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Natural Product-Derived Drugs for the Treatment of
Inflammatory Bowel Diseases

Young-Eun Joo

Department of Internal Medicine, Chonnam National University Medical School, Gwangju, Korea

Natural products have been used as drugs for millennia, and the therapeutic potential of natural products has been studied for
more than a century. Since the mid-1880s, approximately 60% of drugs have originated from natural products. Recently, the
importance of using natural products has increased, as has interest in discovering efficient new drugs. Natural drugs are desir-
able for the treatment of inflammatory bowel diseases, such as ulcerative colitis and Crohn’s disease. This review discusses the
discovery and development of drugs derived from natural products for the treatment of inflammatory bowel diseases. (Intest

Res 2014;12:103-109)

Key Words: Natural product; Drug discovery; Inflammatory bowel disease

INTRODUCTION

Korean legislation governing the research and develop-
ment of natural product-derived drugs defines a natural
product as that originating from a living organism, including
cells or tissue cultures produced from animals and plants.
Natural products have been used as drugs for millennia in
diverse Asian medical traditions: Korean Hanyak, Tradition-
al Chinese Medicine, Japanese Kampo medicine, Indian Ay-
urvedic medicine, and Indonesian Jamu medicine. Early in
their use, these agents were administered as teas, hot packs,
powders, or liquids.

Studies focused on the functions, chemical structures, ac-
tivities, effective production methods, and usage of substanc-
es developed from natural products began around the end of
the 18" century. The first scientific study of natural products
described extraction of tartaric acid from grapes, citric acid
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from lemons, malic acid from apples, lactic acid from milk,
and uric acid from urine.' In 1805, a 21-year-old German
pharmacist, Friedrich Serturner, separated morphine from
opium, which represented the first pharmacologically active
plant-derived compound.” Since then, alkaloids, terpenoids,
and glycosides have been isolated, and their chemical struc-
tures determined. Early in the 20" century, a microelement
analysis method was developed that enabled the production
of natural organic compounds from a small amount of raw
material. The Russian botanist Mikhail Tswet introduced
column chromatography for the separation of substances,
which spurred the discovery of numerous biologically active
substances, ushering in an era of natural product chemistry.
Some of the most important medications developed in the
20" century were synthesized steroids, whose raw materials
came from plants. Oral contraceptive pills and adrenocorti-
cal hormones are synthesized from the raw materials of
Dioscorea macrostachya and the alkaloid diosgenin. Once
the functionality of a natural product is confirmed, it may
be used in a wide variety of products, including pesticides,
functional foods, cosmetics, and drugs. Natural product-
derived substances can be profitable; Dong-A Pharmaceuti-
cal has earned approximately 400 billion won since the 2002
approval of Stillen, the best-selling natural-product-derived
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drug in Korea, whose raw material is Moxa extract.

In the early 1940s, approximately 90% of drugs were de-
rived from natural products. From 1940 to the mid-1980s,
most new drugs were organically synthesized. Since that
time, approximately 60% of new drugs have originated from
natural products.’ In particular, anticancer agents, as well as
medications for pain, and disorders of the nervous system,
metabolism, and the circulatory system are typically derived
from natural products.

This review is focused on natural products that are actively
under investigation for the treatment of IBDs."

NATURAL PRODUCTS UNDER INVESTIGATION
FOR THE TREATMENT OF IBDs

1.Aloe Vera

Aloe vera (aloe) is a tropical plant used globally in tra-
ditional medicine.’ Its efficacy has been confirmed for the
treatment of UC. Aloe gel is the mucous extracted from the
leaves of Aloe vera. Because aloe juice has anti-inflammato-
ry effects, some doctors have used it to treat UC patients.” A
small-scale, double-blind, randomized controlled trial was
conducted to investigate the efficacy of aloe gel for the treat-
ment of mild-to-moderate UC, which involved oral intake
of 100 mg of aloe gel for 4 weeks (30 participants) or oral
intake of a placebo substance (14 participants). Nine (30%)
of the 30 participants who ingested aloe gel experienced a
clinical remission, while 11 (37%) showed improvement. In
the control group, 1 participant (7%) experienced clinical
remission, while 2 (14%) showed improvement.” Neverthe-
less, this study had a small sample size, and, compared with
other studies, the control group’s response to the placebo
substance was low. Although the exact mechanism of aloe is
not fully understood, an in vitro study found that aloe gel re-
duced secretion of prostaglandin E2 and interleukin-18 (IL-
18) in the colon mucosa, which suggested that the gel had
anti-inflammatory and anti-microbial effects.” In an in vivo
study, aloe extract reduced tumor necrosis factor-o (TNF-«)
levels and the expression of IL-15 mRNA, which were indica-
tive of anti-inflammatory effects.

2. Boswellia Serrata
Boswellia serrata is an Indian mastic tree, and the resin
collected from its stem has been used in traditional medi-

cine. Boswellic acid, which is thought to contain most of the
pharmacologically active ingredients present in the resin, is
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the substance extracted from B. serrata. In vitro and in vivo,
boswellic acid selectively blocked 5-lipoxygenase, indicating
an anti-inflammatory effect.” Because IBD is associated with
increased leukotriene function, the effect of boswellic acid on
UC was confirmed," and its efficacy in reducing edema and
inflammation in the small intestine was also confirmed." In
a study using B. serrata in 30 chronic UC patients, its efficacy
on UC with minimal side effects was confirmed." In animal
experiments, B. serrata was confirmed to be effective for the
treatment of CD, UC, and ileitis.”

3. Licorice

Licorice root has been used in Chinese and Korean tradi-
tional medicine. Glycyrrhizin (chemical formula, C,,Hg,0 )
is extracted from licorice and used as an artificial sweetner.
In a study conducted on refined glycyrrhizin, diammonium
glycyrrhizinate was confirmed to be useful for the treatment
of UC."” Diammonium glycyrrhizinate was confirmed to re-
duce inflammation by reducing levels of nuclear factor-kap-
pa B (NF-«B), TNF-a, and intercellular adhesion molecule-1
in the intestinal mucosa of mouse."'

4. Slippery Elm (Ulmus Rubra)

Slippery Elm has been used traditionally to treat coughing,
diarrhea, and gastrointestinal tract diseases by Native Ameri-
cans. Recently, the bark of Slippery EIm was suggested to be
effective for treating IBD patients owing to its antioxidant
effects.””'® However, further studies are needed to confirm its

efficacy.
5. Tormentil (Potentilla Erecta)

Tormentil (Potentilla erecta) is a perennial plant belong-
ing to the order Rosales, family Rosaceae. Its roots are rich
in tannins, which have anti-inflammatory effects. In a small-
scale study, tormentil was confirmed to be effective against
infectious diarrhea and for the prevention of travelers’ diar-
rhea.'” Another study confirmed its antioxidant effects in
IBD patients.” In yet another study, the administration of
various doses of tormentil extract to 16 patients resulted in
clinical improvement during the administration period, but
the clinical activity index increased upon completion of ad-
ministration.'®

www.irjournal.org
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6. Wheat Grass (Triticum Aestivum)

Wheat juice has been used for more than 30 years as a
treatment for inflammatory diseases and various gastroin-
testinal tract diseases, including cancer, but no clinical data
are available. However, the intake of fresh wheat juice on an
empty stomach has been shown to be an effective treatment.
In a randomized controlled trial with a small sample size
conducted in 2002, wheat juice produced a 70% improve-
ment in distal UC patients without serious side effects."

7. Curcumin

Curcumin is a polyphenol extracted from the root of the
East Indian rhizomatous perennial Curcuma longa (Zingib-
eraceae). The rhizomes of C. longa are used to produce
turmeric, which is an ingredient in curries and other Indian
dishes, and is also used as a yellow pigment. Curcumin, a
primary component of turmeric, has been shown to have an-
tioxidant, anti-inflammatory, and anti-cancer effects, and to
be effective against enteritis in vitro and in vivo.”” Curcumin
reduces local production of cytokines and chemokines, and
inhibits infiltration of neutrophils into the mucous mem-
brane. It also controls inflammation by regulating genes
associated with oxidative stress and fiberization. The anti-
inflammatory effect of curcumin is mediated by interference
with arachidonic acid synthesis and blocking the NF-«
B activity that is associated with the synthesis of cyclooxy-
genase 2, 5-lipoxygenase, and inducible nitric oxide.”' There
have been 2 human studies on IBD, including a pilot study
conducted on 5 UC and 5 CD patients.” In this study, 5 UC
patients and 4 CD patients showed improvement. In a multi-
institutional, randomized, double-blind study targeting 89
non-active UC patients, 45 patients took 1 g of curcumin
every day in addition to sulfasalazine or mesalazine, while
44 patients took a placebo substance in addition to sulfasala-
zine or mesalazine.” After 6 months, 2 (4.65%) of 43 patients
who received curcumin (excluding 2 patients who did not
follow the protocol) experienced recurrence, compared to 8
(20.51%) of 39 patients who received a placebo substance. In
addition, the curcumin-treated group showed better average
clinical activity indices and endoscopic indices than the pla-
cebo group.

8. Coriolus Versicolor

Coriolus versicolor is also known as the cloud mushroom,
and its extracted polysaccharide constituent has anti-cancer
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and anti-IBD properties.”' In a dextran sulfate sodium (DSS)-
induced colitis model, C. versicolor extract reduced the
expression of pro-inflammatory cytokines, including TNF-«,
IL-1B3, and IL-6. Furthermore, it reduced expression of signal
transducers and activators of transcription 1 (STAT1) and
STAT6 molecules, which reduced expression of interferon-
gamma (IFN-y) and IL-4.

9. Inonotus Obliquus (Chaga)

Chaga is a parasitic mushroom that grows on birch trees in
cold regions. Since the 16" century, Chaga has been used in
Russia and Eastern Europe as a folk remedy for various dis-
eases with few, if any, side effects. In Northern and Eastern
Russia, Chaga solution has been used for the prevention and
treatment of gastrointestinal tract diseases.” Chaga contains
steroids, including polyphenolics, triterpenoids, lanosterol,
inotodiol, trametenolic acids, and ergosterol peroxides.”® A
recent study reported that I obliquus extracts inhibited coli-
tis in DSS-induced BALB/c mice, and reduced expression of
TNF-g, IL-4, STAT1, and STAT6.*

10. Prunus Mume

Prunus mume is a deciduous tree of the family Rosaceae,
and its fruit has been used as a Korean folk remedy for fe-
ver, coughing, and intestinal diseases.”” The smoked and
dried immature fruit of P mume, which are called “‘Omae,
have been used in traditional medicine. Omae extract was
approved as a drug in 2001 by the China Food and Drug
Administration (Approval No. Z11021100), and has been re-
ported to improve colitis symptoms by reversing large intes-
tine damage and abnormally increased cytokine secretion.”
A study conducted in Korea reported that P mume mixture
reduced the expression of TNF-¢, cyclooxygenase-2 (COX-
2), IL-4, STAT6, INF-y, and STAT1 in a DSS mouse model.”’

11. Gardenia Jasminoides

Gardenia jasminoides has been used in Asia as a folk
remedy, and its extract has anti-oxidant effects, such as the
removal of various radicals. An in vitro study confirmed this
anti-oxidant capability, as well as nitrite elimination, linoleic
acid oxidation-blocking ability, and activities similar to su-
peroxide dismutase and catalase.” In a DSS-induced mouse
model of enteritis, glycoprotein separated from the fruits of
G. jasminoides inhibited myeloperoxidase activity and re-
duced the reactive substance concentration of thiobarbituric
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acid and the production of nitric oxide. Over-generation of
inducible nitric oxide synthase (iNOS), COX-2, and NF-kB
were also blocked by administration of the glycoprotein iso-
lated from G. jasminoides.”

12. Ginger

Ginger is used as a spice and has anti-oxidant effects. In a
mouse model of 2,4,6-trinitrobenzenesulfonic acid (TNBS)-
induced enteritis, ginger and its constituent zingerone im-
proved enteritis symptoms. Ginger and zingerone inhibited
NEF-kB activity and reduced IL-18 protein concentration in
the large intestine.”

13. Garcinia Cambogia

Garcinia cambaogia (also known as Malabar tamarind) is
a plant native to Southeast Asia. Its fruit extract has various
pharmacological effects, including anti-ulcer activity. In a
TNBS-induced mouse model of enteritis, G. cambogia ex-
tract produced anti-inflammatory effects; it inhibited expres-
sion of myeloperoxidase, COX-2, and iNOS, and reduced
concentrations of prostaglandin E2 and IL-14.”

14. Green Tea

Green tea is made from the leaves of Camellia sinensis.
Polyphenols in green tea, such as catechin, act as antioxi-
dants that prevent the activity and transcription of NF-kB.
Catechin has been shown to reduce concentrations of in-
flammation mediators in vivo and in vitro.” Epigallocate-
chin-3-gallate (EGCG), a gallic acid ester of catechin, blocks
the production of TNF-a, IFN-y, NF-kB, and p65, which re-
duces inflammation in the intestinal mucous membrane.”**’
In addition, EGCG improves severe enteritis symptoms and

reduces myeloperoxidase activity.”
15. Flavonoids

Flavonoids can act as antioxidants that prevent produc-
tion of free radicals. Rutin (3-O-rhamnosyl-glucosyl-querce-
tin) is a common flavonoid found in buckwheat, parsley, and
apricot. Rutin has been shown to be effective in the TNBS-
induced colitis and acetic acid-induced colitis models in

3910 Rutin was also effective in a DSS-induced mouse

mice.
model, and has been confirmed to produce anti-inflam-
matory effects through inhibition of IL-13 and IL-6 gene

expression. Rutin has been confirmed to possess preventive
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and treatment effects in intestinal diseases. Low-dose Rutin
improves enteritis symptoms through its regulation of pro-
inflammatory mediator genes, such as IL-1p, IL-6, granulo-
cyte-macrophage colony-stimulating factor, and iNOS."

16. Drug Development using Natural Products (Fig. 1)

The development of drugs based on natural products is
usually initiated by botanists, folk botanists, folk pharma-
cologists, and botanical ecologists, who have collected data
on plants containing compounds that are efficacious folk
remedies.”* Because basic clinical and toxicological infor-
mation, which is necessary for the development of natural
product-derived drugs, can be obtained from accounts of
personal experience and books on traditional medicine, the
time needed to select new drug candidates and collect rel-
evant information may be shortened, compared with that of
traditional laboratory-based library screening methods for
drug discovery and development."

Botanical chemists prepare plant extracts that are biologi-
cally screened. Through quantitative analyses, the activities
and features of compounds are confirmed, and a separation
process is initiated. Using molecular biology, physiologically
appropriate molecular goals are determined.”*® Because
natural products under study have often been used as folk
remedies for centuries or millennia, their efficacy and toxic-
ity have often been verified. Accordingly, new drug devel-
opment may be completed in a short period of time at a
comparatively low cost. However, due to the unique charac-
teristics of natural products, it is difficult to collect and stan-
dardize data on their mechanisms and pharmacological ef-
fects, and a high level of effort may be required to overcome
these difficulties."”

Even after a drug is successfully developed, side-effect pre-
vention and quality control are challenging tasks, because
natural products contain more ingredients than synthetic
drugs, which complicate studies of their mechanisms of ac-
tion. Side effects of drugs made from natural products are
often reported, and in these cases toxicity may have resulted
from the natural products themselves, heavy metal contami-
nation, or pesticides/herbicides used during the cultivation
process." These factors affect the quality of drugs made from
natural products, and supervision and management of natu-
ral products are necessary to mitigate their influence. The
ingredients, dose, and efficacy of a drug isolated from a natu-
ral product may vary according to climate, place of origin,
soil, cultivation method, time of collection, and processing
method. Therefore, the consistent effort of pharmacologists,
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botanical chemists, and natural product scientists is neces-
sary to improve the quantity and quality of these drugs."’

The development of a new drug usually takes more than
10 years and costs more than $800 million.” During the
development process, time and effort are spent that are not
guaranteed to result in a successful drug. In general, for ev-
ery 5,000 candidate compounds, only 1 compound success-
fully progresses through clinical trials and earns approval for
clinical use.”

CONCLUSIONS

Interest is growing in the development of efficient new
drugs derived from natural sources for the treatment of IBDs,
such as UC and CD. As frequently reported in clinical trials,
many intestinal disease patients have tried natural products
and show great interest in them. This patient preference
should encourage the development of new drugs derived
from natural products.

www.irjournal.org
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Fig. 1. Schematic of the process of drug
discovery from natural products.

REFERENCES

[9)]

. Cassebaum H. News of the discovery of acids in organic mate-

rial by C.W. Scheele (author’s transl). Pharmazie 1981;36:135-
138.

. Hamilton GR, Baskett TE. In the arms of Morpheus the develop-

ment of morphine for postoperative pain relief. Can J Anaesth
2000;47:367-374.

.Newman DJ, Cragg GM, Snader KM. Natural products as

sources of new drugs over the period 1981-2002. ] Nat Prod
2003;66:1022-1037.

. Itokawa H, Morris-Natschke SL, Akiyama T, Lee KH. Plant-

derived natural product research aimed at new drug discovery.
J Nat Med 2008;62:263-280.

. Hur §J, Kang SH, Jung HS, et al. Review of natural products ac-

tions on cytokines in inflammatory bowel disease. Nutr Res
2012;32:801-816.

. Ng SC, Lam YT, Tsoi KK, Chan FK, Sung JJ, Wu JC. Systematic

review: the efficacy of herbal therapy in inflammatory bowel
disease. Aliment Pharmacol Ther 2013;38:854-863.

107



Young-Eun Joo ¢ Natural Product-Derived Drugs for Intestinal Diseases

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

10

. Langmead L, Chitnis M, Rampton DS. Use of complementary
therapies by patients with IBD may indicate psychosocial dis-
tress. Inflamm Bowel Dis 2002;8:174-179.

. Langmead L, Makins RJ, Rampton DS. Anti-inflammatory ef-
fects of aloe vera gel in human colorectal mucosa in vitro. Ali-
ment Pharmacol Ther 2004;19:521-527.

. Dahmen U, Gu YL, Dirsch O, et al. Boswellic acid, a potent anti-

inflammatory drug, inhibits rejection to the same extent as high

dose steroids. Transplant Proc 2001;33:539-541.

Gupta I, Parihar A, Malhotra P, et al. Effects of gum resin of

Boswellia serrata in patients with chronic colitis. Planta Med

2001;67:391-395.

Singh S, Khajuria A, Taneja SC, Johri RK, Singh J, Qazi GN.

Boswellic acids: A leukotriene inhibitor also effective through

topical application in inflammatory disorders. Phytomedicine

2008;15:400-407.

Krieglstein CE Anthoni C, Rijcken EJ, et al. Acetyl-11-keto-beta-

boswellic acid, a constituent of a herbal medicine from Boswell-

ia serrata resin, attenuates experimental ileitis. Int ] Colorectal

Dis 2001;16:88-95.

Kudo T, Okamura S, Zhang Y, Masuo T, Mori M. Topical applica-

tion of glycyrrhizin preparation ameliorates experimentally in-

duced colitis in rats. World J Gastroenterol 2011;17:2223-2228.

Yuan H, Ji WS, Wu KX, Jiao JX, Sun LH, Feng YT. Anti-inflamma-

tory effect of Diammonium Glycyrrhizinate in a rat model of

ulcerative colitis. World ] Gastroenterol 2006;12:4578-4581.

Langmead L, Dawson C, Hawkins C, Banna N, Loo S, Rampton

DS. Antioxidant effects of herbal therapies used by patients

with inflammatory bowel disease: an in vitro study. Aliment

Pharmacol Ther 2002;16:197-205.

Langmead L, Rampton DS. Review article: complementary and

alternative therapies for inflammatory bowel disease. Aliment

Pharmacol Ther 2006;23:341-349.

Subbotina MD, Timchenko VN, Vorobyov MM, Konunova YS,

Aleksandrovih YS, Shushunov S. Effect of oral administration of

tormentil root extract (Potentilla tormentilla) on rotavirus diar-

rthea in children: a randomized, double blind, controlled trial.

Pediatr Infect Dis ] 2003;22:706-711.

Huber R, Ditfurth AV, Amann E et al. Tormentil for active ulcer-

ative colitis: an open-label, dose-escalating study. J Clin Gastro-

enterol 2007;41:834-838.

Ben-Arye E, Goldin E, Wengrower D, Stamper A, Kohn R, Berry

E. Wheat grass juice in the treatment of active distal ulcerative

colitis: a randomized double-blind placebo-controlled trial.

Scand J Gastroenterol 2002;37:444-449.

Ali T, Shakir E Morton J. Curcumin and inflammatory bowel

disease: biological mechanisms and clinical implication. Diges-

tion 2012;85:249-255.

8

21.

22.

23.

24,

26.

27.

28.

29.

30.

31

32.

33.

34.

INTESTINAL RESEARCH

Cuendet M, Pezzuto JM. The role of cyclooxygenase and lipoxy-
genase in cancer chemoprevention. Drug Metabol Drug Inter-
act 2000;17:109-157.

Holt PR, Katz S, Kirshoff R. Curcumin therapy in inflammatory
bowel disease: a pilot study. Dig Dis Sci 2005;50:2191-2193.
Hanai H, lida T, Takeuchi K, et al. Curcumin maintenance
therapy for ulcerative colitis: randomized, multicenter, double-
blind, placebo-controlled trial. Clin Gastroenterol Hepatol
2006;4:1502-1506.

Lim BO. Coriolus versicolor suppresses inflammatory bowel
disease by Inhibiting the expression of STAT1 and STAT6 as-
sociated with IFN-gamma and IL-4 expression. Phytother Res
2011;25:1257-1261.

. Wasser SP, Weis AL. Therapeutic effects of substances occur-

ring in higher Basidiomycetes mushrooms: a modern perspec-
tive. Crit Rev Immunol 1999;19:65-96.

Kim YO, Park HW, Kim JH, Lee JY, Moon SH, Shin CS. Anti-
cancer effect and structural characterization of endo-polysac-
charide from cultivated mycelia of Inonotus obliquus. Life Sci
2006;79:72-80.

Mishra SK, Kang JH, Kim DK, Oh SH, Kim MK. Orally adminis-
tered aqueous extract of Inonotus obliquus ameliorates acute
inflammation in dextran sulfate sodium (DSS)-induced colitis
in mice. ] Ethnopharmacol 2012;143:524-532.

Debnath T, Kim da H, Lim BO. Natural products as a source of
anti-inflammatory agents associated with inflammatory bowel
disease. Molecules 2013;18:7253-7270.

Liu L, Yuan S, Sun Y, et al. The possible mechanisms of Fructus
Mume pill in the treatment of colitis induced by 2,4,6-trinitro-
benzene sulfonic acid in rats. ] Ethnopharmacol 2009;126:557-
564.

Jin HL, Lee BR, Lim KJ, Debnath T, Shin HM, Lim BO. Anti-
inflammatory effects of Prunus mume mixture in colitis in-
duced by dextran sodium sulfate. Korean ] Medicinal Crop Sci
2011;19:16-23.

Chen Y, Zhang H, Li YX, et al. Crocin and geniposide profiles
and radical scavenging activity of gardenia fruits (Gardenia jas-
minoides Ellis) from different cultivars and at the various stages
of maturation. Fitoterapia 2010;81:269-273.

Oh PS, Lim KT. Plant originated glycoprotein has anti-oxidative
and anti-inflammatory effects on dextran sulfate sodium-
induced colitis in mouse. ] Biomed Sci 2006;13:549-560.
Hsiang CY, Lo HY, Huang HC, Li CC, Wu SL, Ho TY. Ginger
extract and zingerone ameliorated trinitrobenzene sulphonic
acid-induced colitis in mice via modulation of nuclear factor-
kappaB activity and interleukin-1beta signalling pathway. Food
Chem 2013;136:170-177.

dos Reis SB, de Oliveira CC, Acedo SC, et al. Attenuation of coli-

www.irjournal.org



INTESTINAL RESEARCH

35.

36.

37.

38.

39.

40.

41.

tis injury in rats using Garcinia cambogia extract. Phytother Res
2009;23:324-329.

Dryden GW, Song M, McClain C. Polyphenols and gastrointes-
tinal diseases. Curr Opin Gastroenterol 2006;22:165-170.

Yang E Oz HS, Barve S, de Villiers WJ, McClain CJ, Varilek GW.
The green tea polyphenol (-)-epigallocatechin-3-gallate blocks
nuclear factor-kappa B activation by inhibiting I kappa B kinase
activity in the intestinal epithelial cell line IEC-6. Mol Pharma-
col 2001;60:528-533.

Ran ZH, Chen C, Xiao SD. Epigallocatechin-3-gallate amelio-
rates rats colitis induced by acetic acid. Biomed Pharmacother
2008;62:189-196.

Abboud PA, Hake PW, Burroughs TJ, et al. Therapeutic effect
of epigallocatechin-3-gallate in a mouse model of colitis. Eur J
Pharmacol 2008;579:411-417.

Cruz T, Galvez J, Ocete MA, Crespo ME, Sanchez de Medina
LHE Zarzuelo A. Oral administration of rutoside can ameliorate
inflammatory bowel disease in rats. Life Sci 1998;62:687-695.
Galvez ], Cruz T, Crespo E, et al. Rutoside as mucosal protective
in acetic acid-induced rat colitis. Planta Med 1997;63:409-414.
Kwon KH, Murakami A, Tanaka T, Ohigashi H. Dietary rutin, but
not its aglycone quercetin, ameliorates dextran sulfate sodium-
induced experimental colitis in mice: attenuation of pro-inflam-

matory gene expression. Biochem Pharmacol 2005;69:395-406.

www.irjournal.org

42.

43.

44,

46.

47.

48.

49.

http://dx.doi.org/10.5217/ir.2014.12.2.103 « Intest Res 2014;12(2):103-109

Burke MD, Berger EM, Schreiber SL. A synthesis strategy yield-
ing skeletally diverse small molecules combinatorially. ] Am
Chem Soc 2004;126:14095-14104.

Balunas MJ, Kinghorn AD. Drug discovery from medicinal
plants. Life Sci 2005;78:431-441.

Mishra BB, Tiwari VK. Natural products: an evolving role in fu-
ture drug discovery. Eur ] Med Chem 2011;46:4769-4807.

. Michel T, Halabalaki M, Skaltsounis AL. New concepts, experi-

mental approaches, and dereplication strategies for the discov-
ery of novel phytoestrogens from natural sources. Planta Med
2013;79:514-532.

Hsieh PW, Hung CFE Fang JY. Current prodrug design for drug
discovery. Curr Pharm Des 2009;15:2236-2250.

Reichert JM. Trends in development and approval times for
new therapeutics in the United States. Nat Rev Drug Discov
2003;2:695-702.

Descotes J. Immunotoxicology: role in the safety assessment of
drugs. Drug Saf 2005;28:127-136.

Potterat O, Hamburger M. Drug discovery and development
with plant-derived compounds. Prog Drug Res 2008;65:45, 47-
118.

. Dickson M, Gagnon JP. Key factors in the rising cost of new drug

discovery and development. Nat Rev Drug Discov 2004;3:417-
429.

109



