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N ©-Nitro-L-arginine methyl ester reduces senna- and cascara-induced
diarrhoea and fluid secretion in the rat
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Abstract

Senna (60 mg/kg orally) and cascara (800 mg/kg orally)-induced diarrhoea and net fluid secretion were studied in rats for a time
period of 1-8 h. NOS-Nitro-L-arginine methyl ester (L-NAME) (2.5-25 mg/kg i.p. twice, 15 min before and 4 h after laxative
administration), an inhibitor of nitric oxide synthase, reduced the diarrhoeal response. This effect was counteracted by L-arginine (600 and
1500 mg/kg i.p. 15 min before laxative administration), the precursor of nitric oxide (NO). The senna- and cascara-stimulated fluid
secretion was reduced by N S-nitro-L-arginine methyl ester 25 mg/kg i.p. (twice, 15 min before and 4 h after laxative administration),
while the stereoisomer N S-nitro-D-arginine metyl ester (D-NAME) 25 mg /kg i.p. was without effect. These results suggest a possible
involvement of NO in senna- and cascara-induced diarrhoea and fluid secretion.
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1. Introduction

Anthraquinones, including sennosides and cascara, are
widely used by the public as all-purpose laxatives and also
as recommended by physicians for bowel evacuation prior
to diagnostic radiographs (Gaginella, 1994). The active
ingredients of the anthraquinones are glycosides which are
activated by intestinal flora that cleave off a sugar to
produce the aglycone form (Lemli and Lemmens, 1980).
The mechanism by which these drugs alter fluid transport
across the intestinal mucosa is believed to be through
inhibition of Na* absorption (Van Os, 1976), through a
nonspecific metabolic effect on the epithelial cells
(Verhaeren, 1980) or inhibition of Na™-K* ATPase (see
Gaginella, 1994). In addition an effect on the release of
neurotransmitters from the myenteric plexus, which in tum
may alter fluid absorption by the gut, cannot be ruled out
(Gaginella, 1994). Anthraquinones also increase prosta-
glandin synthesis in intestinal mucosa (Beubler and Kollar,
1988), but this is not clearly involved in the effects on
fluid transport since indomethacin failed to affect the
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anthraquinone-induced colonic transport changes (Dono-
witz et al., 1984).

However, despite the fact that several mechanism have
been proposed for the effect of anthraquinones, the precise
mechanism of action of these drugs remains elusive, partly
because of their multiple effects on the gut.

Nitric oxide (NO) is a colourless gas synthesized by the
enzyme NO synthase via the five-electron oxidation of one
of the chemically equivalent guanidino nitrogens associ-
ated with L-arginine (Marletta, 1993). This enzyme exists
as a constitutive (Ca’* /calmodulin-dependent, unaffected
by glucocorticoids) and an inducible (Ca’* /calmodulin-
independent, induction inhibited by glucocorticoids) form
in many tissues (Moncada and Higgs, 1993). The muscle
of the rat and canine intestine is innervated by NO syn-
thase-containing neurons (Nichols et al., 1993; Kostka et
al., 1993), supporting a role for NO in the regulation of
intestinal functions. Intestinal NO can be furthermore pro-
duced by neutrophils, macrophages and mast cells, impli-
cating it as a potential pathophysiological mediator of the
secretory diarrhoea associated with mucosal inflammation
and injury.

Several data support the involvement of NO in intesti-
nal secretion: the NO-donating compound sodium nitro-
prusside (Wilson et al., 1993) and NO itself (Tamai and
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Gaginella, 1993) stimulate anion secretion by the rat colon (L-NAME) reduced the fluid accumulation due to castor
in vitro; in addition, in vivo studies have shown that the oil (Mascolo et al., 1993; Mascolo et al., 1994), diphenyl-
NO synthase inhibitor N -nitro-L-arginine methyl ester methane laxatives (Gaginella et al., 1994), magnesium
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Fig. 1. Inhibitory effect of L-NAME (2.5-25 mg /kg) on the percentage of rats (out of 10) with diarrhoea at various times after oral senna 60 mg /kg (Fig.
la) and cascara 800 mg/kg (Fig. 1b). L-NAME was given i.p. 15 min and 4 h after laxative administration, © P < 0.05 and = * P < 0.01 (Chi-square test).
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Fig. 2. Reversal by L-arginine (L-arg 600 and 1500 mg/kg i.p.) of the inhibitory effect of L-NAME (25 mg/kg i.p.) on diarrhoea in rats (n = 10) given
senna (Fig. 2a) and cascara (Fig. 2b) orally. L-.NAME was given 15 min before and 4 h after laxative administration, while L-arginine was given (i.p.) 15
min before the laxatives. © P < 0.05 and P < 0.01 vs. control and * P < 0.05 vs. laxative + L-NAME.
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sulphate (Izzo et al., 1994), sodium choleate (Mascolo et
al., 1994) or trinitrobenzene sulphonic acid-induced colitis
(Miller et al., 1993a). Furthermore, L-arginine, the precur-
sor of NO, also induces fluid secretion in the rat jejunum
(Mourad et al., 1993). In contrast with these findings, Rao
et al. (1994) have shown that NO produced a net proab-
sorptive effect in isolated sheets of mouse ileum in vitro.
Consistent with these results, prostaglandin E,- or Es-
cherichia coli heat-stable enterotoxin-induced fluid secre-
tion is enhanced by infusion of L-NAME in the rat je-
junum in vivo (Schirgi-Degen and Beubler, 1995). There-
fore the role of NO in mediating intestinal secretion seems
to be uncertain, but probably depends upon whether the
conditions under study are physiological or pathophysio-
logical.

In order to determine whether or not the mechanism of
laxative action of senna and cascara involves NO, we
studied their ability to produce diarrhoea and stimulate
fluid secretion in rat. Comparisons were made in the
absence and presence of L-NAME, its inactive isomer
NC-nitro-p-arginine methyl ester (D-NAME) and L-
arginine, the substrate for NO synthase.

2. Materials and methods
2.1. Animals

Male Wistar (Morini) rats (150-170 g) were used after
I week of acclimation (temperature 23 + 2°C humidity
60%). Rats were fasted for 18 h, but received water ad
libitum. Each rat was placed in a separate cage at the
beginning of the experiment.
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2.2. Laxative (diarrhoeal) test

Rats were injected (i.p.) with L-NAME 2.5-25 mg /kg
(or D-NAME 25 mg/kg i.p.) 15 min before and 4 h after
p.o. dosing with 60 mg/kg of senna or 800 mg/kg of
cascara. L-Arginine (600-1500 mg /kg i.p.) or D-arginine
(1500 mg /kg) was given 15 min before laxative adminis-
tration.

One hour after dosing with the laxatives, and each hour
for 8 h, the individual cages were inspected (by an ob-
server unaware of the particular treatment) for the presence
of characteristic wet ‘diarrhoeal’ droppings; their absence
was recorded as a positive result, indicating protection
from diarrhoea at that point in time.

2.3. Fluid secretion

Five hours after senna (60 mg/kg) or cascara (800
mg/kg) treatment, rats were anaesthetized with urethane
(1.3 g/kg i.p.) and the entire colon was rinsed with warm
saline solution to remove the contents. Thirty minutes later
the colon was filled with 2.5 ml of Tyrode solution and
ligated. After 60 min the rats were killed and the colon
was removed. Net water transport was calculated from the
volume of the fluid content minus the 2.5 ml of the
solution used to fill the colon (Gaginella et al., 1994; [zzo
et al., 1994; Mascolo et al., 1994). L-NAME 25 mg/kg
i.p. (or D-NAME 25 mg /kg i.p.) was given 15 min before
and 4 h after laxative administration.

2.4. Chemicals

L-NAME hydrochloride, L-arginine hydrochloride, D-
arginine hydrocloride and D-NAME hydrocloride were

control
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Fig. 3. Effect of L-NAME 25 mg/kg and D-NAME 25 mg/kg on water flux induced by senna (60 mg/kg) and cascara (800 mg/kg) given orally. A
negative value represents net absorption and a positive value net secretion. L-NAME was administered 15 min and 3 h after the laxatives. P < 0.01 vs.

control and * P < 0.05 vs. laxative.
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purchased from Sigma (Milan, Italy), senna pod extract
(Cassia angustifolia) containing 45% sennoside B and
cascara water extract ( Rhamnus purshiana cortex) contain-
ing 20% cascaroside A were a gift from Indena (Settala,
Italy). Drugs were dissolved in distilled water before being
used.

2.5. Statistics

The Chi-square test was used to determine the signifi-
cance between groups with or without diarrhoea. Intestinal
fluid volume was expressed as mean + S.E. and compared
by Student’s f-test for unpaired data. A P value less than
0.05 was considered significant.

3. Results
3.1. Diarrhoea

Eight hours after p.o. administration of the laxatives,
diarrhoea was evident in all the animals. L-NAME dose
dependently reduced the total number of rats with diar-
rhoea over the time frame studied (Fig. 1). The 25 mg/kg
dose significantly (P < 0.05) reduced the incidence of
diarrhoea 8 h after senna challenge and from hours 6 to 8
in the cascara-treated group. L-Arginine (but not D-arginine)
reversed the effect of 25 mg/kg of L-NAME on senna-
and cascara-induced diarthoea (Fig. 2), but the same doses
(600 and 1500 mg/kg) did not by themselves modify the
diarrhoeal effect of the drugs (data not shown).

3.2. Fluid secretion

In preliminary experiments, senna and cascara both
reversed net water absorption to net secretion between 5.5
and 6.5 h. The influence of L-NAME (or D-NAME) was
therefore assessed over this interval. Neither L-NAME nor
D-NAME affected fluid transport in control rats (data not
shown), but L-NAME prevented the effect of senna and
cascara on fluid secretion (Fig. 3).

4. Discussion

Senna and cascara are widely used, but their precise
mechanism of action is still a matter of investigation.
Several mediators have been postulated to be involved in
senna and cascara fluid accumulation and diarrhoea. These
include prostaglandins (Beubler and Kollar, 1988), his-
tamine (Capasso et al., 1986), serotonin (Beubler and
Schirgi-Degen, 1993; Capasso et al., 1986) and Ca’*
(Donowitz et al., 1984). In recent years it has been demon-
strated that NO is one of the mediators of castor oil
(Mascolo et al,, 1993)-, diphenylmethane laxative

(Gaginella et al., 1994)-, magnesium sulphate (Izzo et al.,
1994)-, sodium cholate (Mascolo et al., 1994)- but not
mannitol (Izzo et al., 1994)-induced laxation. In this study
we postulate that NO may be involved in senna- and
cascara-induced diarrhoea and intraluminal fluid accumula-
tion.

We have shown that the potent NO synthase inhibitor,
L-NAME, at doses previously reported to be effective
(Gaginella et al., 1994; Mascolo et al., 1993, Mascolo et
al., 1994; Izzo et al., 1994), reduces the diarrhoeal effect
of oral administration of senna and cascara. The doses of
cascara and senna were chosen on the basis of our labora-
tory experience; they produced diarrhoea of the same
intensity. The effect of L-NAME was prevented by L-
arginine but not by its enantiomer, D-arginine, implying
that the effect of senna and cascara could involve NO
synthesis from L-arginine.

Senna and cascara (or their active ingredients) change
intestinal mucosal fluid transport from absorption to net
secretion. In our study the stimulated fluid secretion was
inhibited by L-NAME, the effect being stereospecific since
D-NAME was inactive. These data and the fact that NO
stimulates intestinal secretion in vitro (Tamai and
Gaginella, 1993) support an involvement of NO in the
fluid secretion observed after cascara and senna adminis-
tration.

The effect of NO on fluid transport in the intestine
seems to depend upon the conditions under study. In
normal anaesthetized rats L-NAME (25 mg/kg i.v.) re-
verses jejunal fluid absorption to secretion (Schirgi-Degen
and Beubler, 1995), indicating a proabsortive tone of NO
under physiological conditions. This proabsorptive tone
also may downregulate fluid secretion induced by Es-
cherichia coli heat-stable enterotoxin or prostaglandin E,.
However, in some pathophysiological states (such as the
diarrhoea associated with laxative administration or trini-
trobenzene sulphonic acid-induced colitis), NO may be
produced at higher concentrations capable of evoking net
secretion. Indeed, Miller et al. (1993b) have proposed that
NO may be protective under basal conditions, but deleteri-
ous under chronic pathological conditions. However, the
discrepancy between our results (NO as a secretagogue)
and those of Schirgi-Degen and Beubler (1995) (NO as a
proabsorbtive substance) could be also due to other causes
such as the route of administration (i.p. vs. i.v.), different
anaesthetic used (urethane vs. sodium pentobarbitone) or
different regions of the gut (colon vs. jejunum).

The laxative (diarrhoeal) effect of senna and cascara
could also be attributed to disordered motiliy and hence an
increase in the transit of intraluminal material. The in-
crease in intestinal transit is believed to be due to a
reduced resistance to flow, because of relaxation of the
circular muscle of the intestine (Gullikson and Bass, 1984).
Anthraquinone derivatives are reported to relax intestinal
smooth muscle (Gaginella and Bass, 1978), and NO medi-
ates relaxation of intestinal muscle through neural mecha-
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nisms under various experimental conditions (Grider, 1993;
Sanders and Ward, 1992).

In conclusion, this study provides further evidence that
NO could be an important mediator of intestinal secretion
in pathological conditions and that NO is involved in
senna- and cascara-induced diarrhoea and fluid secretion in
rats.

Acknowledgements

This research was supported by CNR, Rome.

References

Beubler, E. and G. Kollar, 1988, Prostaglandin-mediated action of senno-
sides, Pharmacology 36 (Suppl. 1), 85.

Beubler, E. and A. Schirgi-Degen, 1993, Serotonin antagonists inhibit
sennoside-induced fluid secretion and diarrhea, Pharmacology 47
(Suppl. 1), 64.

Capasso, F., N. Mascolo, G. Autore and V. Romano, 1986, Laxatives and
the production of autacoids by rat colon, J. Pharm. Pharmacol. 38,
627.

Donowitz, M., J. Wicks, L. Battisti, G. Pike and R. De Lellis, 1984,
Effect of senokot on rat intestinal electrolyte transport. Evidence of
Ca’* dependence, Gastroenterology 87, 503.

Gaginella, T.S., 1994, Laxative Drugs, Textbook of Human Pharmacol-
ogy (Chapman-Hall, New York) p. 1075.

Gaginella, T.S. and P. Bass, 1978, Laxative: an update on mechanism of
action, Life Sci. 23, 1001.

Gaginella, T.S., N. Mascolo, A.A. Izzo, G. Autore and F. Capasso, 1994,
Nitric oxide as mediator of bisacodyl and phenolphthalein laxative
action: induction of nitric oxide synthase, J. Pharmacol. Exp. Ther.
270, 1239.

Grider, J.R., 1993, Interplay of VIP and nitric oxide in regulation of the
descending relaxation phase of peristalsis, Am. J. Physiol. 264, G334.

Gullikson, G.W. and P. Bass, 1984, Mechanism of action of laxative
drugs, Ch. 28, Pharmacology of Intestinal Permeation, II, p. 419.

Izzo, A.A., T.S. Gaginella, N. Mascolo and F. Capasso, 1994, Nitric
oxide as a mediator of the laxative action of magnesium sulphate, Br.
J. Pharmacol. 113, 228.

Kostka, P., E. Jan, E.G. Watson, J.L. Steward and E.E. Daniel, 1993,

Nitric oxide synthase in the automatic nervous system of canine
ileum, J. Pharmacol. Exp. Ther. 264, 234.

Lemli, J. and L. Lemmens, 1980, Metabolism of sennosides and rhein in
the rat, Pharmacology 20 (Suppl. 1), 50.

Marletta, M.A., 1993, Nitric oxide synthase structure and mechanism, J.
Biol. Chem. 268, 12231.

Mascolo, N., A.A. Izzo, F. Barbato and F. Capasso, 1993, Inhibitors of
nitric oxide synthetase prevent castor oil-induced diarrhoea in the rat.
Br. J. Pharmacol. 108, 861.

Mascolo, N., T.S. Gaginella, A.A. Izzo, G. Di Carlo and F. Capasso.
1994, Nitric oxide involvement in sodium choleate-induced fluid
secretion and diarrhoea in rats, Eur. J. Pharmacol. 264, 21.

Miller, M.J.S., H. Sadowska-Krowicka, S. Chotinaruemol, J.L. Kakkis
and D.A. Clark, 1993a, Amelioration of chronic ileitis by nitric oxide
synthase inhibition, J. Pharmacol. Exp. Ther. 268, 291.

Miller, M.J.S., X.J. Zhang, H. Sadowska-Krowicka, S. Chotinaruemol.
J.A. Mclntyre, D.A. Clark and S.A. Bustamante, 1993b, Nitric oxide
release in response to gut injury, Scand. J. Gastroenterol. 28, 149.

Moncada, S. and A. Higgs, 1993, Mechanism of disease: the L-arginine-
nitric oxide pathway, New Engl. J. Med. 329, 2002.

Mourad, F.H., L.J.D. O’Donnell, M.L. Clark and M.J.G. Farthing, 1993,
L-Arginine induces water secretion in rat jejunum in vivo, Gastro-
enterology 104, A 226.

Nichols, K., W. Staines and A. Krantis, 1993, Nitric oxide synthase
distribution in the rat intestine: a histochemical analysis, Gastro-
enterology 105, 1651,

Rao, R.K., P.JM. Riviere, X. Pascaud, J.L. Junien and F. Porreca, 1994,
Tonic regulation of mouse ileal ion trasport by nitric oxide, J.
Pharmacol. Exp. Ther. 269, 626.

Sanders, K.M. and S.M. Ward, 1992, Nitric oxide as a mediator of
nonadrenergic noncholinergic neurotransmission, Am. J. Physiol. 262,
G379.

Schirgi-Degen, A. and E. Beubler, 1995, Significance of nitric oxide in
the stimulation of intestinal fluid absorption in the rat jejunum in
vivo, Br. J. Pharmacol. 114, 13.

Tamai, H. and T.S. Gaginella, 1993, Direct evidence for nitric oxide
stimulation of electrolyte secretion in the rat colon, Free Rad. Res.
Commun. 19, 229.

Van Os, FH.L., 1976, Some aspects of the pharmacology of an-
thraquinone drugs, Pharmacology 14 (Suppl. 1), 18.

Verhaeren, E., 1980, Mitochondrial uncoupling activity as a possible base
for a laxative and antipsoriatic effect, Pharmacology 20 (Suppl. 1).
43

Wilson, K.T., Y. Xie, M\W. Musch and E.B. Chang, 1993, Sodium
nitroprusside stimulates anion secretion and inhibits sodium chloride
absorption in rat colon, J. Pharmacol. Exp. Ther. 266, 224.



