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Abstract 

Background: Coptidis rhizoma (CR) is the dried rhizome of Coptis chinensis Franch., C. deltoidea C. Y. Cheng et Hsiao 

or C. teeta Wall. (Ranunculaceae) and is commonly used in Traditional Chinese Medicine for the treatment of various 

diseases including bacillary dysentery, typhoid, tuberculosis, epidemic cerebrospinal meningitis, empyrosis, pertussis, 

and other illnesses.

Methods: A literature survey was conducted via SciFinder, ScieneDirect, PubMed, Springer, and Wiley databases. A 

total of 139 selected references were classified on the basis of their research scopes, including chemical investigation, 

quality evaluation and pharmacological studies.

Results: Many types of secondary metabolites including alkaloids, lignans, phenylpropanoids, flavonoids, phenolic 

compounds, saccharides, and steroids have been isolated from CR. Among them, protoberberine-type alkaloids, such 

as berberine, palmatine, coptisine, epiberberine, jatrorrhizine, columamine, are the main components of CR. Quantita-

tive determination of these alkaloids is a very important aspect in the quality evaluation of CR. In recent years, with 

the advances in isolation and detection technologies, many new instruments and methods have been developed for 

the quantitative and qualitative analysis of the main alkaloids from CR. The quality control of CR has provided safety 

for pharmacological applications. These quality evaluation methods are also frequently employed to screen the active 

components from CR. Various investigations have shown that CR and its main alkaloids exhibited many powerful 

pharmacological effects including anti-inflammatory, anti-cancer, anti-diabetic, neuroprotective, cardioprotective, 

hypoglycemic, anti-Alzheimer and hepatoprotective activities.

Conclusion: This review summarizes the recent phytochemical investigations, quality evaluation methods, the bio-

logical studies focusing on CR as well as its main alkaloids.
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Background
Coptidis rhizoma (CR) is the dried rhizome of Coptis 

chinensis Franch., C. deltoidea C. Y. Cheng et Hsiao or C. 

teeta Wall. (Ranunculaceae). �e rhizomes of C. japonica 

Makino and C. japonica var. dissecta are also used as CR 

in Japan. CR has a long history of usage for clearing heat, 

eliminating dampness, purging fire and detoxification 

in Traditional Chinese Medicine (TCM). CR, also called 

goldthread, was frequently used for the treatment of bacil-

lary dysentery, typhoid, tuberculosis, epidemic cerebrospi-

nal meningitis, empyrosis, pertussis, and other diseases.

Chemical investigations have led to the discovery of 

multiple secondary metabolites including alkaloids, lig-

nans, phenylpropanoids, flavonoids, phenolic acids, 
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saccharides and steroids in CR. Protoberberine-type 

alkaloids, such as berberine, palmatine, coptisine, epiber-

berine, jatrorrhizine and columamine, are the main bio-

active components of CR.

Achieving a high degree of quality control is very 

important to ensure the safety and efficacy of TCM. 

Recent technological advances have made great progress 

in the quantitative and qualitative analysis of the main 

alkaloids extracted from CR. �e applications of High 

Performance Liquid Chromatography (HPLC) or Ultra 

Performance Liquid Chromatography (UPLC) combined 

with Mass Spectrometry (MS) or  MSn [1, 2] and quan-

titative 1H-NMR [3] are the most attractive strategies of 

ensuring quality control. Besides, these quality evaluation 

methods were also frequently employed to screen the 

pharmaceutically active components derived from CR [4, 

5].

Various pharmacological investigations have indicated 

that CR and its main alkaloids exhibit many biological 

activities including anti-inflammatory, anti-cancer, hypo-

glycemic, anti-diabetic, neuroprotective and cardiopro-

tective effects [6–12]. In this paper, we have summarized 

the phytochemical investigations, quality evaluation 

methods, and biological studies of CR as well as its main 

alkaloids that have been developed and conducted in 

recent years.

Phytochemical investigation
Previous phytochemical investigations on CR have led 

to the isolation and identification of many types of natu-

ral products including alkaloids, lignans, phenylpropa-

noids, flavonoids, phenolic compounds, saccharides and 

steroids. Up to this point, phytochemical investigations 

have focused on C. chinensis, C. Japonica var. dissecta, C. 

teeta and the main components of the plants from Coptis 

genus were found to be similar while the minor constitu-

ents differed.

Classic column chromatography utilizing silica gel as 

the stationary phase was widely used for the isolation 

of constituents from CR. Column chromatography over 

Sephadex LH-20, polyamide and octadecylsilane (ODS) 

was also used as well as preparative HPLC equipped with 

a reversed phase column or a chiral column. In general, 

it has often been difficult to isolate alkaloids from CR. 

However, through the application of suitable solvent sys-

tems in high-speed countercurrent chromatography, such 

as n-hexane–ethyl-acetate–methanol–water (2:5:2:5) [13] 

and chloroform–methanol–water (4:3:3, v/v) with HCl 

(60 mM) and triethylamine (5 mM) added into the upper 

aqueous phase and the lower organic phase [14], the 

highly pure main alkaloids could be readily separated and 

obtained in considerable yields. Spectroscopic analyses 

were employed in structural determination.

Alkaloids

Alkaloids are the main components of CR (Fig.  1 and 

Table  1), of which protoberberine alkaloids are most 

common in plants from the Coptis genus. Most of them 

are isoquinolines and quaternary iminium type alkaloids. 

So far, the protoberberine alkaloids reported from CR 

include berberine-type (1–9) [15], oxyberberine-type 

(10–16, 23–24, 30), methyl berberine type (20), and 

protoberberine-type (21) alkaloids. Benzophenanthri-

dines (17–19, 22), aporphine (25), benzylisoquinolines 

(26–27), phenethylamines (28–29, 35) and isoquino-

lines (31–34) were also the main alkaloid components of 

various species of Coptis genus. Additionally, some other 

nitrogen-containing molecules were also isolated from C. 

chinensis [16–29].

Lignans

Lignans (Fig. 2 and Table 2) are also abundant in CR and 

have a wide variety of structures which can be classified 

into several skeletal types, such as benzofurans (42–48), 

furofurans (49–53), tetrahydrofurans (54–60), arylnaph-

thanlenes (61–63) and others (64–72) [18, 20, 26, 27, 

30–38].

Simple phenylpropanoids

Simple phenylpropanoids with a mother-nucleus of phe-

nylpropionic acid have been isolated from CR (Fig. 3 and 

Table 3). �e esterified derivatives of these phenylpropi-

onic acids bearing methyl, ethyl, n-butyl, quinic acid, etc. 

moieties were also isolated from the plants of CR [18–20, 

22, 26–28, 31–35, 37, 39].

Flavonoids

Plants of the Coptis genus also contain flavonoids [33, 34, 

36, 40]. Up to now, 8 flavonoids (Fig. 4 and Table 4) have 

been isolated from CR. Meng [32] reported a 6,8-dime-

thyl substituted flavonol (98) that was isolated from the 

rhizome of C. teeta. Chen et  al. [33] purified a flavonol 

(99) and a flavone (100) from the rhizome of C. chinensis. 

In earlier chemical studies, a flavanone (101) and a dihy-

drochalcone (102) were extracted from the seeds of C. 

japonica, and three flavonoid glycosides (103–105) were 

isolated from the leaves of C. japonica and rhizomes of C. 

japonica var. dissecta [34, 36, 40].

Others

Phenethyl alcohol and its glycosides (106–108), phe-

nols and organic acids (109–117), hemiterpenoids 

(118–121), dipeptides (122–123), β-sitosterol (124) and 

polysaccharides were also isolated from CR [18–20, 22, 

26–28, 32, 34, 37, 39]. �e structures of these compounds 

are shown in Fig. 5, while their corresponding references 

and sources are summarized in Table 5.
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Fig. 1 Structures of alkaloids isolated from Coptis genus
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Quality evaluation of CR
Quality control will play a key role in the development of 

TCM industry. Identification of medicinal materials is the 

first crucial step. DNA barcoding, a technique for species 

identification using standardized short gene sequences, 

has played an important role in the authentication herbal 

medicines [42]. �e feasibility of identifying the species 

sources of CR by DNA barcoding was investigated. It was 

supposed that ITS2 DNA barcode could be used to identify 

CR and its adulterants [43]. Li et al. suggested that the com-

bination of nuclear DNA ITS and mitochondrial DNA ycf1 

could be the standard barcoding for identification of CR [44].

Table 1 Alkaloids isolated from Coptis genus

No. Compounds Source Rfs.

1 Berberrubine C. chinensis [15, 16]

2 Berberine C. chinensis [16–22]

3 Coptisine C. chinensis [16–18, 21]

4 Palmatine C. chinensis [15, 17, 18, 21]

5 Epiberberine C. chinensis [15–18, 21]

6 Columbamine C. chinensis [15, 17, 18]

7 Tetradehydroscoulerine C. chinensis [17]

8 Jatrorrhizine C. chinensis [15, 17, 18]

9 Groenlandicine C. chinensis [15–18]

10 8-Oxyberberine C. chinensis [15, 19–24]

11 8-oxo-Coptisine C. chinensis [15, 18, 19, 21–24]

12 3-Hydroxy-2-methoxy-9,10-methylenedioxy-8-oxo-Protoberberine C. chinensis [24]

13 8-oxo-Epiberberine C. chinensis [22, 23]

14 8-Oxyberberrubine C. chinensis [22]

15 (−)-5-Hydroxyl-8-oxyberberine C. chinensis [21]

16 (+)-5-Hydroxyl-8-oxyberberine C. chinensis [21]

17 Sanguinarine C. Japonica var. dissecta [25]

18 Norsanguinarine C. Japonica var. dissecta [25]

19 Oxysanguinarine C. Japonica var. dissecta [25]

20 Worenine C. chinensis [26]

21 Tetrahydroberberine C. chinensis [21]

22 6-Acetonyl-5,6-dihydrosanguinarine C. Japonica var. dissecta [25]

23 8,13-Dioxocoptisine hydroxide C. chinensis [22]

24 Coptisonine C. chinensis [22]

25 Magnoflorine C. chinensis [15, 17, 18]

26 Berbithine C. chinensis [21, 22]

27 6-([1,3]Dioxolo[4,5-g]isoquinoline-5-carbonyl)-2,3-dimethoxy benzoic acid methyl ester C. chinensis [21, 23]

28 N-cis-Ferulyltyramine C. chinensis [27]

29 N-tran-Feruloyltyramine C. chinensis [20, 28]

30 Chilenine C. chinensis [22, 28]

31 1,3-Dioxolo[4,5-g]isoquinolin-5(6H)-one C. chinensis [23]

32 Noroxyhydrastinine C. chinensis [19, 22, 23]

33 Corydaldine C. chinensis [19, 22, 23]

34 Thalifoline C. chinensis [27]

35 3-Hydroxy-1-(4-hydroxyphenethyl) pyrrolidine-2,5-dione C. chinensis [29]

36 4′-[Formyl-5-(hydroxymethyl)-1H-pyrrol-1-yl] butanoate C. chinensis [28]

37 8,9-Dihydroxy-1,5,6,10b-tetrahydro-2H-pyrrolo[2,1-α]-isoquinolin-5-one C. chinensis [26]

38 Ehyl-2-pyrrolidinone-5(S)-carboxylate C. chinensis [27]

39 Methyl-5-hydroxy-2-pyridinecarboxylate C. chinensis [27]

40 1H-Indole-3-carboxaldehyde C. chinensis [27]

41 Choline C. chinensis [15]
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Fig. 2 Structures of lignans isolated from Coptis genus
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�e protoberberine-type alkaloids, such as berber-

ine, palmatine, coptisine, epiberberine, jatrorrhizine and 

columbamine, are the main components of CR [45–53] 

and also considered as its main bioactive compounds. 

�e quantitative determination of these alkaloids is a 

very important aspect in the quality evaluation of CR. In 

recent years, with the advances of isolation and detection 

technologies, many new instrumental techniques have 

been employed for the quantitative and qualitative analy-

sis of CR and the screening of the active components iso-

lated from CR.

Achieving as complete of an extraction as possible is 

crucial for obtaining an accurate determination of the 

contents of CR. So far, refluxing or ultrasonic extraction 

are commonly employed in the extraction of the alkaloids 

from CR [45–49]. Methanol, ethanol or/and water with 

acid  (H2SO4 or HCl) have been most frequently used as 

extraction solvents.

Teng and Choi [45] optimized the ultrasonic-assisted 

extraction method by investigating three independent 

variables including ethanol concentration, extraction 

time and the extraction temperature. Optimal extraction 

conditions were achieved with an ethanol concentration 

of 59%, extraction time of 46.57 min, and a temperature 

of 66.22 °C.

Methods based on HPLC are commonly used and 

provide a powerful tool for the quality evaluation of 

natural medicines. Researchers are seeking to develop 

new methods to extend its range of applications. Quan-

titative determination, differentiating the species or 

screening the bioactive components were achieved by 

thoroughly extracting information from HPLC data by 

Table 2 Lignans isolated from Coptis genus

No. Compounds Source Rfs.

42 Woorenogenin C. chinensis; C. japonica var. dissecta [30, 31]

43 Woorenoside I C. japonica var. dissecta; C. teeta [31, 32]

44 Longifolroside A C. teeta [32]

45 Woorenoside II C. japonica var. dissecta; C. teeta [31, 32]

46 Woorenoside V C. japonica var. dissecta [31]

47 Woorenoside III C. japonica var. dissecta [31]

48 Woorenoside IV C. japonica var. dissecta [31]

49 (+)-Pinoresinol C. chinensis; C. japonica var. dissecta [31, 33]

50 (+)-Medioresinol C. chinensis [33]

51 (+)-Pinoresinol glucoside C. japonica var. dissecta [31]

52 (+)-Pinoresinol-4,4′-O-β-D-diglucopyranoside C. chinensis; C. japonica var. dissecta [18, 34]

53 (+)-Syringaresinol glucoside C. japonica var. dissecta; C. teeta [32]

54 (+)-Lariciresinol C. chinensis; C. teeta [20, 32, 33, 35]

55 (±)-5,5′-Dimethoxylariciresinol C. chinensis [26]

56 (+)-5′-Methoxylariciresinol C. chinensis [33]

57 (+)-Lariciresinol glucoside C. chinensis; C. japonica var. dissecta [18, 30, 31]

58 7S,8R,8′R-(+)-Lariciresinol-4,4′-O-β-D-diglucopyranoside C. chinensis; C. japonica var. dissecta [18, 34]

59 Lanicepside A C. chinensis [30]

60 9-Acetyl lanicepside B C. chinensis [30]

61 (+)-Isolariciresinol C. chinensis; C. japonica var. dissecta [30, 31, 33]

62 Isolarisiresinol-9-O-β-D-glucopyranoside C. chinensis [18]

63 Woorenoside XI C. japonica var. dissecta [34]

64 Cleomiscosin A C. japonica var. dissecta [36]

65 Aquillochin C. japonica var. dissecta [36]

66 2,3-bis[(4-Hydroxy-3,5-dimethoxyphenyl)-methyl]-1,4-butanediol C. chinensis [37]

67 Secoisolariciresinol C. chinensis [27]

68 erythro-Guaiacylglycerol-8-O-4′-(coniferyl alcohol) ether C. chinensis [33]

69 threo-Guaiacylglycerol-8-O-4′-(coniferyl alcohol) ether C. chinensis [33]

70 Woorenoside X C. japonica var. dissecta [34]

71 Dihydrodehydrodiconiferyl alcohol C. chinensis [37]

72 Woorenol C. japonica var. dissecta [38]
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Fig. 3 Structures of phenylpropanoids isolated from Coptis genus

Table 3 Phenylpropanoids isolated from Coptis genus

No. Compounds Source Rfs.

73 Z-Octadecyl caffeate C. chinensis; C. teeta [22, 32, 33]

74 E-3-Methoxycinnamic acid C. chinensis [19]

75 Ferulic acid C. chinensis; C. teeta [18, 32, 33]

76 Ethyl ferulate C. chinensis;
C. japonica var. dissecta

[31]

77 n-Butyl ferulate C. chinensis [19]

78 p-Hydroxyphenethyl trans-ferulate C. japonica [35]

79 E-3,4-Dimethoxycinnamic acid C. chinensis [19]

80 4-O-Feruloylquinic acid C. chinensis [18, 39]

81 Methyl 4-O-feruloylquicinate C. japonica var. dissecta [34]

82 Ethyl 4-O-feruloylquicinate C. chinensis [37]

83 4-O-Feruloylquinic acid butyl ester C. chinensis [19]

84 5-O-Feruloylquinic acid C. chinensis [18, 39]

85 Methyl 5-O-feruloylquicinate C. chinensis [26]

86 Ethyl 5-O-feruloylquicinate C. chinensis [26]

87 5-O-Feruloylquinic acid butyl ester C. chinensis [19]

88 Chlorogenic acid C. chinensis [33]

89 Methyl 3-O-feruloylquicinate C. chinensis [27, 28, 37]

90 n-Butyl 3-O-feruloylquicinate C. chinensis [27, 28]

91 3-(4′-Hydroxyphenyl)-(2R)-lactic acid C. chinensis [18]

92 3-(3′,4′-Hydroxyphenyl)-(2R)-lactic acid C. chinensis [18, 39]

93 3-(3′,4′-Dihydroxyphenyl)-(2R)-lactic acid-4′-O-β-D-glucopyranoside C. chinensis [18, 39]

94 Methyl-3-(4′-O-β-D-glucopyranosyl-3′,4′-dihydroxyphenyl)-lactate C. japonica var. dissecta [34]

95 Methyl-3,4-dihydroxyphenyl lactate C. chinensis
C. teeta

[18, 20, 28, 32]

96 Ethyl-3,4-dihydroxyphenyl lactate C. chinensis [28]

97 n-Butyl-3,4-dihydroxyphenyl lactate C. chinensis [19]
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using different detectors, columns, mobile phases, etc. 

[4, 46, 47]. Electrochemical detection was employed 

for the simultaneous determination of four main alka-

loids of CR, and the limit of detection achieved with this 

technique was 80 times lower than that obtained by UV 

detection [48]. �e application of ultra-high performance 

liquid chromatography greatly reduced the consumption 

of organic solvents and the amount of injected sample 

required, which saved detection time and improved the 

efficiency [49].

Mass spectrometry (MS) in the quality evaluation of CR

Mass spectrometry is one of the most powerful tools 

for the identification of natural products, including the 

determination of relative molecular weights and chemi-

cal formulas, structural identification, and quantification. 

GC–MS was used to evaluate the volatile components 

of CR [50], while LC–MS has been used to detect the 

alkaloids present in CR [1, 2, 51–53]. An in  situ reac-

tive desorption corona beam ionization MS method 

was developed by Hou [48] for the direct detection of 

quaternary alkaloids within 1 min. �e structures of the 

compounds were identified by analysis of their reten-

tion times, quasi-molecular ion peaks and fragment ion 

peaks obtained by HPLC with ESI–MS/MS methods [1] 

and methods for the simultaneous determination of alka-

loids by MS were also developed [2]. Laser microdissec-

tion in combination with liquid chromatography–mass 

spectrometry (LC–MS) was employed to quantify six 

major alkaloids in different sections, tissues and cells of 

CR [52]. �is method could correlate the internal quality 

and external features of CR from different growing areas.

Nuclear magnetic resonance (NMR) in the quality 

evaluation of CR

Quantitative 1H-NMR (qH-NMR) has been widely used 

for the analysis of bioactive components in complex 

plant extracts in recent years [54–56]. qH-NMR has 

shown some advantages for quantitative analysis over 

traditional chromatographic methods, such as simple 

and easy sample preparation and handling, lower rea-

gent consumption, elimination of the need of expensive 

standard compounds, and shorter analysis time. Because 

the C13-H signals of the main alkaloids in 1H NMR can 

be easily distinguished from each other, the quantitative 

determination of the main alkaloids from CR could be 

achieved by qH-NMR and the 3 species of CR could also 

Fig. 4 Structures of flavonoids isolated from Coptis genus

Table 4 Flavonoids isolated from Coptis genus

No. Compounds Source Rf.

98 6,8-Dimethyl-3,5,7-trihydroxyfla-
vone

C. teeta [32]

99 Rhamnetin C. chinensis [33]

100 Wogonin C. chinensis [33]

101 7,4′-Dihydroxy-5-methoxyflavanone C. japonica var. dissecta [36]

102 2′,4,4′-Trihydroxy-6′-methoxy-
dihydrochalcone

C. japonica var. dissecta [36]

103 Coptiside II C. japonica [40]

104 Woorenoside XII C. japonica var. dissecta [34]

105 Coptiside I C. japonica [40]
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be differentiated by 1H NMR and principal component 

analysis [3, 56–58].

Others methods for quality evaluation of CR

Many other instruments and approaches have been 

developed for the quality evaluation of CR, such as capil-

lary electrophoresis, ultraviolet-near infrared (UV–NIR) 

spectroscopy [59], Fourier transform infrared (FT-IR) 

spectroscopy, Raman scattering spectroscopy, as well as 

other methods.

A stable and reliable nanospray technique was devel-

oped by Liu et  al. [60] which facilitated the differential 

detection of CR using CE in combination with MS. Hou 

et al. [61] found that surfactant-coated multi-walled car-

bon nanotubes, as a novel pseudostationary phase, could 

improve the separation resolution and selectivity of the 

tested isoquinoline alkaloids in nonaqueous capillary 

electrophoresis during the quantitative evaluation of 5 

main alkaloids (coptisine, berberine, epiberberine, pal-

matine, and jatrorrhizine) in CR.

�at the peak at 1641/cm in FT-IR of raw CR shifts 

to lower wave number in that of processed CR associ-

ated with second derivative IR and two-dimensional cor-

relation IR are applied for the differentiation of various 

processed products and different extracts of CR [62]. 

He et  al. [63] developed a novel method using surface 

enhanced Raman scattering spectroscopy to identify the 

geographic origins of the C. chinensis by analysis of the 

main characteristics of the Raman peaks. �is method 

did not require elaborate separation protocols or com-

plex data preprocessing.

Pharmacological effects
CR, a traditional Chinese herbal medicine with potent 

anti-inflammatory activity, was frequently used for 

the treatment of bacillary dysentery, typhoid, tubercu-

losis, epidemic cerebrospinal meningitis, empyrosis, 

bronchocephalitis and other diseases [64, 65]. In recent 

pharmacological studies, CR and its main bioactive 

components, alkaloids especially berberine, have been 

reported to exhibit various pharmacological effects, such 

Fig. 5 Structures of other compounds isolated from Coptis genus
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as anti-bacterial, anti-inflammatory, anti-oxidative, anti-

tumor, anti-diabetic, hypolipidemic and neuroprotective 

activities [20, 22, 66–75].

Pharmacological effects of extracts of CR

CR extracts have been studied for their variety of phar-

macological activities. Protoberberine-type alkaloids are 

the main bioactive components of CR extracts, while 

other unknown ingredients may also exhibit pharmaco-

logical activities. Due to its anti-inflammatory effects, 

pretreatment with CR extract could decrease lipopoly-

saccharide (LPS)-stimulated interleukin (IL)-6 secretion, 

inhibit LPS-mediated nuclear factor-κB (NF-κB) activa-

tion and restore LPS-induced acute liver injury, and thus 

attenuate liver histopathological changes in endotoxemic 

mice [68]. CR could also enhance immunity by activat-

ing MOLT-4 cells and Type I helper T cells, increasing 

the production of Type I helper T cell cytokines includ-

ing IFN-γ, IL-1β, IL-2, and IL-6 as well as by activating 

the mitogen-activated protein kinase (MAPKs) signaling 

pathways [74].

�e hypolipidemic effect of CR extract may be attrib-

uted to its several functions in lipid metabolism. CR 

extract could promote the conversion of cholesterol into 

bile acids by increasing CYP7A1 activity in the liver of 

high lipid diet-induced hyperlipidemic rats [67]. In 3T3-

L1 cells, the lipid accumulation was inhibited via the 

downregulation of protein levels of the adipocyte mark-

ers peroxisome proliferator-activated receptor (PPAR)-γ 

and C/EBP-α by CR alkaloids [76]. A modulation effect of 

gut microbiota of CR alkaloids may also contribute to the 

hypolipidemic potential [72].

CR extract exerts an anti-diabetic effect through sev-

eral courses of action. CR extract had a α-glucosidase 

inhibitory activity with a  IC50 value of 3.528 mg/mL, and 

its main alkaloids, coptisine, epiberberine, jatrorrhizin 

and berberine were identified as α-glucosidase inhibi-

tors by in vitro screening [71]. �e protein tyrosine phos-

phatase 1B inhibitory activity of berberine, epiberberine, 

magnoflorine and coptisine with the  IC50 values of 16.43, 

24.19, 28.14, and 51.04  μM may also contribute to the 

anti-diabetic effects of CR [69]. Yang [22] found that glu-

cose uptake in differentiated C2C12 cells were increased 

by dichloromethane and n-butanol sub-fractions of CR 

extract at concentrations of 50 μg/mL.

CR was also reported to exhibit a neuroprotective 

effect against oxidative stress in human neuroblastoma 

cells [70] and in  MPP+ and MPTP-induced Parkinson’s 

disease models [77]. �e methanol and aqueous extracts 

of CR showed significant acetylcholinesterase inhibitory 

activity with  IC50 values of 0.031 µg/mL and 2.5 µg/mL, 

respectively [73].

Tjong et al. [75] found that 70% ethanol extract of CR 

could serve as an analgesic by inhibiting the release of 

serotonin and cholecystokinin expression in the distal 

colons of rats. After treatment with an aqueous extract of 

CR, the elevated MDA contents were reduced and super-

oxide dismutase (SOD) activities were inhibited in the 

Table 5 Other compounds isolated from Coptis genus

No. Compounds Source Rfs.

106 3,4-Dihydroxyphenylethyl alcohol C. chinensis; C. teeta [26, 32]

107 3′,4′-Dihydroxyphenethyl alcohol 1-O-β-D-glucopyranoside [39]

108 3,5-Dihydroxyphenethyl alcohol-3-O-β-D-glucopyranoside C. teeta [32]

109 Protocatechuic aldehyde C. chinensis [41]

110 Gentisic acid-5-O-β-D-glucopyranoside [39]

111 Apocynol C. chinensis [26, 41]

112 1,2-Dihydroxy-benzene C. chinensis [37]

113 Protocatechuic acid C. teeta [32]

114 Vanillic acid C. chinensis [18, 20]

115 Vanillic acid-4-O-β-D-glucopyranoside C. chinensis [18]

116 Protocatechuic acid methyl ester C. chinensis [19]

117 Protocatechuic acid ethyl ester C. chinensis [20]

118 Woorenoside VI C. japonica var. dissecta [34]

119 Woorenoside VII C. japonica var. dissecta [34]

120 Woorenoside VIII C. japonica var. dissecta [34]

121 Woorenoside IX C. japonica var. dissecta [34]

122 Cyclo-(Phe-Val) C. chinensis [27]

123 Cyclo-(Phe-Leu) C. chinensis [27]

124 β-Sitosterol C. chinensis [22]
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skin and serum of rats with radiation-induced acute skin 

injuries [20, 66].

Pharmacological effects of CR-containing formulae

Traditional Chinese medicines are often used in the form 

of formulae and the medicines in the formulae interact 

with each other. Many classic formulae which contained 

CR have been used for 1000 of years, including Huang-

Lian-Jie-Du-Decoction (Coptidis rhizoma, Scutellariae 

Radix, Phellodendri Cortex and Gardeniae Fructus), San-

Huang-Xie-Xin-Decoction (Coptidis rhizoma, Scutel-

lariae radix and Rhei rhizoma), Ge-Gen-Qin-Lian-Tang 

(Puerariae Radix, Scutellariae Radix, Coptidis rhizoma 

and Glycyrrhizae Radix), etc. Huang-Lian-Jie-Du-Decoc-

tion, which was frequently used for the treatment of sep-

sis [78], could exerted significant anti-inflammatory and 

anti-allergic effects [79]. It could also improve gastroin-

testinal motility function [80]. San-Huang-Xie-Xin-Tang 

has been widely used to ameliorate gastrointestinal dis-

orders [81] and showed protective effect from neurotox-

icity [82, 83] and immunomodulatory effects [84]. �e 

traditional Chinese anti-diabetic formula, Jinqi formula 

(Coptidis rhizoma, Astragali rhadix and Lonicerae japon-

icae Flos) could inhibit TG accumulation [85]. Zuojin 

and Fan-Zuojin formulas with reverse mixture ratios of 

CR and Euodiae fructus led to different interactions on 

the in  vitro absorption of alkaloids and opposite effects 

[86, 87]. Ge-Gen-Qin-Lian-Tang could decrease lipid 

formation [88]. Combination of Mume Fructus, Schizan-

drae Fructus, and CR exhibited antimicrobial activity on 

Enterohemorrhagic Escherichia coli [89]. CR and Rhei 

rhizoma mixture showed antioxidant and anti-inflamma-

tory effects in Rats with reflux esophagitis [90].

Pharmacological effects of berberine

Multiple pharmacological effects of berberine have been 

reported in recent years including anti-inflammatory, 

anti-oxidant, anti-diabetic, hypolipidemia, anti-tumor, 

cardiovascular protective, neuroprotective, hepatopro-

tective, renal protective, gut protective, and other effects 

[6–9, 11, 91–96]. �e anti-inflammatory and anti-oxidant 

effects of berberine play an important role in its efficacy 

against various diseases, such as diabetes, hyperlipidemia 

and cancer by regulating the key kinases and signaling 

pathways [10, 12, 97, 98].

Inflammatory effects

�e expressions of tumor necrosis factor (TNF)-α, 

IL-1β, IL-6, IL-17 and vascular endothelial growth fac-

tor (VEGF) were significantly reduced by berberine 

in the sera of rats with bovine type II collagen-induced 

arthritis, and the expression of VEGF and CD34 and the 

p-ERK, p-p38 and p-JNK activation were also inhibited 

[6]. Berberine could improve osteoarthritis by modulat-

ing the expression of genes and proteins related to cell 

proliferation, differentiation and apoptosis. In rabbit 

articular chondrocytes, berberine induced actin cytoskel-

etal architecture reorganization and dedifferentiation by 

inhibiting PI3-kinase/Akt as well as p38 kinase activa-

tion [99]. In osteoarthritic rat cartilage, berberine pro-

moted cell proliferation, G1/S phase transitions and the 

proliferation of cell nuclear antigen synthesis via up-reg-

ulation of β-catenin, c-Myc, and cyclin D1 expression, 

and the down-regulation of glycogen synthase kinase-

3β (GSK-3β) and matrix metalloproteinase-7 (MMP-7) 

expression [100]. Berberine could also prevent glucocor-

ticoid-induced osteoporosis by inhibiting bone resorp-

tion and improving bone formation [101].

Anti-diabetic effects

�e anti-inflammatory and anti-oxidant activities of ber-

berine also play an important role in the treatment of dia-

betes mellitus. �e ameliorating insulin resistance effect 

of berberine was first discovered, and then berberine was 

found to promote the synthesis and secretion of insu-

lin [97, 98, 102–104]. Berberine had modulation effects 

on multiple kinases and signaling pathways, including 

5′-adenosine monophosphate-activated protein kinase 

(AMPK), MAPKs, the nuclear factor erythroid-2-related 

factor-2 (Nrf2) pathway, and the NF-κB pathway [97, 98, 

103, 104]. In the livers of high-fat diet-induced diabetic 

Sprague–Dawley rats, berberine could directly inhibit 

gluconeogenesis by decreasing the expression of gluco-

neogenic genes, phosphoenolpyruvate carboxykinase and 

glucose-6-phosphatase. Hepatic steatosis, expression of 

fatty acid synthase, activities of Forkhead transcription 

factor O1, sterol regulatory element-binding protein 1c 

and carbohydrate responsive element-binding protein 

were also inhibited in the liver by berberine [7].

Hypolipidemia effects

Studies indicated that the lipid-lowering effect of berber-

ine via inhibition of cholesterol absorption, promotion of 

bile acid synthesis and decreasing lipid peroxidation. Ber-

berine could significantly inhibit increases in body weight 

and reduce blood lipid levels in human subjects and rats 

[8]. It was found that treatment with berberine could 

up-regulate LDLR mRNA and protein expression, thus 

inhibiting cellular lipid accumulation in Hep G2 cells. 

Berberine could inhibit AMPK activity, promote brown 

adipose tissue formation and thereby increase energy 

expenditure in white and brown adipose tissue [105]. In 

a study conducted by Zhou et al. [106], they considered 

that the metabolites of berberine were the active forms 

due to its poor absorption and rapid metabolism.
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Anti-tumor effects

Berberine exhibited anti-tumor activities in various 

cancer cell lines through inducing cell cycle arrest and 

apoptosis [9, 91, 107–110], inhibiting angiogenesis [109], 

anti-inflammation, anti-invasion and anti-metastasis [10] 

etc.

Cardiovascular protective effects

�e cardiovascular protective effects of berberine were 

reflected by its beneficial effects in myocardial ischemia 

reperfusion (I/R), myocardial ischemia injury and apop-

tosis, cardiomyocyte hypertrophy, as well as other effects 

[11, 12, 92, 111–113]. In addition, berberine treatment 

reduced I/R induced excessive autophagy via the inhibi-

tion of SIRT1, BNIP3, and Beclin-1 expression [114].

Neuroprotective effects

Berberine exerts a cardiovascular protective effect by 

regulating the synthesis and secretion of neurotransmit-

ters in the central nervous system. �erefore, it has a 

potent effect on various neurological diseases including 

apoplexy, depression and Alzheimer’s disease [93, 115, 

116].

Hepatoprotective effects

Berberine has an efficacy in non-alcoholic fatty liver 

patients. A significant reduction of hepatic fat content 

and better improvement in body weight, HOMA-IR, and 

serum lipid profiles were displayed in patients treated 

with berberine and lifestyle intervention [94]. �is effi-

cacy may be related to the lipid metabolism regula-

tory effect of berberine. Pretreatment of berberine L02 

hepatic cell lines exposed to hydrogen peroxide could 

increase cell viability and reduce apoptosis via the upreg-

ulation of sirtuin 1 and downregulation of apoptosis-

related proteins [117].

Renal protective effects

Berberine could increase expressions of nephrin and 

podocin and exert an ameliorative effect on renal damage 

in high-fat diet and streptozotocin induced diabetic rats 

[95]. Berberine could ameliorate diabetic nephropathy 

via the suppression of high glucose-induced TGF-β1 and 

fibronectin synthesis in mesangial cells through an inhi-

bition of the sphingosine kinase 1/AP-1 pathway [118].

Gut protective effects

In the sennoside A-induced diarrhoea mice, treatment 

with berberine enhanced the absorption of  Na+ and 

water by improving the  Na+/H+ exchanger 3 and aqua-

porin 4 expression, and thus ameliorated the diarrhea 

[96]. Berberine could also reduce the sensitivity to rectal 

distension and defecation of inflammatory bowel disease 

model rats. Berberine had an anti-nociceptive effect on 

visceral hypersensitivity [119]. In addition, berberine 

markedly elevated the activities of SOD and GSH-Px and 

prevented MDA, NO and villi injuries in ileum [120]. 

Berberine ameliorated COX-2 overexpression in the 

small intestinal mucosa of rats during acute endotoxemia 

[121].

Other effects

Human retinal endothelial cells (HRECs) apopto-

sis induced by leukocytes from diabetic patients was 

inhibited by berberine through a decrease in the inte-

grin beta-2 expression of leukocytes [122]. Berberine 

also inhibited Microcystis aeruginosa growth by induc-

ing oxidative damage [123]. Berberine acted as an efflux 

inhibitor and improved aminoglycoside resistance of P. 

aeruginosa [124].

Pharmacological effects of other alkaloids from CR

Besides berberine, the main protoberberine-type alka-

loids, such as palmatine, jatrorrhizine, coptisine, epiber-

berine, columbamine also exhibited various biological 

activities similar with that of berberine [125–141].

Palmatine

Research has shown that palmatine has modulatory 

effects on various cytokines and exhibits various biologi-

cal activities. Ning [125] found that palmatine upregu-

lated the mRNA and protein expressions of LDLR, 

CYP7A1 and downregulated ASBT mRNA and protein 

expressions while exhibiting a lipid-lowering effect in 

hamsters fed with a high-fat diet. Palmatine could regu-

late serum mRNA expression of TNF-α and IL-10, and 

inhibit apoptosis in mice with -galactosamine/LPS-

induced fulminant hepatic failure [126]. In osteoblast 

cells, palmatine could inhibit receptor activator of NF-κB 

ligand expression and attenuate osteoclast differentiation 

and function [127]. Gene reporter assays indicated that 

palmatine significantly activated aryl hydrocarbon recep-

tors and elevated CYP1A1 gene promoter expression in 

transiently transfected HepG2 cells, which was validated 

in a HepG2 monolayer culture. However, no similar 

effects were observed in HepG2 spheroids or primary 

cultures of human hepatocytes [128].

Palmatine could ameliorate ischemia–reperfusion-

mediated acute myocardial injuries in rats by reducing 

oxidative stress and modulating inflammatory mediators 

[129]. Among the five main alkaloids isolated from CR, 

palmatine showed the best AChE inhibitory activities, 

as demonstrated by in vitro AChE inhibition assays with 

 IC50 values of 36.6 μM [130]. Jia et al. reported that West 

Nile virus NS2B–NS3 protease activity was inhibited 

by palmatine in an uncompetitive manner, with an  IC50 
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value of 96 μM without detectable cytotoxicity; Further-

more, palmatine also exhibits inhibitory effects on den-

gue virus and yellow fever virus [131].

Coptisine

Coptisine could inhibit the mRNA expression of inflam-

matory cytokines, including nitric oxide, IL-1β, and IL-6 

in LPS-stimulated RAW 264.7 murine macrophage cells 

by blocking the activation of NF-κB, MAPK and PI3K/

Akt in macrophages [132]. Obesity-related inflammation 

was attenuated by coptisine in high fat and high choles-

terol induced obese Syrian golden hamsters through LPS/

TLR-4-mediated signaling pathways. Treatment with 

coptisine could significantly ameliorate the body weight, 

plasma lipid levels of TC, TG, LDL-c, VLDL-c, APoB and 

pro-inflammatory cytokines (TNF-α, IL-6, LPS) of obese 

hamsters. �e TLR-4 in visceral fat and CD14 expression 

in the livers of hamsters were also suppressed [133].

�e neuroprotective effect of coptisine was achieved 

by strengthening the thioredoxin defense system against 

oxidative stress and inhibition of apoptosis [134]. Cop-

tisine could reduce myocardial injuries by attenuating 

the infarct size and release of MDA and increasing SOD 

activity. In vitro, coptisine could decrease apoptosis and 

protect cardiomyocytes [135].

Jatrorrhizine

Jatrorrhizine exhibited an inhibitory effect on the prolif-

eration and neovascularization of metastatic melanoma 

cells by inducing the overexpression of cell cycle-suppres-

sive genes p21 and p27, and cell cycle arrest at the G0/G1 

transition [136]. After treatment with jatrorrhizine, the 

body weight of high-fat diet-induced diabetic mice was 

reduced, glucose tolerance and insulin sensitivity were 

improved and the levels of serum lipid components were 

ameliorated to various degrees [137]. �ese effects were 

realized by inhibiting lipogenesis and increasing lipid oxi-

dation through the downregulation of SREBP-1c and FAS 

mRNA expression and induction of PPAR-α and CPT1A 

mRNA expression.

Jatrorrhizine could offset delayed gastric purging and 

intestinal transit via the cholinergic pathway, which was 

not affected by pretreatment with SB204070 in postop-

erative ileus rats [138]. Jatrorrhizine also had a neuro-

protective effect through its anti-oxidative activity in 

primary rat cortical neurons [139].

Epiberberine

Epiberberine could inhibit 3T3-L1 adipocyte differentia-

tion and lipid accumulation by regulating differentiation-

mediated phosphorylation of factors in the Raf/MEK1/2/

EREK1/2 and AMPKα/Akt pathways [140].

Columbamine

Columbamine had an anti-proliferative effect on meta-

static osteosarcoma U2OS cells with an  IC50 value of 

21.31 ± 0.38  μM and low cytotoxicity. It could induce 

cyclic arrest of metastatic osteosarcoma U2OS cells at 

the G2/M transition by inhibiting CDK6 gene expression 

and STAT3 phosphorylation. Columbamine could also 

inhibit neovascularization of metastatic osteosarcoma 

U2OS cells through a down-regulation of MMP 2 expres-

sion and reduction of cell migration, adhesion, and inva-

sion [141].

Pharmacological effects of CR polysaccharide

Polysaccharides are polymeric carbohydrate molecules 

composed of more than ten monosaccharide units joined 

by glycosidic bonds. Natural polysaccharides are impor-

tant sources of active substances. It was reported that 

the polysaccharides isolated from CR exhibited modest 

hypoglycemic effects. �e C. chinensis polysaccharides 

(CCP) could increase glucose uptake in high-fat diet-

induced diabetic C57bl/6J mice through lowering fasting 

plasma glucose levels, recovering impaired glucose toler-

ance and regulating the expression of glucose metabo-

lism related genes [142]. �e CCP could also inhibit the 

formation of advanced glycation end product (AGE) for-

mation in  vitro and in streptozotocin-induced diabetic 

mice. �e bodyweight and serum insulin levels of strep-

tozotocin-induced diabetic mice were significantly ame-

liorated and fasting blood glucose and glycated serum 

protein concentrations decreased. Meanwhile, the AGE 

accumulations and morphological abnormalities in the 

pancreas and liver were also improved [143]. It was also 

reported that the anti-diabetic effect of a water-soluble 

polysaccharide isolated from CR was achieved through 

its anti-oxidative effect involving the JNK pathway [144, 

145]. �is water-soluble polysaccharide CCPW-1 could 

increase glutathione peroxidases, SOD, catalase activities 

and decrease glutathione and MDA contents while inhib-

iting JNK expression in high-fat with streptozotocin diet 

induced diabetic mice. CCP also presented a protective 

effect against UV-induced oxidative damage [146].

Safety and toxicity of CR
CR is usually relatively safe at normal dosages. Studies 

have indicated that the toxic constituents of CR were 

the alkaloids, and mainly berberine [147]. However, 

research has suggested that CR and its alkaloids could 

exhibit beneficial activities at low concentrations due to 

their increased plasma exposures [148] and enhanced 

intestinal absorption [149] by naturally occurring pro-

teinaceous nanoparticles in CR extract [150]. Although 

CR was banned in Singapore because berberine has 

been associated with the aggravating effects of jaundice 
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and kernicterus in neonates with glucose-6-phosphate 

dehydrogenase deficiency, in a study on 20 patients with 

chronic cytopenic haematological conditions, RC was 

administered for 1055 patient-days and no organ toxic-

ity or electrolyte imbalance were observed [151]. Acute 

toxicity assays of mice showed that the  LD50 values of 

berberine, coptisine, palmatine and epiberberine were 

713.57, 852.12, 1533.68 and 1360  mg/kg, respectively. 

�eir  IC50 values in HepG2 cells were 48.17, 64.81, 112.80 

and 120.58  mg/mL, and the values were 41.76, 56.48, 

84.32 and 104.18 mg/mL in 3T3-L1 cells [152]. However, 

its toxic and adverse effects cannot be ignored. �ere are 

still many challenges in treating various diseases with 

CR or the alkaloids isolated from CR. Diarrhea was the 

most frequent toxicity effect of treatment at high dos-

ages of CR treatment due to disturbance in the normal 

gut microbiota [153]. Liver and lung injuries were attrib-

uted to the fibrous root of CR at a dose of 3.76 g/kg [154]. 

Berberine could also act as human ether-a-go-go-related 

gene inhibitor which may lead to sudden death [155].

Conclusion
Coptidis rhizoma is widely used as herbal medicine in 

TCM with various significant bioactivities. Until now, 

numerous phytochemical investigations have been car-

ried out on CR and many types of secondary metabolites 

including alkaloids, lignans, phenylpropanoids, flavo-

noids, phenolic compounds, saccharides, steroids were 

reported. However, the multi-component composition 

of Chinese herbs and their multi-functional activities 

that may have greater effectiveness and more complex 

behavior than a single compound are also reflected in 

CR. Studies on the chemical components of CR are still 

needed to thoroughly elucidate its chemical composition 

and to provide a firm basis for quality control and phar-

macological research. As technology has developed, more 

advanced instrumental methods were introduced for the 

quality evaluation of CR in recent years. In particular, the 

application of quantitative MS and quantitative NMR has 

provided more potential for achieving high degrees of 

quality control for herbal medicine. �ese methods will 

still need to be improved further to extend their applica-

bility. Many studies have revealed that CR is a relatively 

safe medicine with multiple activities. �e various phar-

macological effects of CR and its active components also 

present researchers with a significant challenge to thor-

oughly understand their mechanisms of action. Research 

reveals that CR has promising potential: the bioactivities 

of CR were achieved by the synergistic action of multi-

ple ingredients in the complex composition of CR. Many 

mechanisms underlying these pharmacological effects 

are still unknown and need to be discovered. To better 

understand the complex mechanisms that underlie the 

complex behavior of CR, novel research ideas and meth-

ods need to be introduced.
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