S.E.M.); n was the number of different tissue prepa-
rations, and N was the number of animals in each experiment. The
increase 1n Ise was gquantified by subtracting the peak of an Isc
response from its respective baseline value before drug administra-
tion. The statistical differences between control and treatment
means were analyzed using Student’s paired or unpaired ¢ test when
appropriate. The differences among groups were analyzed using a
ope way analysis of variance followed by Dunnet{’s multiple compar-
ison. A p value of less than .05 was considered statistically signif-
icant.

Results

Under basal conditions, after an equilibration period of 30
to 45 min, the distal colon showed average Isc, PD (lumen
negative}, and G values of 35.5 * 2.4 pAfem?, -3.7 + 0.3 mV,
and 11.0 + 0.8 pS/fem?® (n = 44 tissues, N = 17 rats), respec-
tively. The proximal cclon exhibited average Isc, PD, and G
values of 39.6 + 5.1 pAfem?, ~2.7 £ 0.3 mV, and 15.3 = 1.5
pS/em? (n = 17 tissues, N = 12 rats), respectively.

Effect of Barakol on Isc. Addition of 1 mM barakol to the
basolateral solution produced a slow increase in Ise, which
peaked in 5 to 10 min and was sustained for 30 to 45 min
(Fig. 2A) before it gradually returned to the baseline level.
The maximal increase in Isc produced by barakol was 24.4 *
2.0 pAlem?® (n. = 33 tissues, N = 18 rats) in distal colon and
24.0 * 46 pAlem?® (n = 10 tissues, N = 7 rats) in proximal
colon. The tissue conductance at the maximal barakol re-
sponse was not different from its corresponding baseline
value (control, 13.3 + 1.0 pS/cm?; after barakol, 12.8 = 1.0
pSiem®, n = 35 tissues, N = 18 rats). Addition of 0.01 M
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1 2. Effect of barakol on Isc in rat colon epithelium. A, representative
Hdings of the Isc response produced by addition of 1 mM barakel (Bak)
e basolateral solution. B, concentration-response relationship for
pkol-stimulated Isc. The EC,, value was 0.4 mM. Each point repre-
fed mean = S E.M.

Irochloric acid in equal voluine to barakeol solution (200 ul)

not. alter any baseline electrophysiological parameters.
ce the tracings and maximal Isc responses to barakol in
distal and proximal colon were not different, the rest of
experiments were performed using distal colon unless
grwise stated. Barakol (10 uM-3 mM) induced a cumula-
| concentration-dependent increase in Is¢ with an appar-
EC,, value of 0.4 mM (n = 9 tissues, N = 5 rats; Fig. 2B).
tbarakol-induced increase in Isc was corapletely inhibited
he CI™ channel blocker DPC (500 uM; n = 4 tissues, N =
its; Fig. 3A} and partially inhibited by glibenclamide (400
i added to the apical solution. Glibenclamide produced a
5§ * 11.0% decrease in barakol-stimulated Isc (n = 5
ues, N = 4 rat; Fig. 3B). In contrast, the barakol-stimu-
ul increase in Isc was not affected by a subsequent addi-
Lof DIDS to the apical solution (n = 5 tissues, N = 4 rats).
iolateral addition of bumetanide (200 pM), a Na*-K*-
~ cotransporter inhibitor, completely suppressed the
akol-stimulated Isc (rn = 5 tissues, N = 4 rats; Fig. 3C).
1 Isc response to barakol did not significantly change in
presence of the Na™ channel blocker amiloride (10 pM;
| 4A) in the apical solution (control, 33.5 = 6.8 pA/em®,
: 6 tissues, N = 4 rats; after amiloride, 32.5 *+ 10.1
em?, n = 3 tissues, NV = 3 rats). In contrast, pretreatment
issues with bumetanide (200 pM; Fig. 4B) aholished the
akol-induced increase in Isc, from 33.5 * 6.8 pA/em® (n =
ssues, N = 4 rats) to 1.0 = 3.6 pA/em® (n = 3 tissues, N =
its, p < 0.01; Fig. 4C).
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Fig. 3. Effect of Cl” channel blockers and a Na™-K"-2C1" cotransport
blocker on the barakol-stimulated Isc. Representative recordings of the
Isc response produced by basolateral addition of 1 mM barakol (Bak) were
inhibited by (A) apical addition of 500 uM DPC, (B) apical addition of 409
pM glibenclamide (Gli}, or (C) basolateral addition of 200 uM bumetanide
(Bum).

Effect of Ion Substitution on Barakol-Increased Isc.
Ion substitution experiments were performed to determine
the ionic basis of the Isc response induced by barakol. In
normal Ringer’s solution, barakol at a concentration of 1 mM
produced a mean increase in Isc of 31.1 * 2.8 pA/em?® (n = 24
tissues, N = 13 rats). Replacement of C1™ in both apical and
basolateral solutions significantly inhibited the maximal Isc
response to barakol (7.8 2 0.6 pAfem?, n = 8 tissues, N = 6
rats, p < 0.05), whereas replacement of HCO3 had no effect
on the maximal barakol-induced Isc (29.4 * 2.6 pA/em®, n =
5 tissues, N = 4 rats). Replacement of both C1™ and HCO,
significantly inhibited the maximal Isc response to 2.6 = 0.7
phAfem? (n = 5 tissues, N = 4 rats, p < 0.05; Fig. 5).
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ts of Submucosal Neuronal Blockers and Indo-
iacin on Barakol-Increased Isc. To assess whether
kol activation of Cl~ secretion was mediated by submu-
I neurons and prostaglandin synthesis, the tissues were
reated with neuronal blockers or indomethacin for 5 min
swed by basolateral addition of barakol (1 mM). The effect
kol alone on control tissues is shown in Fig. 6 (30.4 *
em® n = 22 tissues, N = 11 rats). Tetrodotoxin (TTX;
M} significantly decreased the basal Isc from 51.9 + 13.0
B2 + 9.9 uAfem?, and the subsequent addition of barakol
dfed in an Ise response that was 60% lower than that in
il tissues (11.8 = 4.2 pAfem®, n = 5 tissues, N = 4 rats,
0.05). In contrast, pretreatment with the musearinic
gplor antagonist atropine (1 M) in the basolateral solu-
0 did not significantly change the basal Isc or reduce the
kol-induced increase in Ise (24.7 + 6.4 pAfem?® n = 4
nes, N = 4 rats). In addition, hexamethonium pretreat-
ut (10 uM) did not significantly alter the barakol-stimu-
Wl Isc (n = 5 tissues, N = 4 rats; data not shown). Pre-
ent of tissues with the cyclooxygenase inhibitor
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Fig. 6. Effect of CI~ and HCO; substitution on the barakol-stimulated
Ise. In standard Ringer’s solution (NR), barakol at a concentration of 1
oM preduced a mean inerease in Isc of 31 pA/em?®. Replacement of Ci~ (Cl
free) or both C1” and HCOj; (CI-HCO, [ree) inhibited the maximal Ise
response to barakol by 74 and 91%, respectively, whereas replacement of
HCO; (HCO, free) had no effect on barakol response. Values were
means * 5. E.M. x, P < 0.01 when compared with the confrol value of NR.

indomethacin (10 uM) in both apical and basolateral solu-
tions significantly reduced the barakol-stimulated Isc re-
sponse by 60% (12.3 = 7.1 pAlem?, n = 7 tissues, N = 6 rats,
p < 0.05). The barakol-stimulated Isc response was de-
creased by 90% in the presence of indomethacin and TTX
(4.95 = 1.1 pAfem® n = 4 tissues, N = 4 rats, p < 0.05; Fig.
6). In addition, pretreatment with 10 uM dihyphendamine, a
histamine (H,) receptor blocker, did not change the barakol-
stimulated Isc (n = 3 tissues, N = 3 rats; data not shown).

Discussion

In the present study, the direct effect of barakol on the ion
absorption and secretion was studied in vitro using serosal
muscle-stripped colonic epithelium. Barakol was shown to
increase Isc in both proximal and distal colon by the same
magnitude. The increased Isc was due to an activation of C1™
secretion. This was supported by the findings that Cl™ chan-
nei blockers, DPC and glibenclamide, inhibited the barakol-
induced increase in Ise. In ion substitution experiments, the
barakol-stimulated Isc was abolished in Cl -free solution
and further inhibited in CI™- and HCOj -free solutions. In
addition, pretreatment with the loop diuvretic bumetanide
completely inhibited the barakol-stimulated Isc. All of these
findings were consistent with stimaulation of transepithelial
CI™ secretion in human and rat colon {(Dharmsathaphorn et
al., 1985; Ko et al., 2002; Kunzelman and Mall, 2002). The
finding that the increase in Isc by barakol was not affected by
the presence of the Na* channel blocker amiloride indicates
that barako] did not stimulate electrogenic Na* absorption.

Cl™ secretion in mammalian colon involves C1~ uptake
across the basolateral membrane by a Na*-K*-2Cl™ cotrans-
port mechanism and subsequent efflux across the apical
membrane through ClI™ channels. CFTR is the predominant
Cl™ channel that plays a role in Cl~ secretion in many epi-
thelia, including the colonic epithelium (Kunzelmann and
Mall, 2002). CFTR is a cAMP-mediated Cl™ channel that has
previously been shown to be inhibited by DPC and gliben-
clamide (Sheppard and Welsh, 1992). On the other hand,
DIDS has been shown to block Ca®*-activated C1~ channel
but had no effect on the activity and conductance of CFTR
{Anderson et al., 1992; Schultz et al., 1999). Since the present
study showed that the barakol-induced increase in Is¢ was
completely inhibited by DPC and partly inhibited by gliben-
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Wilde, it is most likely that CFTR was the apical Cl~ exit
liway for barakol-stimuiated C1~ secretion. The insensi-
E" f the barakol response to DIDS further confirmed the
hhrement of CFTR-mediated Cl™ secretion and suggested
f the Ca**.activated Cl~ channel was not involved in the
fresponse to barakol. The barakol-stimulated increase in
as also abolished by bumetanide, an inhibitor of Na*-
W2Cl™ cotransporter, suggesting that barakol-stimulated
uptake was mediated by this mechanism. Moreover, the
puiation of barakol-stimulated Cl~ secretion by CFTR C1~
ﬁmel blockers and bumetanide indicated that the cellular
Bliznism of barakol may involve the cAMP-dependent
fliway. Our finding was consistent with Cl~ secretion in-
by other plant-derived bioactive compounds, especially
punnid baicalein. Baicalein has been shown to stimuiate
Eecretion across rat colonic epithelium by the activation
the cAMP-dependent apical C1™ channel and the basolat-
K" channels (Ko et al., 2002). From studies in human
ic cancer ceils (T84 cells), baicalein was found to poten-
E}!’he Ca®*-mediated Cl1~ secretion via an accumulation of
MF and activation of protein kinase A activity (Yue et al,,
!lj. However, the signaling mechanisms involving either
facellular Ca®" or ¢AMP and protein kinase A in the
lation of barakel-stimulated Cl™ secretion could not be
kied out and are subject to further investigation.
Must of the naturally occurring laxatives exert their effects
{the colonic epithelium by stimulating CI™ secretion and/or
Whiting Na™ absorption, resulting in an accumulation of
il and subsequent increased colonic motility. The in-
plsed Cl™ secretion by anthranoid laxatives anthraquinone
Wl sennosides is due to disruption of epithelial tight junc-
iig, leading to increased permeability of the epithelium
like, 1980; Wanitschke, 1980). Their chemical structures
fated to junctional disruption have not been indicated. Al-
lough the direct effect of barakel on tight junction perme-
lility was not examined in the present study, an increase in
{etinnal permeability was unlikely to account for barakol-
fmulited C1™ secretion since changes in tissue conductance
fra relatively small. The suppressive actions of anthranocid
|Satives on Na ™ absorption could result from decreased ATP
foduction or a direct inhibition of the Na* K*-ATPase ac-
[¥ity in the basolateral membrane (Wanitschke, 1980; Wan-
Belike and Karbach, 1988). Reduced Na™ , K" -ATPase activ-
# would, in turn, decrease net Na™ absorption across the
gitieliam. In this study, the barakol-induced increases in
b were not affected by amiloride, indicating that the bara-

kol effect was not due to activation of epithelial Na™ chan-
nels. This finding may be due to the fact that Na* channels
normally play a relatively minor role in Na™ absorption
across the proximal and distal colon in rats (Kunzelmann
and Mall, 2002). However, a question still remains as to
whether barakol may have some effects on Na*-H™ or Cl™-
HCO; exchange, since the activities of these electroneutral
transporters could not be detected by measurement of Isc.

To identify whether the barako! response involved neuro-
transmitter release from nerves within the submucosal
plexus or was the result of a direct effect on the epithelium,
the tissues were pretreated with tetrodotoxin to block the
neuronal Na* channel activity and inhibit action potential
propagation. A substantial portion of basal Isc (36%) was
inhibited following the addition of tetrodotoxin, suggesting
that it was sustained by endogenous release of neurotrans-
mitters from the submucosal plexus. Pretreatment with te-
trodetoxin inhibited the barakol-induced increase in lIse by
48%, confirming that barakol-stimulated Cl~ secretion was
partially mediated through the activation of submucosal
nerves. In contrast, the lack of effect of the muscarinic cho-
linergic receptor blocker atropine or the nicotinic receptor
blocker hexamethonium on the barakel-stimulated Isc re-
sponse argued against involvement of the acetylcholine-con-
tatining submucosal neurons in barakol action on Cl™ secre-
tion in the rat. The tetrodotoxin-ingsensitive barakol response
suggested that barakol may act directly on the colonic epi-
thelial cells to stimulate Cl~ secretion.

To further test whether the barakol activation of CI™ se-
cretion was due to prostaglandin release, tissues were pre-
treated with the cyclooxygenase inhibitor indemethacin to
block the synthesis of prostaglandins. Prostaglandins are
normally released in response to a variety of stimuli. They
have been knrown to activate Cl™ secretion directly via pro-
stanoid receptors located in rat colonic epithelial cells (Brown
et al, 1992). The present findings demonstrated that inda-
methacin inhibiled the effect of barakol on Isc by 62%, sug-
gesting that its sustained stimulatory effect on Cl™ secretion
was partially mediated through the release of prostaglan-
dins. The combined presence of indomethacin and tetrodo-
toxin nearly abolished (90%) the stimulatory effect of barakol
on CI™ secretion, indicating that the direct interaction of
barakol with epithelial cells may account in part for its re-
sponse.

The synthesis and release of prostaglandins are known to
be part of the mechanisms of the anthranoid laxatives, Dam-
age to epithelial cells caused by anthranoids induces the
release of histamine and serotonin from monocytes, mast
cells, and other intestinal monocytes, leading to increased
biosynthesis of prostaglandin (Yagi et al., 1988; Nijs et al.,
1992). Prostaglandin release, in turn, accelerates the Jarge
intestine transit and alters fluid absorption and secretion
(Leng-Peschlow, 1986). In addition, the release of inflamma-
tory mediators, especially histamine, is known to stimulate
Cl” secretion in colonic epithelium (Traynor et al., 1993; Yue
et al., 2004). However, inflammatory mediators were un-
likely to be responsible for the actions of barakol sinee the
histamine antagonist diphenhydramine did not alter the Isc
response to barakol.

From the present findings, it seermed that barakol response
was substantially mediated by enteric nerves within the sub-
mucosal plexus. Being insensitive to atropine and hexame-



m, barakol actions may be mediated by other neuro-
er substances of the noncholinergic pathways.
2 include vasoactive intestinal peptide, substance
i calcitonin gene-related peptide (CGRP), which are
y several neurotransmitters present in enteric nerves
giry neurons of the small and large intestine (Cooke,
Ihiese substances have been shown to be capable of
Cl”-dependent secretion (Traynor et al., 1991,
et al.,, 1992; Riegler et al., 1999; Esfandyari et al.,
The effect of substance P involved in barakol response
#=untly under investigation. Possible invelvement of ex-
av, noncholinergic transmitters in barakol action is also
giect worthy of future study.

fact that a decrease in Cl~ secretory activity in the
i2 one explanation for the increased incidence of con-
in the elderly; therefore drugs that increase fluid
Sl through modulating lon channel activity could be

ficial for the treatment of constipation. Barakol, shown
e present study to have a stimulatory effect on electro-

management of age-related changes in colonic func-
ur constipation associated with physiological or psycho-
stress. By increasing the Cl™ secretion in both proxi-
and distal colon, barakol could work as a laxative by
#=ing colonic volume and motility,
tonclusion, we have shown in rat colonic epithelium that
kol stimulated chloride secretion without affecting elec-
#nic sodium absorption. The transport mechanisms in-
d basolateral Na™-K*-2Cl~ cotransporters and apical
“channels. Although not specifically addressed in this
M, some increase in K™ channel activity was also likely as
Means to sustain the elecirical driving force for Ci - exit
=5 the apical membrane. The barakol-stimulated Isc was
inlly controlled by enteric nerves within the submucosal
5 and partially mediated by the release of cyclooxygen-
metabolites. Our findings provided a mechanistic expla-
un for the action of the active compound barakol and the
iive effect of Cassia siamea plant extract.
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