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Abstract

Plant secondary metabolic compounds with the cholagogue mode of action are important therapeutic agents for the
treatment of cholestasis and hepatobiliary disorders. Herbal cholagogues target different components of the complex
bile production and secretion system, and exert their action via diverse routes, such as cholecystokinin-dependent and
independent gallbladder contraction, up-regulation of the bile acid synthesis, stimulation of the bile salt export pump,
multidrug resistance protein transporter system, and osmotic bile flow.

Herbal Cholagogues and Choleretics

The ancient science of herbal medicine was born many centuries
ago and speaks Symptomatic, the language which is cast in magnificent
Greek and imperial Latin. Symptomatic describes effects of herbal
medicines on the human body at the organismal level, as experienced
by a patient and observed by a physician. Numerous herbs have been
used in traditional medicines against liver complaints and have been
claimed to exert a beneficial action against hepatobiliary diseases
and cholestasis, a condition in which the flow of bile from liver to the
intestine is reduced or blocked.

Medicinal plants with the hepatobiliary mode of action remain
essential therapeutic agents for the treatment of cholestasis. They are
denoted as cholagogues (promoting the flow of bile from theliver and gall
bladder into the intestines) and choleretics (increasing bile production).
Cholagogic and choleretic properties of chamomile (Chamomilla
recutita) [1], elecampain (Inula helenium), dandelion (Taraxacum
officinalis), St. John’s wort (Hypericum perforatum) [2], Artemisia sp [3,
4], yarrow (Achillea millefolium) [5], rosemary (Rosmarinus officinalis)
(6], (Chelidonium majus) [7] and other medicinal plants have been
confirmed in animal experiments and clinical studies. Many of these
plants, that have been traditionally used to improve digestion and
relieve cholestasis, are employed by contemporary European and Asian
pharmacopeias.

Aromatic plants are important components in the liver and intestinal
herbal formulas for the treatment of hepatobiliary and gastrointestinal
disorders. Essential oils have been traditionally employed as
carminatives due to their myorelaxant and spasmolytic action on the
intestines, and also in the treatment of cholecystitis and cholelithiasis
owing to their antispasmodic action on biliary ducts. Choleretic
properties have been described for essential oils from peppermint
(Mentha piperita) [8], Rosaceae species, Anethum graveolens, Perovskia
abrotanoids, Salvia rhytidea, Ziziphro afghanica and Origanum glaucum
[9]. Notably, some edible plants and spices, such as artichoke [10, 11],
licorice [12], coriander, turmeric, red chilli and black pepper, cumin,
and onion [13] also possess marked choleretic properties.

Bile Production and Enterohepatic Circulation

Modern biological science speaks the Biochemical and Physiological
languages, which are by far more exact and subtle than Symptomatic.
The physiological and molecular events involved in bile formation and
recycling have been studied in detail in recent decades [14-16]. Bile
acids are lipid-soluble compounds that are synthesized in the liver
by hepatocytes from blood cholesterol, conjugated to water-soluble
glycine or taurine moieties, and released into hepatic bile canaliculi
through the bile salt export pump, BSEP. Formation of canalicular

bile is driven by an osmotic water flow in response to active solute and
ion transport. The efflux of bile components from hepatocytes is also
mediated by the members of the multidrug resistance protein (MRP)
family transporters. In particular, MRP2 mediates secretion of bilirubin
and glucuronidated bile acids from hepatocytes into bile ducts. From
the liver duct system, bile is collected in the gallbladder and released
into the small intestine by the sphincter of Oddi that opens into the
duodenum. In the intestine, bile acids serve as endogenous detergents
and facilitate intestinal absorption of lipids, lypophilic nutrients and
vitamins, and also act a natural laxative.

Most of the bile acids are recycled from the gastrointestinal tract to
the liver by enterohepatic circulation and re-used for digestion multiple
times. The process of recirculation begins with active reabsorption
of bile acids from the intestine into ileal enterocytes by the sodium-
dependent transporter, ASBT, followed by their release into hepatic
portal circulation [16, 17]. Once in the bloodstream, bile acids are
absorbed from the portal blood into the liver hepatocytes by NTCP
and other membrane transporters, and released again into hepatic duct
system.

The physiological mechanisms of food digestion involve regulation
by cholecystokinin and other peptide hormones of the gastrointestinal
system. Cholecystokinin is produced by the mucosal epithelium of the
small intestine and duodenum, and released to the bloodstream in
response to fat- and protein-rich food [18]. This hormone increases
the production of pancreatic enzymes and hepatic bile, stimulates
contraction of the gallbladder and relaxation of the sphincter of
Oddi, resulting in the release of bile and pancreatic enzymes into the
duodenal part of the small intestine. At the same time, cholecystokinin
suppresses the feeling of hunger and inhibits gastric acid secretion and
gastric emptying, in order to allow more time for intestinal digestion of
lipids and proteins.

In addition to aiding in the digestion and absorption of lipids,
bile acids serve as signaling molecules that regulate the metabolism
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of hepatocytes [17]. In hepatocytes, bile acids bind to the nuclear
receptors FXR, PXR and VDR that activate major signaling cascades
controlling hepatocyte metabolism and the detoxication of xenobiotics.
FXR plays a central role in the regulation of bile acid synthesis and
mediates feedback inhibition of bile production in hepatocytes by bile
acids returning to the liver via enterohepatic circulation.

Cholestasis and the subsequent liver injury may develop owing
to biliary diskinesia (the gallbladder and sphincter of Oddi motility
disorders), a mechanical blockade of bile ducts by gallstones, or
metabolic defects that affect formation or recycling of hepatic bile. Bile
acids accumulating in the liver in cholestasis affect hepatic physiology
and contribute to the development of hepatic disorders through
activation of pro-inflammatory signaling pathways in hepatocytes
and Kupffer cells. Malfunctioning of hepatic transporters may result
in intracellular accumulation of bile acids that trigger apoptosis of
hepatocytes through activation of the death receptor signaling cascades
[19] and lead to parenchymal injury of the liver.

Choleretically Active Plant Compounds

Choleretic and cholagogic activity has been reported for a number
of structurally diverse plant secondary metabolites (Table 1). How
can choleretic and cholagogic properties of natural plant substances
be translated into the languages of modern science? Although only
a limited knowledge of the mechanisms of action exists for herbal
cholagogues, a translation is available for selected plant compounds.

Cholecystokinin-dependent Choleresis

Plant oils have been used for centuries as potent natural cholagogues
and laxatives. Effects of the oral and intraduodenal administration of
olive, sunflower and corn oil were studied on healthy human subjects
using real-time ultrasonography in the last years [31-33]. It was
shown that choleretic action of plant oils is mediated via the release of
cholecystokinin into the blood that stimulates gallbladder contraction
and exocrine pancreatic secretion. Gallbladder contraction by plant

oils was inhibited with cimetropium bromide, an anticholinergic
agent, indicating the involvement of cholinergic hormonal response.
Choleretic effects of plant oils strongly depends on the length of carbon
chains of fatty acids in the oil triglycerides. Olive, sunflower and corn
oils are composed oflong-chain triglycerides (with chain length between
16 and 18 carbon atoms) that require the emulsification by bile for
digestion by intestinal lipases into free fatty acids and monoglycerides,
and for absorption into the gut wall. In the enterocytes of the gut wall,
free fatty acids and monoglycerides are re-esterified into triglycerides
and released from the gut into circulation via the lymphatic system. In
contrast, more hydrophilic medium-chain triglycerides (with a chain
length between 6 and 12 carbon atoms) do not require emulsification.
They are rapidly hydrolyzed in the gut lumen, absorbed into enterocytes,
and diffuse from the intestinal cells into the portal circulation. Unlike
long-chain triglycerides, medium chain triglycerides do not cause
release of cholecystokinin and pancreatic enzymes, and do not induce
contraction of the gallbladder [33].

Some of the secondary metabolic plant compounds also trigger
cholecystokinin release. For example, the stimulation of pancreatic
secretion in rats by platycodin D, a choleretic saponin from the root of
Platycodon grandiflorum, triggered the release of cholecystokinine from
the duodenum into the bloodstream [34]. The effects of platycodin D
were inhibited by loxiglumide, a cholecystokinine receptor antagonist,
confirming its action through the receptor.

Cholecystokinin-independent Choleresis

Phytohemagglutinin from red kidney bean (Phaseolus vulgaris)
employs a different and distinct mode of choleteric action. This
stable protein resists enzymatic and bacterial degradation in the
gastrointestinal tract. After oral administration, it survives the passage
through the gastrointestinal tract and binds to complex glycans on the
surface of parietal cells of the stomach, the brush border epithelium
of the small intestine, and to the surface membrane of the colon. By
this binding, phytohemagglutinin can mimic or inhibit binding of

Compound

Plant species Reference

Menthol, menthone, isomenthone
Eugenol, acetyleugenol

Borneol

Zygophillin, quinovic acid

Crocin, crocetin

Loganin

Syringopicroside

Ferulic acid, caffeic acid

Caffeine

Theophylline

Glycyrrhizinic acid and derivatives
Liquiritigenin

Xanthone glycosides and aglycones
Chamiloflan

Cynarin, cynaropicrin

Gingerol

Dicaffeoylquinic acids
N-demethyl ricinine

Silymarin, silibinin
Andrographolide

Protopine

Picroliv

Platycodin D

Geniposide, genipin
4-Hydroxyacetophenone
Phloracetophenone

Mentha piperita
Syzygium aromaticum
Dryobalanops aromatica
Zygophyllum coccineum
Gardenia florida

Patrinia villosa

Syringa oblate

different species

Coffea arabica

Camellia sinensis

[8]
[9]
[9]
[9]
[9]
[9]
[9]
[9]
[9]
[9]

Glycyrrhiza glabra [12]
Glycyrrhizae uralensis [20]
Gentianopsis barbata [21]
Chamomilla recutita [22]
Cynara scolumis, Saussurea amara [23]
Zingiber officinale [24]
Achillea millefolium [25]
Ricinus communis [26]
Silybum marianun [27]
Andrographis paniculata [28]
Fumaria officinalis [29]
Picrorrhzia kurroa [30]
Platycodon grandiflorum [34]
Gardenia fructus, G. jasminoids [37]
Aster and Artemisia species [39]
Curcuma comosa [40]

Table 1: Plant secondary metabolic compounds with cholagogue and choleretic activity.
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an endogenous lectin, producing local gastrointestinal and systemic
effects. Unlike fatty acids, red kidney bean phytohemagglutinin does not
increase cholecystokinin levels in the blood, but instead induces potent
gallbladder contraction by activating an unidentified cholinergetic
pathway [35].

Menthol, menthone and isomenthone from Mentha piperita possess
choleretic properties and act as myorelaxant on smooth musculature
of the gastrointestinal tract [8]. There is no clear understanding of
the underlying mechanisms. However, the results of a recent study
suggest that the choleretic activity of peppermint oil can be mediated
at the molecular level though up-regulation of two genes: cholesterol-
7a-hydrolase that is involved in bile acid synthesis, and FXR nuclear
receptor that regulates production of bile acids [36].

BSEP- and MRP-dependent Choleresis

Cholestasis often results in systemic accumulation of biliary
compounds and jaundice. This condition has been associated with
impaired function of the bile export pump and multidrug resistance
protein transporters, especially multi-specific organic anion transporter
MRP2, which is localized to the hepatocellular plasma membrane and
mediates the efflux of a variety of organic anions, including bilirubin,
glucuronides, glutathione and bile acid conjugates. Diverse plant
choleretics directly affect the hepatic bile secretion system. In recent
years, several plant compounds have been identified that target and up-
regulate BSEP and MRP2-mediated pathways.

Liquiritigenin, a flavonoid aglycone from licorice (Glycyrrhizae
uralensis), has a marked choleretic activity. Upon administration in
rats, liquiritigenin is rapidly metabolized into choleretically active
glucuronide conjugates that induce increased secretion of bile [20].
Administration of liquiritigenin up-regulates expression of BSEP,
MRP2 and other transporters, leading to an increase in bile flow rate
and the excretion of bile acids, glytathione and bilirubin. At the same
time, administration of liquiritigenin led to a significant induction
of hepatic detoxication enzymes glucuronosyl-transferase, heme
oxigenase, glytathione S-transferase and microsomal epoxide hydrolase,
demonstrating that a systemic hepatocellular response to liquiritigenin
was orchestrated at the gene expression level.

Gardenia fructus is used by Chinese and Japanese herbal medicines
for the treatment of cholestasis and jaundice, a condition which is
caused by hyperbilirubinemia. Geniposide, a major iridoid glycoside
of Gardenia fructus, is converted in the intestine into biologically active
metabolite, aglycone genipin. Administration of genipin to rats resulted
in a significant increase of the MRP2 content in the bile canalicular
areas of the liver [37, 38]. The increase in the MRP2 levels was
accompanied with a two-fold rise in the bile flow and biliary excretion
of bilirubin conjugates and glutathione. Notably, genipin did not affect
BSEP levels and did not increase secretion of bile acids, suggesting that
the choleretic activity is mediated via BSEP-independent pathway. The
increased biliary secretion was not observed in mutant MRP2-deficient
rats, confirming that genipin specifically targets the MRP2-mediated
excretion pathway.

The MRP-dependent biliary secretion pathway is also affected by
other choleretically active plant compounds. Using similar approaches
and experimental animals which have a congenital defect in MRP2
transporter, independent research groups demonstrated that the
choleretic action of 4-hydroxyacetophenone from Aster and Artemisia
species [39] and phloracetophenone from Curcuma comosa [40] is
also mediated via the MRP2 secretory pathway. Results of these and

other studies [41, 42] suggest that the osmotic effects and excretion of
the biliary electrolytes play important roles in the MRP2-dependent
choleresis and may attenuate the cholestatic effects of hepatotoxins
undergoing biotransformation in the liver and excretion via the MRP
transporter system.

One of the best studied herbal cholagogues is silymarin from milk
thistle Silybum marianun, which has been empirically used as a hepatic
remedy for almost two thousand years, and remains being used as an
officinal medicine for many types of acute and chronic liver diseases.
Silymarin is a mixture of four isomeric flavonolignans: silibinin
(main active component), isosilibinin, silydianin and silychristin [43].
After administration, silibinin is taken up from the bloodstream by
hepatocytes and partially glucuronidated. Silibinin is a potent inhibitor
of cAMP-phosphodiestrease, an enzyme which catalyzes degradation
of cyclic AMP resulting in an increase in cellular cAMP levels,
which mediate its biological effects [44]. It acts as a multifunctional
hepatoprotective agent through evocation of cAMP-dependent cell
signaling pathways, stimulation of synthesis and secretion of bile acids,
and activation of biotransformation and detoxication of cholestatic
compounds by hepatocytes.

Silymarin induces hepatic output of bile acids and bile acid-
dependent choleresis, but does not affect bile acid-independent bile
flow [27]. These effects are primarily due to the stimulation of bile
acid synthesis and an increase in the endogenous pool of bile acids,
and not to elevated reabsorption of bile acids from the intestine.
Under hepatocellular cholestasis, silibinin reliefs inhibition of the bile
acid synthetic and redirects synthesis towards more hydrophilic and
less toxic bile acid species, thus alleviating the metabolic strain on
hepatocytes. Silibinin also prevents failure of the bile salt export pump.
This is achieved through the protection of the BSEP transport activity
by blocking internalization and redistribution of BSEP, which may
involve cAMP-induced increase in cytosolic calcium levels. [27, 43, 45].

Conclusion

The complex bile production and secretion system provides
many opportunities for the therapeutic correction of cholestasis
and hepatobiliary disorders, which are exploited by plant secondary
metabolites and natural food components. Results of the recent studies
demonstrate that plant secondary metabolites affect choleresis via
different routes, such as cholecystokinin-dependent and independent
gallbladder contraction, up-regulation of the bile acid synthesis,
stimulation of the bile export pump, hepatic MRP transporter systems,
and osmotic bile flow. Future elucidation of the molecular mechanisms
of herbal cholagogues will advance our knowledge and provide scientific
basis for the therapeutic use of the medicinal plants.

Disclaimer

This article was written in a personal capacity and does not
represent the opinions of the US Food and Drug Administration, the
US Department of Health and Human Services, or the US Federal
Government.

References

1. Pasechnik IK (1966) Choleretic action of Matricaria officinalis. Farmakol
Toksikol 29: 468-469.

2. Popowska E, Skowronski J, Borkowski B (1975) Cholekinetic and choleretic
action of radix Inulae, radix Taraxaci and herba Hyperici. Acta Pol Pharm 32:
491-497.

3. Baumann IC, Glatzel H, Muth HW (1975) Studies on the effects of wormwood

Med Aromat Plants
ISSN: 2167-0412 an open access journal

Volume 1+ Issue 5 « 1000107


http://www.ncbi.nlm.nih.gov/pubmed/5987502
http://www.ncbi.nlm.nih.gov/pubmed/5987502
http://www.ncbi.nlm.nih.gov/pubmed/1163262
http://www.ncbi.nlm.nih.gov/pubmed/1163262
http://www.ncbi.nlm.nih.gov/pubmed/1163262
http://www.ncbi.nlm.nih.gov/pubmed/1224644

Citation: Spiridonov NA (2012) Mechanisms of Action of Herbal Cholagogues. Med Aromat Plants 1:107. doi:10.4172/2167-0412.1000107

Page 4 of 4

20.

2

=

22.

23.

24,

25.

26.

(Artemisia absinthium L.) on bile and pancreatic juice secretion in man. Z
Allgemeinmed 51: 784-791.

Okuno |, Uchida K, Namba T (1984) Choleretic activity of Artemisia plants.
Yakugaku Zasshi 104: 384-389.

Benedek B, Geisz N, Jager W, Thalhammer T, Kopp B (2006) Choleretic
effects of yarrow (Achillea millefolium s.l.) in the isolated perfused rat liver.
Phytomedicine 13: 702-706.

Hoefler C, Fleurentin J, Mortier F, Pelt JM, Guillemain J (1987) Comparative
choleretic and hepatoprotective properties of young sprouts and total plant
extracts of Rosmarinus officinalis in rats. J Ethnopharmacol 19: 133-143.

Vahlensieck U, Hahn R, Winterhoff H, Gumbinger HG, Nahrstedt A, et al.
(1995) The effect of Chelidonium majus herb extract on choleresis in the
isolated perfused rat liver. Planta Med 61: 267-271.

Grigoleit HG, Grigoleit P (2005) Pharmacology and preclinical pharmacokinetics
of peppermint oil. Phytomedicine 12: 612-616.

Valan MF, De Britto AJ, Venkataraman R (2010) Phytoconstituents with
hepatoprotective activity. Int J Chem Sci 8: 1421-1432.

. Lietti A (1977) Choleretic and cholesterol lowering properties of two artichoke

extracts. Fitoterapia 484: 153-158.

. Gebhardt R (2001) Anticholestatic activity of flavonoids from artichoke (Cynara

scolymus L.) and of their metabolites. Med Sci Monit 7 Suppl 1: 316-320.

.Nasyrov KhM, Chepurina LS, Kireeva RM (1995) The hepatoprotective and

cholagogic action of glycyrrhizic acid derivatives. Eksp Klin Farmakol 58: 60-63.

. Platel K, Rao A, Saraswathi G, Srinivasan K (2002) Digestive stimulant action

of three Indian spice mixes in experimental rats. Nahrung 46: 394-398.

. Fuchs M (2003) Bile acid regulation of hepatic physiology: Ill. Regulation of bile

acid synthesis: past progress and future challenges. Am J Physiol Gastrointest
Liver Physiol 284: G551-G557.

. Nathanson MH, Boyer JL (2005) Mechanisms and regulation of bile secretion.

Hepatology 14: 551-566.

.Klaassen CD, Aleksunes LM (2010) Xenobiotic, bile acid, and cholesterol

transporters: function and regulation. Pharmacol Rev 62: 1-96.

. Chiang JYL (2009) Bile acids: regulation of synthesis. J Lipid Res 50: 1955-

1966.

.Glass GB (1982) Gastrointestinal peptide hormones as modulators of bile

secretion. Prog Liver Dis 7: 243-260.

. Higuchi H, Gores GJ (2003) Bile acid regulation of hepatic physiology: IV.

Bile acids and death receptors. Am J Physiol Gastrointest Liver Physiol 284:
G734-G738.

Kim YW, Kang HE, Lee MG, Hwang SJ, Kim SC, et al. (2009) Liquiritigenin, a
flavonoid aglycone from licorice, has a choleretic effect and the ability to induce
hepatic transporters and phase-Il enzymes. Am J Physiol Gastrointest Liver
Physiol 296: G372-G381.

. Nikolaev SM, Sambueva ZG, Tsyrenzhapov AV, Nikolaeva GG, Tankhaeva LM,

et al. (2003) Comparative choleretic properties of natural xanthone compounds
from Gentianopsis barbata. Eksp Klin Farmakol 66: 29-31.

Babenko NO, Shakhova OH (2005) Age-dependent effects of flavonoids on
secretory function of the rat liver. Fiziol Zh 51: 65-69.

Glasl S, Tsendayush D, Batchimeg U, Holec N, Wurm E, et al. (2007) Choleretic
effects of the mongolian medicinal plant Saussurea amara in the isolated
perfused rat liver. Planta Med 73: 59-66.

Yamahara J, Miki K, Chisaka T, Sawada T, Fujimura H, et al. (1985) Cholagogic
effect of ginger and its active constituents. J Ethnopharmacol 13: 217-225.

Benedek B, Kopp B (2007) Achillea millefolium L. s.l. revisited: Recent findings
confirm the traditional use. Wien Med Wochenschr 157: 312-314.

Shukla B, Visen PKS, Patnaik GK, Kapoor NK, Dhawan BN (1992)

28.

29.

30.

3

=

32.

3

w

34.

3

(&2

36.

37.

38

3

©

40.

4

iy

42.

4

w

44,

4

[$2]

Hepatoprotective effect of an active constituent isolated from the leaves of
Ricinus communis Linn. Drug Dev Res 26: 183-193.

. Crocenzi FA, Pellegrino JM, Pozzi EJS, Mottino AD, Garay EAR, et al. (2000)

Effect of silymarin on biliary bile salt secretion in the rat. Biochem Pharmacol
59: 1015-1022.

Tripathi GS, Tripathi YB (1991) Choleretic action of andrographolide obtained
from Andrographis paniculata in rats. Phytother Res 5: 176-178.

Kimura M, Matsui K (1972) Pharmacological properties of Fumaria officinalis
extract and its main component protopine having choleretic and cholekinetic
actions. Oyo Yakuri 6: 501-508.

Stukla B, Visen PK, Patnaik GK, Dhawan BN (1991) Choleretic effect of picroliv,
the hepatoprotective principle of Picrorrhzia kurroa. Planta Med 57: 29-33.

.Marzio L, Di Felice F, Celiberti V, Pieramico O, Grossi L, et al. (1990) Effects

of cimetropium bromide on gallbladder contraction in response to oral and
intraduodenal olive oil. Eur J Clin Pharmacol 39: 369-372.

Jonkers 1J, Ledeboer M, Steens J, Smelt AH, Masclee AA (2000) Effects of
very long chain versus long chain triglycerides on gastrointestinal motility and
hormone release in humans. Dig Dis Sci 45: 1719-1726.

. Symersky T, Vu MK, Frélich M, Biemond |, Masclee AA (2002) The effect of

equicaloric medium-chain and long-chain triglycerides on pancreas enzyme
secretion. Clin Physiol Funct Imaging 22: 307-311.

Arai |, Komatsu Y, Hirai Y, Shingu K, Ida Y, et al. (1997) Stimulative effects of
saponin from kikyo-to, a Japanese herbal medicine, on pancreatic exocrine
secretion of conscious rats. Planta Med 63: 419-424.

.Purhonen AK, Herzig KH, Gabius HJ, André S, Ketterer S, et al. (2008)

Duodenal phytohaemagglutinin (red kidney bean lectin) stimulates gallbladder
contraction in humans. Acta Physiol 193: 241-247.

Zong L, QuY, Luo DX, Zhu ZY, Zhang S, et al. (2011) Preliminary experimental
research on the mechanism of liver bile secretion stimulated by peppermint oil.
J Dig Dis 12: 295-301.

Shoda J, Miura T, Utsunomiya H, Oda K, Yamamoto M, et al. (2004) Genipin
enhances Mrp2 (Abcc2)-mediated bile formation and organic anion transport in
rat liver. Hepatology 39: 167-178.

.Okada K, Shoda J, Kano M, Suzuki S, Ohtake N, et al. (2007) Inchinkoto,

a herbal medicine, and its ingredients dually exert Mrp2/MRP2-mediated
choleresis and Nrf2-mediated antioxidative action in rat livers. Am J Physiol
Gastrointest Liver Physiol 292: G1450-G1463.

. Mahagita C, Tanphichai K, Suksamrarn A, Ballatori N, Piyachaturawat P (2006)

4-Hydroxyacetophenone-induced choleresis in rats is mediated by the Mrp2-
dependent biliary secretion of its glucuronide conjugate. Pharmaceutical Res
23:2603-2610.

Tradtrantip L, Piyachaturawat P, Soroka CJ, Harry K, Mennone A, et al. (2007)
Phloracetophenone-induced choleresis in rats is mediated through Mrp2. Am J
Physiol Gastrointest Liver Physiol 293: G66-G74.

. Aburada M, Takeda S, Sakurai M, Harada M (1980) Pharmacological studies

of gardenia fruit. V. Mechanisms of inhibitory effect of genipin on gastric acid
secretion and its facilitatory effect on bile secretion in rats. J Pharmacobiodyn
3:423-433.

Takeda S, Endo T, Aburada M (1981) Pharmacological studies on iridoid
compounds. Ill. The choleretic mechanism of iridoid compounds. J
Pharmacobiodyn 4: 612-623.

. Crocenzi FA, Roma MG (2006) Silymarin as a new hepatoprotective agent in

experimental cholestasis: New possibilities for an ancient medication. Curr

Med Chem 13: 1055-1074.

Koch HP, Bachner J, Loffler E (1985) Silymarin: potent inhibitor of cyclic AMP
phosphodiesterase. Methods Find Exp Clin Pharmacol 7: 409-413.

. Crocenzi FA, Basiglio CL, Pérez LM, Portesio MS, Pozzi EJS, et al. (2005)

Silibinin prevents cholestasis-associated retrieval of the bile salt export pump,
Bsep, in isolated rat hepatocyte couplets: Possible involvement of cAMP.
Biochem Pharmacol 69: 1113-1120.

Med Aromat Plants
ISSN: 2167-0412 an open access journal

Volume 1+ Issue 5 « 1000107


http://www.ncbi.nlm.nih.gov/pubmed/1224644
http://www.ncbi.nlm.nih.gov/pubmed/1224644
http://www.ncbi.nlm.nih.gov/pubmed/6491876
http://www.ncbi.nlm.nih.gov/pubmed/6491876
http://www.ncbi.nlm.nih.gov/pubmed/16303291
http://www.ncbi.nlm.nih.gov/pubmed/16303291
http://www.ncbi.nlm.nih.gov/pubmed/16303291
http://www.ncbi.nlm.nih.gov/pubmed/3613606
http://www.ncbi.nlm.nih.gov/pubmed/3613606
http://www.ncbi.nlm.nih.gov/pubmed/3613606
http://www.ncbi.nlm.nih.gov/pubmed/7617771
http://www.ncbi.nlm.nih.gov/pubmed/7617771
http://www.ncbi.nlm.nih.gov/pubmed/7617771
http://www.ncbi.nlm.nih.gov/pubmed/16121523
http://www.ncbi.nlm.nih.gov/pubmed/16121523
http://www.sadgurupublications.com/ContentPaper/2010/7_1972_8%283%292010.pdf
http://www.sadgurupublications.com/ContentPaper/2010/7_1972_8%283%292010.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12211745
http://www.ncbi.nlm.nih.gov/pubmed/12211745
http://www.ncbi.nlm.nih.gov/pubmed/8704617
http://www.ncbi.nlm.nih.gov/pubmed/8704617
http://www.ncbi.nlm.nih.gov/pubmed/8704617
http://www.ncbi.nlm.nih.gov/pubmed/12577586
http://www.ncbi.nlm.nih.gov/pubmed/12577586
http://www.ncbi.nlm.nih.gov/pubmed/12631556
http://www.ncbi.nlm.nih.gov/pubmed/12631556
http://www.ncbi.nlm.nih.gov/pubmed/12631556
http://www.ncbi.nlm.nih.gov/pubmed/1874500
http://www.ncbi.nlm.nih.gov/pubmed/1874500
http://www.ncbi.nlm.nih.gov/pubmed/20103563
http://www.ncbi.nlm.nih.gov/pubmed/20103563
http://www.ncbi.nlm.nih.gov/pubmed/19346330
http://www.ncbi.nlm.nih.gov/pubmed/19346330
http://www.ncbi.nlm.nih.gov/pubmed/6125991
http://www.ncbi.nlm.nih.gov/pubmed/6125991
http://www.ncbi.nlm.nih.gov/pubmed/12684208
http://www.ncbi.nlm.nih.gov/pubmed/12684208
http://www.ncbi.nlm.nih.gov/pubmed/12684208
http://www.ncbi.nlm.nih.gov/pubmed/19074639
http://www.ncbi.nlm.nih.gov/pubmed/19074639
http://www.ncbi.nlm.nih.gov/pubmed/19074639
http://www.ncbi.nlm.nih.gov/pubmed/19074639
http://www.ncbi.nlm.nih.gov/pubmed/14558348
http://www.ncbi.nlm.nih.gov/pubmed/14558348
http://www.ncbi.nlm.nih.gov/pubmed/14558348
http://www.ncbi.nlm.nih.gov/pubmed/16201153
http://www.ncbi.nlm.nih.gov/pubmed/16201153
http://www.ncbi.nlm.nih.gov/pubmed/17177133
http://www.ncbi.nlm.nih.gov/pubmed/17177133
http://www.ncbi.nlm.nih.gov/pubmed/17177133
http://www.ncbi.nlm.nih.gov/pubmed/4021519
http://www.ncbi.nlm.nih.gov/pubmed/4021519
http://www.ncbi.nlm.nih.gov/pubmed/17704978
http://www.ncbi.nlm.nih.gov/pubmed/17704978
http://onlinelibrary.wiley.com/doi/10.1002/ddr.430260207/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ddr.430260207/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ddr.430260207/abstract
http://www.ncbi.nlm.nih.gov/pubmed/10692567
http://www.ncbi.nlm.nih.gov/pubmed/10692567
http://www.ncbi.nlm.nih.gov/pubmed/10692567
http://onlinelibrary.wiley.com/doi/10.1002/ptr.2650050408/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ptr.2650050408/abstract
http://books.google.co.in/books?id=BbP_xMSc000C&pg=PA125&lpg=PA125&dq=Pharmacological+properties+of+Fumaria+officinalis+extract+and+its+main+component+protopine+having+choleretic+and+cholekinetic+actions.&source=bl&ots=VMppuY5j6W&sig=fQIC78Uni5nuFc_bt2G1r4
http://books.google.co.in/books?id=BbP_xMSc000C&pg=PA125&lpg=PA125&dq=Pharmacological+properties+of+Fumaria+officinalis+extract+and+its+main+component+protopine+having+choleretic+and+cholekinetic+actions.&source=bl&ots=VMppuY5j6W&sig=fQIC78Uni5nuFc_bt2G1r4
http://books.google.co.in/books?id=BbP_xMSc000C&pg=PA125&lpg=PA125&dq=Pharmacological+properties+of+Fumaria+officinalis+extract+and+its+main+component+protopine+having+choleretic+and+cholekinetic+actions.&source=bl&ots=VMppuY5j6W&sig=fQIC78Uni5nuFc_bt2G1r4
http://www.ncbi.nlm.nih.gov/pubmed/2062954
http://www.ncbi.nlm.nih.gov/pubmed/2062954
http://www.ncbi.nlm.nih.gov/pubmed/2076720
http://www.ncbi.nlm.nih.gov/pubmed/2076720
http://www.ncbi.nlm.nih.gov/pubmed/2076720
http://www.ncbi.nlm.nih.gov/pubmed/11052310
http://www.ncbi.nlm.nih.gov/pubmed/11052310
http://www.ncbi.nlm.nih.gov/pubmed/11052310
http://www.ncbi.nlm.nih.gov/pubmed/12487002
http://www.ncbi.nlm.nih.gov/pubmed/12487002
http://www.ncbi.nlm.nih.gov/pubmed/12487002
http://www.ncbi.nlm.nih.gov/pubmed/9342945
http://www.ncbi.nlm.nih.gov/pubmed/9342945
http://www.ncbi.nlm.nih.gov/pubmed/9342945
http://www.ncbi.nlm.nih.gov/pubmed/18248661
http://www.ncbi.nlm.nih.gov/pubmed/18248661
http://www.ncbi.nlm.nih.gov/pubmed/18248661
http://www.ncbi.nlm.nih.gov/pubmed/21791024
http://www.ncbi.nlm.nih.gov/pubmed/21791024
http://www.ncbi.nlm.nih.gov/pubmed/21791024
http://www.ncbi.nlm.nih.gov/pubmed/14752835
http://www.ncbi.nlm.nih.gov/pubmed/14752835
http://www.ncbi.nlm.nih.gov/pubmed/14752835
http://www.ncbi.nlm.nih.gov/pubmed/17038627
http://www.ncbi.nlm.nih.gov/pubmed/17038627
http://www.ncbi.nlm.nih.gov/pubmed/17038627
http://www.ncbi.nlm.nih.gov/pubmed/17038627
http://www.ncbi.nlm.nih.gov/pubmed/17009103
http://www.ncbi.nlm.nih.gov/pubmed/17009103
http://www.ncbi.nlm.nih.gov/pubmed/17009103
http://www.ncbi.nlm.nih.gov/pubmed/17009103
http://www.ncbi.nlm.nih.gov/pubmed/17363469
http://www.ncbi.nlm.nih.gov/pubmed/17363469
http://www.ncbi.nlm.nih.gov/pubmed/17363469
http://www.ncbi.nlm.nih.gov/pubmed/7205548
http://www.ncbi.nlm.nih.gov/pubmed/7205548
http://www.ncbi.nlm.nih.gov/pubmed/7205548
http://www.ncbi.nlm.nih.gov/pubmed/7205548
http://www.ncbi.nlm.nih.gov/pubmed/7299624
http://www.ncbi.nlm.nih.gov/pubmed/7299624
http://www.ncbi.nlm.nih.gov/pubmed/7299624
http://www.ncbi.nlm.nih.gov/pubmed/16611084
http://www.ncbi.nlm.nih.gov/pubmed/16611084
http://www.ncbi.nlm.nih.gov/pubmed/16611084
http://www.ncbi.nlm.nih.gov/pubmed/3001454
http://www.ncbi.nlm.nih.gov/pubmed/3001454
http://www.ncbi.nlm.nih.gov/pubmed/15763547
http://www.ncbi.nlm.nih.gov/pubmed/15763547
http://www.ncbi.nlm.nih.gov/pubmed/15763547
http://www.ncbi.nlm.nih.gov/pubmed/15763547

	Title
	Corresponding author
	Abstract 
	Herbal Cholagogues and Choleretics 
	Bile Production and Enterohepatic Circulation 
	Choleretically Active Plant Compounds  
	Cholecystokinin-dependent Choleresis 
	Cholecystokinin-independent Choleresis 
	BSEP- and MRP-dependent Choleresis 
	Conclusion
	Disclaimer
	Table 1
	References



