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Review of Pharmacological Effects of Coptidis Rhizoma and its Bioactive
Compounds

Ki Bae Kim, Hyung Tak Lee, Kyung Howi Ku, Jin Woo Hongl, Su In Cho’

'Department of Internal Medicine, School of Korean Medicine, Pusan National University, Yangsan, Korea
Division of Pharmacology, School of Korean Medicine, Pusan National University, Yangsan, Korea

Objectives: Coptidis Rhizoma is one of the most popular and multi-purpose herbs in traditional medicine. The purpose
of this study was to contribute to research and applications of Coptidis Rhizoma in clinic, by analyzing and reviewing
international studies on its chemical compositions and pharmacological effects.

Methods: This study analyzed 344 articles published from 2000 to 2010 in PubMed, Refworks, Riss, and KTKP. The
search keywords were “Coptis chinensis”, “Coptis japonica”, “Coptidis Rhizoma”, “huanglian” and ‘“huanglian in
Chinese”. From them, we selected 114 articles which met our inclusion criteria.

Results: This study reviewed 114 articles on Coptidis Rhizoma and its active components in terms of 'Active
components', 'Experimental studies', 'Clinical studies', 'Industrial use' and 'Side Effects/Toxicity'.

Conclusions: The active components of Coptidis Rhizoma are berberine, coptisine, epiberberine, palmatine,
jateorrhizine, magnoflorine, worenine, etc. It is reported that Coptidis Rhizoma and its active components have
anti-inflammatory, antibacterial, antitumor, and antioxidant activity, and cardiovascular, hepatoprotective, antidiabetic,
neuroprotective, gastrointestinal, pain relieving, discharge phlegm and metrocyte proliferation effects. Moreover, we
found that Coptidis Rhizoma can be used for bath preparation, cosmetic products and as a natural antimicrobial
substance.

Key Words : Coptis chinensis, Coptis japonica, Coptidis Rhizoma, huanglian, berberine, coptisine
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Table 1. Principle Constituents of Coptis Rhizoma

Active components Major Effects
0”_\0
e O - Anti-inflammatory activitylg)'zo) - Hepatoprotective effects™*”
L - Anti-bacterial activity42‘43) - Anti-diabetic activitygl)'%)
¥ < - Anti-tumor activity’”"*? - Pain relieving effects™
o N, - Cardiovascular effects”>7? - Discharge phlegm effects”
Berberine

- Anti-bacterial activitym

- Anti-bacterial activity™
- Anti-viral activityM)
- Hepatoprotective effects™

- Anti-inflammatory activity’"*”

- Anti-diabetic activity”*”>

- Anti-diabetic activity”*”>

Magnoflorine
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Table 2. Anti-inflammatory effects of Coptis Rhizoma

Components Methods Effects
in vivo male Sprague-Dawley anti-inflammatory effect to cerebral infarction”
water-immersion stress
intragastric ethanol
acetic acid erosion
pylorus ligation

anti-ulcer effect'”
Water extracts of

CR . . . L
H. pylori LPS mer;CtEd gastric lesion in anti-inflammatory and anti-ulcer effect'"
in vitro BV2 cell anti-inflammatory effect about microglia'”
in vitro BV2 cell, RAW2647 inhibition of NO and TNF-¢ ")
Metha:flcg‘“a"ts in vitro BV2 cell inhibition of cytokines via inhibition of NO™
in vivo female Balb/c and male ICR mice anti-inflammatory effect'™
(4-6 weeks old) Y
Ethanol extracts of in vivo male Sprague-Dawley inhibition of IL- , IL-6 and TNF-q '®
CR in vitro Raw 264.7 cell induction of IL-10'”
in vivo male Balb/c mice inhibition of NO and PGE2'”
in vitro Raw 264.7 cell inhibition of IL-2 and IFN-y 7
in vitro female mouse resistance of Arachidonic acid'®
. inhibition of NO, PGE2, TNF-¢ , IL-13 , iNOS and COX-2 via
in vitro BV2 cell 19)
. arrest of cell cycle
Berberine . ) 20)
induction of SOD and GSH-Px
in vivo male Sprague Dawley rats inhibition of MDA and NO™
inhibition of TLR4 and NF-jB*”
in vivo male BALB/c mice inhibition of TNF-z and NO*”
Lignan in vitro RAW264.7 and Sup-T1 cells induction of Splenocyte and IL-2-Dependent Cell*"
in vitro Raw 264.7 cell inhibition of TNF-¢ **
. in vivo male BALB/c mice inhibition of TNF-¢ and NO™
woorenoside L . . 23)
in vitro RAW264.7 and Sup-T1 cells induction of Splenocyte and IL-2-Dependent Cell

CR : Coptis Rhizoma (#3%)

=" 1) Antiinflammatory activities
] 9 el tigk 4= 7= LPSE 44
w50 A2 isoquinoline”| alkaloidQ! berber- stel FHo HAA M INOS H COX-2 #3
ineC % I3 A W Sl gt Gt It Zpe] s oJAAZIZIY TNF-a B4 oA Ex
-G oA F 9 e Aol glom, 9RAF IL-12 /‘g}‘é g Sl 2 a9E et itk o]
oluf k55 ol th-¥ AL Stk o] 9]l palmatine el %= QIZt H A Z A ] IL-182F TNF-a B43=
o} coptisine A T+, T, T *4 Fs°] e oJAlsh= &9 5o s glow, A=
lj5| Lignan®} Woorenoside A2 A% &7 & ¢l NO, PGE2, proinflammatory cytokine 52| A/
ol tfal] 5983 g5 Yehl= Zlo® deA ol oAl 9 24 g5 ATgows o] g gt
Y olgdk Hitie] F el wE Ty 2 ATshe A9E B v Basa gk o)
H A A= v TaEo] S thTable 1). H Eodo] 94 Ess 7R R kY oy
RSl ofsf FEs] ATl lom 1 7] o
1. EXPERIMENTAL STUDIES S A= Wol I = AEjo]t(Table 2).
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FOHE alkaloid %2 Water extracts of Coptis
Rhizoma
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Ethanol extracts of Coptis Rhizoma
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Table 3. Anti-bacterial activities of Coptis Rhizoma

DY T AR ofe Aol tid 1 (419)

Components Methods

Effects

in vitro E.coli
in vitro Three isolates (B, C and H) of
Blastocystis hominis
in vitro P. falciparum
(ATCC 30932, FCR-3 strain)
in vivo FM3A cells
(wild-type, subclone F28-7)
in vitro H. pylori
(ATCC 43504, KS 51)
in vitro Alternaria porri

Water extracts of
CR

in vitro Streptococcus mutans

elimination of R plasmid of E.coli’”

anti-bacterial effect to Blastocystis hominis™

anti-malarial effefct®

inhibition of urase of H. pylori’”

Antifungal activity of Anemarrhena asphodeloides®”
inhibition of the growth and pH of Streptococcus Mutans™

in vitro Streptococcus mutans
(KFRI 1171, 1172, 1175)
in vitro Pseudomonas aeruginosa,
Ethanol extracts of Staphylococcus aureus,
CR Candida albicans,
Propionibacterium acnes

in vitro 1A 9 A

anti-cariogenic effect™

anti-bacterial effect™”

anti-bacterial effect to Gram positive bacteria and Gram
negative bacteria™

in vivo male Wistar rats
in vitro Trypanosoma cruzi
in vitro CD4+ human T cell sup T1
in vitro FA| Y YL

Methanol extracts .. .
in vitro E.coli, S.aureus

inhibition of Trypanosoma cruzi growth%)

inhibition of HIV-1 replication®”
inhibition of bacteria oxidative system38)
inhibition of cell growth velocity®”

of CR o ’ .
in vitro Botryospaeria berengeriana,
Glonerella cingulata, inhibition of cell growth*”
Penicillium expansum
in vitro S.aureus ATCC anti-bacterial effect to MRSA*"
in vitro MRSA S. aureus anti-bacterial effect to MRSA™
Berberine in vi idi i . . s
in vitro Cl.os.t ridium perﬁlngens, anti-bacterial effect via inhibition of cell growth43)
Clostridium paraputrificum
in vitro West Nile virus, ..
dengue virus subtype 2 anti-viral effect
. g Ipe s, : inhibition of WNV NS2B-NS3 proteasem
Palmatine yellow fever virus
in vitro Clostridi fri . . o
invitro € o3 ridium per ngens, anti-bacterial effect via inhibition of cell growth43)
Clostridium paraputrificum
.. in vitro Clostridium perfringens, . . s 43)
Coptisine anti-bacterial effect via inhibition of cell growth

Clostridium paraputrificum

CR : Coptis Rhizoma (¥3%)

‘Woorenoside
il A3 & Woorenoside AlE A4 &9 A=
Z A O]__al;ﬂ »3] q]/\l kﬂﬁé %M ﬂ/\] 71 0 i/yﬂ mito-
genic responses At ZFst ¥ wukE W3et
o] ®u¥ et

2) Antibacterial activities
s AWk o7 7ok et 28-S 7L §

rlr

Ao 7 Hrle =Y o]& %= AAE2 berberine©]
ok 53] 9 U9 Al R 2 o Je] A 5
sto] Zst dtEo] Qlo] Y9y A 9 o

g WA} S Ot oSt

ﬁ

A 7k

Ao dejA Ik ol9je) o}

FA5Y T2 Y142l Streptococcus mutans®] A%
A B A 3 9 oA o8 E

7} 9lgo] ofe] w=RolA B a ItFY(Table 3).
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FOHE alkaloid %2 Water extracts of Coptis
Rhizoma
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Table 4. Anti-tumor activities of Coptis Rhizoma

DY T AR ofef Al tiY 1 (@21)

components methods

Effects

in vitro Hepatoma cell (HepG2)

in vitro Hepatoma cell (HepG2, Hep3B,
SK-Hep1, PLC/PRF/5)
in vitro Leukemia cell (K562, U937, P3H1, Raji)

in vitro U937 cell
in vitro Chick embryo chorioallantoic membrane
(CAM) model, Bovine aortic endothelial cells
(BAECs)
in vitro Human breast cancer cell lines (MCF-7
and MDA-MB-23)
in vitro Human gastric cancer cell line
(MKN-74)
in vitro Human breast cancer cell lines (MCF-7,
MDA-468)
in vitro Colon cancer cell line (HCT-116)

Water extracts of CR

in vitro NaNo2 solution

Induction of cell cycle arrest and apoptosis™

Induction of G2/M arrest in both of Hepatoma cell and
Leukemia cell*”

Promotion of apoptosisSO)

Anti-angiogenesis activitysn

Induction of cell cycle arrest and apoptosis via
up-regulation of INF-3 and TNF-«

Inhibition of tumor cell growth by suppressing cyclin B1
and cdk activity™

Nitrite (precursor of Nitrosamine) scavenging effect under
54)
pH12

in vitro 5 types of human tumor cells
- A459(lung adenocarcinoma)
- SK-OV-3(ovarian)

Cytotoxic effect about 5 different carcinoma cell lines in

Methanoé;xtracts of - SK-MEL-2(skin melanoma) the ED50 values™
- XF498(CNS)
- HCT15(colon)
in vitro Human gastric cancer cell (SNU-668) Apoptotic anticancer effect through caspase3 activation™”
L Induction of cell cycle arrest via inhibition of
in vitro Hepatoma cell (HepG2) « -fetoprotein of Hep G2
in vitro Leukemia cell (K562) Induction of apoptosis through arrest of GO/G1 or G2
in vitro Breast cancer cell (MCF-7, o . 59)
MDA-MB-231) Inhibition of tumor cell cycle via arrest of cell cycle
Berberine in vitro Vascular smooth muscle cell (VSMC) Anti-proliferative and Anti-migratory effect™
in vitro Human hepa;toma cell (Hep3B, HepG2, Inhibition of ¢ -fetoprotein and cell growth®”
2T/VGH) Up-regulation of pgp-170""
in vitro Murine hepatoma cell (Hepa 1-6) preg PEP
in vitro Rat aortic SMCs . . . 62)
(Smooth muscle cell) Anti-proliferative effect
Coptizine in vitro Vascular smooth muscle cell (VSMCs) nhibition of VSMCs gr(;ﬁfsle\g}l)a arrest of Gl and G2/M

CR : Coptidis Rhizoma (&%)

matine} coptisine ®JA] dHFES wol1 QIgth?
Palmatine
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Table 5. Cardiovascular effects of Coptis Rhizoma

Components Methods Effects
in vivo male rat Curability of heart failure through vasodilating effect”
in vitro SMC Reproduction control at damaged a1714¢):ry wall vascular smooth
muscle cell
Prolong the duration of ventricular action potentialm
review Blockade of K+ channels and stimulation of Na+-Ca2+
73)
Berberine exchanger
Regulating lipids and anti-inflammation”
review Reducing blood sugar and inhibiting vascular smooth muscle cell

in vivo the erythrocytes of GO6PD
deficiency in rats

proliferation”

On the erythrocytic osmotic fragilitas, at a general dose, Huanglian
can not cause hemolysis. Only at an excessively high dose can the
medicines raise the erythrocytic osmotic fragilitas.™®

in vivo male hamsters liver LDLR

Water extracts of expression in HepG2 cells

CR
in vivo serum, liver tissue & blood from

rat

Highly effective in upregulation of liver LDLR expression in
HepG2 cells and in reducing plasma cholesterol and low density
lipoprotein cholesterol(LDL-c)"”

Hypocholesterolemic and hypoglycemic effects’

Methanol extracts

of CR in vivo male rat

Methanol extracts of Scutellaris baicalensis Georg, significantly
reduced the TC value than Methanol extracts of Coptidis japonica

Makino™

L . Protective effects of baicalin and berberine on hypoxia and
in vitro rat cerebral microvascular R .

. reoxygenation injury in cultured rat cerebral microvascular

endothelial cells . 30)
endothelial cells
in vitro cultured human hepatocyte OGT reduces the cholesteryl ester formation in human hepatocytes
OGT extracts HepG?2 cells by inhibiting ACAT®"

in vitro human plasma

Reduction of plasma triglyceride level™
Enhancement of plasma albumin level and reduction of the total
plasma protein level resulted in an increment of the
albumin/globulin ratio™

CR : Coptis Rhizoma (&:&)

SMC : vascular smooth muscle cell

G6PD : glucose—6—phosphate dehydrogenase

OGT : Oren—gedoku—to (Huanglian—Jie—Du—Tang, FiEfEES)
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6) Hepatoprotective effects
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8) Other effects
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Table 6. Hepatoprotective effects of Coptis Rhizoma

Effects

Acetaldehyde-induced NF-kB activity to the induced
proinflammatory cytokine production in HepG2 cells™”
The potential role of berberine in the treatment of ALD*
Displacing effect of bilirubin from albumin by berberine”
Treatment of jaundiced neonates and pregnant women®”
Hepatoprotective effects against CCl4-induced hepatotoxicitysé)

)

Components Methods
in vitro HepG2 cells
Berberine
in vivo adult rat
in vivo SD rat
Palmatine in vivo Male ICR mice

Inhibitory effect of the apoptosis of hepatocytesgg)
16)

Water extracts of in vivo adult male SD rat
CR in vivo rat

Hepatoprotective effect on acute liver injuries induced by CCI
Preventive effects on BP induced hepatotoxicity®”

CR : Coptis Rhizoma (&)
ALD : Alcoholic liver disease
SD rat @ Sprague—Dawley rat
BP : Benzo pyrene

Table 7. Antidiabetic effects of Coptis Rhizoma

Components Methods Effects
Increase of insulin secretion””
review Absorbent improvement of glucose at adipose tissue and muscle
Berberine tissue™”
in vitro rat epitrochlearis and soleus Increase activities of AMPK ¢ 1and ¢ 2%
muscles Increase of glucose metabolic activity in muscles™
Methanol extracts in vivo RLAR Preventive effects of diabetes and complications’
of CR in vivo male SD rat(RLAR) Using possibility of the RLAR inhibitor’”

CR : Coptis Rhizoma (&)
MSG : monosodium L—glutamate
RLAR : rat lens aldose reductase
SD rat : Sprague—Dawley rat

Table 8. Other effects of Coptis Rhizoma

Effects

Inhibitory effects of berberine against morphine
induced locomotor sensitization and analgesic
tolerance’

Increase of mucin secretion directly operate in the mucin goblet
cell of respiratory tract”

Using possibility of an expectorant”

Using possibility of the cognitive functional enhancive material for
promote cell activity, atrophy prevention and regulation in the
brain cell””

Secretoinhibitory action of gastric acid”®
Decrease of NO level and SOD activity in gastric mucous
membrane™
Protective effects on the gastroenteric trouble’™
Increase of gingival fibroblast proliferationmo)

Components Methods
in vivo Male ICR mice
Berberine
in vitro HTSE cell
in vitro
Water extracts of
CR .
1n v1vo rat
in vitro
Methanol extracts .
1n vivo rat

of CR

Reinforcement effects on the learning and the cognitive function”™

Improvement effect on the defect of memory%)

CR : Coptis Rhizoma (¥:&)
HTSE cell : hamster tracheal surface epithelial cell
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Metrocyte proliferation effects
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Table 9. Industrial Use of Coptis Rhizoma

Components Methods

Effects

methanol extracts

of CR Hyphantria cunea larvae

e 75

The possibility of bath preparation by the increase of the skin
absorption in metabolic antagonists of pyrimidine'®”
The possibility of insecticide application by the feeding hindrance
activitleS)

in vitro a HPPD from cultured Coptis

Water extracts of japonica cells

The possibility of herbicide application by the recombinated HPPD
decomposing enzyme formation through the cDNA encoding'*®

CR . Freshness maintenance effects by total cell number decrease of
n vitro : 107)
culinary plants
Ethanol extracts of in vitro The possibility of cosmetics use by free radicals erasing ability and

CR

a bioactive effects'™

CR : Coptis Rhizoma (i)
HPPD : 4—Hydroxyphenylpyruvate dioxygenase

Table 10. Side effects and Toxicity of Coptis Rhizoma

Components Methods

Effects

in vitro & in vivo mouse
Water extracts of

CR in vivo mouse

Dosages and cytotoxicity dependent at time'””

Neurotoxic induction of highly-concentrated Coptidis Rhizoma''”

in vivo mouse
Methanol extracts

of CR .
1n v1vo rat

Morphine poisoning relaxation effects through the regulation of
c-fos expression] 12
Dopamine action suppressant effects through the decrease of c-fos
expression' "

CR : Coptis Rhizoma (&)
4. Side effects and Toxicity
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