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Abstract

Rhizoma coptidis has been used in China for thousands of years with the functions of heating dampness and purg-
ing fire detoxification. But the underlying molecular mechanisms of Rhizoma coptidis are still far from being fully
elucidated. Alkaloids, especially berberine, coptisine and palmatine, are responsible for multiple pharmacological
effects of Rhizoma coptidis. In this review, we studied on the effects and molecular mechanisms of Rhizoma coptidis
on NF-kB/MAPK/PI3K-Akt/AMPK/ERS and oxidative stress pathways. Then we summarized the mechanisms of these
alkaloid components of Rhizoma coptidis on cardiovascular and cerebrovascular diseases, diabetes and diabetic com-
plications. Evidence presented in this review implicated that Rhizoma coptidis exerted beneficial effects on various
diseases by regulation of NF-kB/MAPK/PI3K-Akt/AMPK/ERS and oxidative stress pathways, which support the clinical
application of Rhizoma coptidis and offer references for future researches.
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Background
Rhizoma coptidis has been historically well-used as a
heat-clearing drug in China. There are many researches
on Rhizoma coptidis, but most of them are only a small
part of the whole molecular mechanisms. So we need
to summarize these researches and find out some rules,
which have guiding significance for the further research
of Rhizoma coptidis. Modern pharmacological stud-
ies have demonstrated that Rhizoma coptidis possesses
multiple properties, including neuroprotection [1], anti-
inflammation [2-4], antioxygenation [5, 6], anti-cancer
[7], anti-atherosclerosis [8], anti-diabetes [9] and anti-
obesity [3], etc. These effects of Rhizoma coptidis are
attributed to its alkaloid components, especially isoqui-
noline alkaloids [10]. We chose five isoquinoline alkaloids
(berberine, coptisine, palmatine, jateorrhizine, epiber-
berine) and one aporphine alkaloid (magnoflorine) of
Rhizoma coptidis as research goals (Fig. 1).

When the body is under external pressure, cells pro-
duce stress responses, defense reactions to resist pressure

*Correspondence: hqwan2163@163.com

College of Pharmacy, Chengdu University of Traditional Chinese
Medicine, No. 1166, Liutai Road, Wenjiang District, Chengdu 611137,
China

B BMC

damage, including NF-xB, MAPK, Akt, AMPK, ERS and
oxidative stress signaling pathways [11-14]. NF-kB path-
ways are associated with immunity, inflammation and
cell survival. MAPK pathways refer to various cellular
functions, including cell proliferation, differentiation and
migration. Akt pathways have effects on apoptosis, pro-
tein synthesis, metabolism and cell cycle. AMPK path-
ways are energy regulation pathways. AMPK pathways
inhibit biosynthetic pathways with energy consumption,
such as protein, fatty acid and glycogen synthesis. ERS
pathways are triggered by the unbalance of ER environ-
ment, including hypoxia, disturbance of Ca®* homeosta-
sis and glucose starvation. Oxidative stress pathways are
caused by the imbalance of oxidation and antioxidation
in body. Oxidative stress pathways regulate redox balance
by Nrf2 and other ways.

The theory of traditional Chinese medicine is more
from experience and inference, still lack of sufficient sci-
entific basis, and cannot provide a modern scientific basis
for overseas popularization and clinical use. Traditional
Chinese medicine has multi-components, multi tar-
gets. Their complex components have different pharma-
cokinetic characteristics and complex interactions. The
mechanism of Chinese medicine is complex and system-
atic. As a traditional Chinese medicine, Rhizoma coptidis
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Fig. 1 Structures of alkaloids involved in this review. a The parent structure of main alkaloids in Rhizoma coptidis. b Substituents of the five

has excellent therapeutic effects on various diseases, but
the underlying systematic molecular mechanisms are still
far from being fully elucidated. In this review, we sorted
out the relationship of Rhizoma coptidis among compo-
nents, diseases and NF-kB/MAPK/PI3K/Akt/AMPK/
ERS/oxidative stress pathways, systematically studying
on how Rhizoma coptidis exerts beneficial effects to vari-
ous diseases, which supported the clinical application of
Rhizoma coptidis and provided references for the future
researches.

The effects of Rhizoma coptidis on NF-kB/MAPK/
PI3K-Akt/AMPK/ERS and oxidative stress pathways
Molecular mechanisms of Rhizoma coptidis inhibiting
NF-kB pathways

NF-kB pathways, expressing in all nucleated cells, par-
ticipate in various diseases by regulation of cellular
immunity, proliferation, differentiation and apoptosis,
etc. [15]. NF-kB pathways can be mainly activated by
two pathways. The canonical pathways are triggered by
TNEF-a, IL-1f or viral infections. The activation of IKK
and the degradation of IkB-a play key roles in the regu-
lation of canonical pathways. TNF-a, IL-1f or LPS acti-
vate IKK and lead the degradation of IkB-a and p50/

p65 NF-«B dimer entering the nucleus for DNA tran-
scription [16]. In atypical pathways, the activation of
NF-kB is shown to be independent from the phospho-
rylation of IKK and the degradation of IkB-a [17].

Rhizoma coptidis can regulate NF-kB pathways partly
as Additional file 1: Table S1 and Fig. 2. Rhizoma cop-
tidis regulates the NF-kB pathways as follows: (A) inhi-
bition of the activity of membrane receptors, including
TLR4, CD14; (B) inhibition of the phosphorylation of
nuclear factor kappa-B kinase (IKK); (C) inhibition of
the degradation of NF-kB inhibitor alpha (IxBa); (D)
inhibition of activated NF-«B into the nucleus and its
binding activity to DNA. Rhizoma coptidis exerts anti-
inflammatory and anti-apoptotic effects through the
above-mentioned ways, thereby has potential effects
to diabetes, osteoarthritis, etc. Berberine reduces the
levels of IL-1B, TNF-a in aortic sera and the mRNA
expressions of NF-kBp65, iNOS, ICAM-1, IL-6 also
reduced by inhibiting the migration of NF-kB to the
nucleus in atherosclerotic mice [8, 18]. Coptisine
reduces the expression of proinflammatory cytokines
including TNF-a, IL-1p and IL-6 in ApoE—/— mice
partly by inhibiting NF-«xB activation [19].
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Fig. 2 Molecular mechanisms of Rhizoma coptidis on NF-kB pathways (—- indicates inhibition/reduction, arrow indicates promotion/stimulation).
NF-kB pathways can be suppressed by Rhizoma coptidis at least four ways, including inhibition of the activity of membrane receptors (i.e, TLR4,
CD14), inhibition of the phosphorylation of nuclear factor kappa-B kinase (IKK), inhibition of the degradation of NF-kB inhibitor alpha (IkBa),
inhibition of activated NF-kB into the nucleus and its binding activity to DNA

Molecular mechanisms of Rhizoma coptidis inhibiting
MAPK pathways

MAPK (Mitogen activated protein kinases) pathways
play important roles in inflammatory response, cell pro-
liferation, differentiation and apoptosis, etc., mainly

through three pathways, ERK (extracellular regulated
protein kinases), JNK (c-Jun N-terminal kinase) and p38
MAPK [20, 21]. The activations of MAPK pathways are
very conservative. Each MAPK is activated by a specific
MAPK kinase. MAPK are the pivots of each pathways.
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MAPKK kinase (MAP3K or MKKK) and MAPK kinase
(MAP2K or MKK) of three pathways have different sub-
strates and intermolecular interconnections, as well as
scaffolding proteins [22, 23]. The ERK pathway is acti-
vated by mitogen, such as growth factor, platelet-derived
growth factor and insulin, and plays important roles in
regulating cell growth, survival and differentiation. JNK
and p38MAPK pathways weakly activated by mitogen,
but can be strongly activated by stress signals, including
TNEF-q, IL-1B and ultraviolet irradiation, causing inflam-
matory responses and participating in cell apoptosis [24].
Three pathways can be adjusted specifically. For example,
berberine can effectively inhibit the activation of ERK
in LPS or IEN-y induced BV-2 microglia, but it has no
impact on the phosphorylation of p38 and JNK [25].

Active components of Rhizoma coptidis, especially
berberine, can regulate the differentiation, proliferation
and apoptosis of cells by inhibition of different MAPK
pathways as Additional file 2: Table S2 and Fig. 3, result-
ing in neuroprotective effect, anti-inflammation, etc.
Berberine significantly inhibits the expression of inflam-
matory cytokines in ARPE-19 cells partly by inhibit-
ing the expressions of p38, ERK1/2, JNK pathways [26].
Berberine can regulate expressions of ERK/P38MAPK/
JNK and PI3K-Akt pathways in thyroid cancer cells [27].
Berberine inhibits the activations of MEK/ERK/Egr-1
after mechanical damage of vascular smooth muscle cells
in vitro. Once the Egr-1 is enabled, it can regulate the
expressions of several genes, including MCP-1, Cyclin
D1 and c-Fos [28]. Berberine alleviates vascular inflam-
mation and remodels with metabolic syndrome by inhib-
iting the activation of p38MAPK, ATF-2 and MMP-2 in
the arteries [29]. Berberine has therapeutic effects on
diabetic neuropathy through MAPK signaling pathways
[30].

Molecular mechanisms of Rhizoma coptidis regulating
AMPK pathways

AMPK pathways exist in most of eukaryotic cells and
metabolism related tissues and organs [31]. AMP-acti-
vated protein kinase (AMPK) plays important roles in
multiple metabolic pathways, including regulating move-
ment, nutrition and hormonal signals at cellular level, so
as to control energy consumption and substrate utiliza-
tion of whole body and maintain the balance of energy
metabolism [32, 33]. AMPK promotes glucose uptake
and transport by regulating the expression of GLUT4,
including promoting GLUT4 translocation and unlocking
GLUT4 gene expression [34, 35]. AS160 is a downstream
target of AMPK. Phosphorylation of AS160 promotes the
translocation of GLUT4 and glucose uptake [36]. PFK
(6-phosphofructo-2-kinase) is a speed limiting enzyme
of glycolysis. AMPK regulates the phosphorylation of
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PFK2 [37]. AMPK also can inhibit the activation of FAS,
ACC, etc., to inhibit gluconeogenesis and glycogen for-
mation [38, 39]. AMPK participates in the regulation
of lipid metabolism, which is related to SREBP1C [40].
AMPK plays a major role in the development of insulin
resistance [41]. AMPK can regulate the secretion of insu-
lin and homeostasis of pancreatic p cells [42]. AMPK also
plays significant roles in various inflammatory diseases
with the function of anti-inflammation [43].

Rhizoma coptidis can regulate AMPK pathways partly
as Additional file 3: Table S3 and Fig. 4. Active compo-
nents of Rhizoma coptidis activate AMPK partly by acti-
vating the upstream targets, including LKB1 [25]. After
activating AMPK, Rhizoma coptidis exerts its function
as follows: (A) activation of AS160 and GLUT4 to pro-
mote glucose transportation; (B) regulation of PFK-2 to
promote glycolysis; regulation of FAS and ACC to inhibit
gluconeogenesis and glycogen formation; (C) inhibition
of SREBP1c and its downstream PPARYy, FAS, and ACC1
to anti-obesity. By those ways, Rhizoma coptidis has
therapeutic effects on cerebral ischemia [44], brain injury
[45], diabetes [46], and obesity [47], etc.

Molecular mechanisms of Rhizoma coptidis regulating
PI3K-Akt pathways

The full activations of the PI3K-Akt pathways are com-
plex processes. Akt (protein kinase B) can be phospho-
rylated by PDK1 and PDK2, or directly phosphorylated
by phosphatidylinositol 3’-kinase (PI3K) in residues Thr-
308 and Ser-473 [48]. Once the Akt is activated, it can
regulate the expressions of downstream factors. Akt can
inhibit GSK-3f activity by increasing its phosphoryla-
tion and there has shown that GSK-3p plays an important
role in cellular survival and metabolism [49]. Akt inhib-
its cell apoptosis by regulating the expressions of BAD
(Bcl-2-associated death promoter), Bcl-2, procaspase-9,
and caspase-9 [50, 51]. Akt regulates cell growth by con-
trolling the expression of mTORC1 (mTOR complex 1)
that controls the initiation of translation and synthesis of
ribosome [52]. Akt participates in the process of nutri-
ent absorption and metabolism, such as by regulation of
GLUT4 and HIF-la to mediate insulin stimulation and
glucose absorption. Akt is also involved in angiogenesis
and cell migration [53-56].

Rhizoma coptidis can regulate PI3K-Akt pathways
partly as Additional file 4: Table S4 and Fig. 5. Berber-
ine can be utilized to treat skin pigmentation and pre-
vent cardiac dysfunction by regulating PI3K/Akt/GSK3
pathway [57, 58]. Berberine regulates cardiac fibroblast
proliferation, collagen synthesis, cytokine secretion and
induces the apoptosis of gastric cancer cells by Akt/
mTOR/p70S6K pathway [59, 60]. Berberine protects
endothelial progenitor cells from TNF-a by increasing
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Fig. 3 Molecular mechanisms of Rhizoma coptidis on MAPK pathways (—- indicates inhibition/reduction, arrow indicates promotion/stimulation).
Rhizoma coptidis can modulate MAPK pathways via several pathways, including ERK, JNK and p38 pathways. Three pathways can be adjusted
specifically by Rhizoma coptidis. Through modulation of various MAPK pathways, Rhizoma coptidis suppresses inflammatory responses causing by

the expressions of PI3K/Akt/eNOS [61]. PI3K-Akt path-
ways are widely expressed in the development of cen-
tral nervous system [62]. BBR regulates the PI3K/Akt/
GSK3p pathway at the early stage of neuronal polariza-
tion and promotes AMPK activation in low energy state

to mediate the growth of neurite and affect the stability of
cellular cytoskeleton [32]. Also, BBR induces the activa-
tion of PI3K/Akt/Nrf2 to protect dopaminergic SH-SY5Y
neuron cells, NSC34 motoneuron cells and astrocytes [1,
63, 64].
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Fig.4 Molecular mechanisms of Rhizoma coptidis on AMPK pathways (—- indicates inhibition/reduction, arrow indicates promotion/stimulation).
Rhizoma coptidis can activate AMPK pathways via modulating upstream targets (i.e,, LKB1). Once AMPK is activated, downstream signals of AMPK
will be stimulated to demonstrate multiple biological effects, including anti-obesity, anti-diabetes, etc.

Molecular mechanisms of Rhizoma coptidis regulating ERS
pathways

Endoplasmic reticulum (ER) is an important subcellular
organelle that completes the protein folding and modifi-
cation. When cells are subjected to intensive stimuli, such
as oxygen deprivation, glucose starvation, disturbance of

Ca* homeostasis, the endoplasmic reticulum will accu-
mulate of unfolded/misfolded protein and induce endo-
plasmic reticulum stress (ERS). Then transcription factor
6 (ATEF6), inositol-requiring protein-1 (IRE1) and PKR-
like ER kinase (PERK) will be activated to reduce endo-
plasmic reticulum burden and maintain endoplasmic
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inhibition of apoptosis and suppression of inflammation

Fig. 5 Molecular mechanisms of Rhizoma coptidis on PI3K-Akt pathways (—- indicates inhibition/reduction, arrow indicates promotion/
stimulation). By modulating upstream targets (i.e, IRS, PI3K), Rhizoma coptidis increases Akt ser473 phosphorylation. Once Akt is activated,
downstream signals (i.e. GSK3(3, mTOR, Nrf2) will be stimulated to demonstrate multiple biological effects, including decrease in oxidative stress,

BBR, Cop, Pal

reticulum homeostasis [11, 65]. Recent studies have
shown that ERS pathways play critical roles in the patho-
genesis of obesity, insulin resistance and T2DM [66].
Berberine is localized both in the nucleus and ER [32].
Rhizoma coptidis, through down-regulation of proteins

in ERS pathways, including PERK, IRE-l«, elF2a and
CHOP, has therapeutic effects on ER stress-associated
diseases, including obesity, inflammation and diabetes
(Additional file 5: Table S5; Fig. 6). Berberine protects
HepG2 cells from ER stress damage by inhibiting the



Wang et al. Chin Med (2018) 13:27

PO

Trénscﬁpﬁon

Fig. 6 Molecular mechanisms of Rhizoma coptidis on ERS pathways
(—- indicates inhibition/reduction, arrow indicates promotion/
stimulation). ERS pathways can be inhibited by Rhizoma coptidis at
least two ways, including inhibition of the expression of IRE-1 and
inhibition of the phosphorylation of PERK

expressions of PERK, elF2a in ERS pathways [66]. Ber-
berine exerts neuroprotective effects by down-regulation
of ERS related proteins [67]. Also, berberine inhibits
inflammatory cytokines induced inflammation in human
intestinal epithelial cells through down-regulation of ERS
related proteins [68]. In addition, berberine can selec-
tively up-modulation of ERS components, CHOP, ATF3,
ATF4 and TRB3 with a concomitant down-modulation of
C/EBPa and PPARY to alleviate ER stress [69].

Molecular mechanisms of Rhizoma coptidis regulating
oxidative stress pathways
Low levels of ROS/RNS are necessary for cell prolifera-
tion and differentiation. Excessive levels of ROS/RNS
directly destruct of cell membrane, DNA and proteins,
resulting in cell function damage, proliferation inhibition
and apoptosis [70]. ROS are radical species, including
0?7, H,0, OH_., peroxylradicals, etc. RNS are radical spe-
cies, including NO and ONOQOT, etc. [71, 72]. Under nor-
mal condition, antioxidant proteins, such as glutathione
(GSH), ROS metabolic enzymes, including glutathione
peroxidase, catalase and superoxide dismutase (SOD),
are in balance. When this redox homeostasis is unbal-
anced, oxidative stress will be activated and participate in
the occurrence and development of various diseases [72].
Oxidative stress interacts with other pathways [65].
NF-kB, MAPKs, AP-1, HIF, PI3K/Akt are redox-sensitive
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transcription factors. ROS activates NF-kB pathways
through activation of IkB kinase, regulation of the chro-
matin remodeling, coactivator recruitment and DNA
binding ability of NF-«B [72, 73]. Berberine down regu-
lates ROS-related ASK1, p38/JNK, and NF-kB pathways
in osteoarthritis synovial fibroblasts [74]. Berberine also
prevents ROS dependent and JNK driven apoptosis in
bone marrow mesenchymal stem cells [70].

Nrf2 is an important transcription factor that regulates
the balance of redox in cells. Under normal physiologi-
cal conditions, Nrf2 binds to Keapl in cytoplasm. After
activation, Nrf2 separates from Keapl and binding to
ARE site to activate the downstream promoters and pro-
teins, including NQO1, HO-1, GST, thioredoxin [75, 76].
In SH-SY5Y cells, Nrf2 siRNA abolished BBR-induced
HO-1, neurite outgrowth and ROS decrease, which indi-
cates that berberine is a Nrf2 activator against glucose
neurotoxicityas [49]. Also, berberine, a PI3K activator,
can regulate the oxidative stress by regulating the PI3K-
Akt-Nrf2 pathway. PI3K-Akt and MAPKs pathways
are important for BBR to induce Nrf2 translocation and
HO-1 expression [21, 49, 64]. Coptisine also can activate
Nrf2 and its upstream targets, including Akt and JNK,
thus to regulate expressions of NQO1, ROS, GSH SOD
and GPx in HepG2 cells [77].

Therefore, Rhizoma coptidis can regulate oxida-
tive stress partly as Additional file 6: Table S6. Rhizoma
coptidis can regulate oxidative stress by following: (1)
regulation of ROS/RNS radical species, including H,O,,
ONOOT; (2) regulation the productions of antioxidant
proteins, including ROS metabolic enzymes; (3) regula-
tion the expressions of redox-sensitive transcription fac-
tors, including NF-kB, MAPKs, AP-1, HIF, PI3K/Akt; (4)
stimulating the translocation activity and nuclear accu-
mulation of Nrf2, as well as promoting the Nrf2-DNA
binding activity.

NF-kB/MAPK/AMPK/PI3K-Akt/ERS/oxidative stress
pathways in disease states

Cardio-cerebral-vascular system

Rhizoma coptidis has significant effects on the main
pathogenic factors of cardiovascular diseases, including
anti-atherosclerosis, lipid lowering and anti-ischemia
reperfusion injury. These properties have been attrib-
uted to alkaloid components of Rhizoma coptidis,
including berberine, coptisine, palmatine, epiberberine,
jatrorrhizine and magnoflorine [78, 79].

Ischemic-reperfusion injury

Rhizoma coptidis has therapeutic effects on ischemia—
reperfusion injury by regulation of Akt/AMPK/p38/
ERS/oxidative stress pathways as follows: (1) regulation
of Ak/GSK3B/CREB as well as JNK/ERK1/2 to reduce
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ischemic brain injury [48]; (2) activation of PI3K-Akt,
enhancement the accumulation of HIF-1a and promot-
ing of HIF-1a mediated Sphk2 transcriptional to pro-
tect endogenous nerves [44]; (3) activation of AMPK,
phosphorylation of Akt, thus exerting protective effects
on the non-ischemic regions of the diabetic heart [80];
(4) activation of AMPK and PI3K-Akt-eNOS pathways
to reduce myocardial apoptosis induced by ischemia/
reperfusion in diabetic rats [81]; (5) regulation of lactate
dehydrogenase (LDH), creatine phosphokinase (CK),
superoxide dismutase and catalase (CAT) and other anti-
oxidant enzyme activities [82]; (6) P38MAPK is crucial in
myocardial ischemia and reperfusion [83]. Rhizoma cop-
tidis also inhibits ischemia—reperfusion injury by block-
ing the activity of p38MAPK.

Obesity

Berberine, epiberberine, coptisine, palmatine, and mag-
noflorine can inhibit the lipid accumulation significantly
in a dose-dependent manner in 3T3-L1 cells. They can
down regulate the expression of adipocyte marker pro-
teins, including C/EBP-a and PPAR-y. The inhibition
ability is as follows: coptisine>berberine>epiberber-
ine > palmatine > magnoflorine [84].

AMPK and SREBP-1c are the main therapeutic targets
for the treatment of metabolic diseases. AMPK is a kinase
responsible for the phosphorylation of SREBP-1c in adi-
pocytes. SREBP-1c is a transcription factor associated
with the promoter region of a number of genes related
to fat formation. SREBP-1c plays an important role in
increasing triglyceride synthesis by increasing numbers
of adipose producing genes related to FAS, also by pro-
moting the expression of PPAR-y [85]. Berberine can
induce SREBP-1c phosphorylation by AMPK/Akt phos-
phorylation, thus inhibiting protein hydrolysate, nuclear
translocation and DNA binding ability of SREBP-1c and
reduce the expressions of lipogenic genes including FAS,
LPL, PPAR-y, C/EBP-a and ACCI in a dose-dependent
manner [85]. Epiberberine can inhibit lipid accumulation
by regulating the expressions of AMPK/Akt and cellular
differentiation mediated Raf/MEK1/ERK1/2, and then
down regulating the main transcription factors of adipose
formation, such as PPAR-c, C/EBP-a, SREBP-1c, and FAS
in 3T3-L1 adipocytes [47]. Jatrorrhizine can also down
regulate the expressions of SREBP-1c and FAS in the liver
of high-fat diet-induced obesity mouse model [86].

Diabetes and its complications

Berberine, epiberberine, magnoflorine, palmatine, jatror-
rhizine and coptisine have antidiabetic potential [87, 88].
Jatrorrhizine, palmatine and magnoflorine have poten-
tial therapeutic effects on diabetic complications such
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as retinopathy, cataract, neuropathy, and kidney disease
[89].

Insulin resistance and glucose metabolism disorder

Rhizoma coptidis plays a therapeutic role in insulin
resistance partly by regulating the TLR4/JNK/NF-«xB
pathways and Akt/AMPK/GLP-1/ERS pathways. In the
insulin resistance models, Rhizoma coptidis acts on the
TLR4/JNK/NF-«xB inflammatory pathways and inhibits
the activities of MCP-1, IL-6, TNF-a, JNK and NF-«B [9,
90-93]. AMPK also plays an important role in Rhizoma
coptidis’s treatments on diabetes [94]. Rhizoma coptidis
up-regulates the expression of LKB1, AMPK and inhibits
the translocation of TOCR?2 into the nucleus in the liver
of diabetic rats [46]. Berberine regulates the expression of
GLUT4 in insulin-resistant cells with AMPK dependent
and Akt independent ways. Akt is an important kinase
that mediates glucose metabolism stimulated by insulin,
and the deficiency of Akt can lead to glucose metabo-
lism disorder. Rhizoma coptidis acts on Akt pathways by
modifying IRS, phosphorylation of downstream Akt and
activating PKC to improve insulin signaling cascade [66,
95, 96]. Protein kinase C (PKC) is expressed by the insu-
lin receptor. Berberine can decrease insulin resistance by
activating PKC, and inhibitor of PKC can eliminates InsR
activation and InsR mRNA transcription induced by ber-
berine [97]. IRS-1 is the principal link between inflamma-
tion and insulin resistance [95]. Berberine can improve
the IRS-1 level in the brain and restore the expressions of
GLUT1 and GLUT3 in the treatment of diabetic animals
[98]. Berberine also improves insulin resistance in non-
alcoholic fatty liver disease by regulating the expression
levels of IRS-2 [95]. Akt induces GLUT translocation to
the plasma membrane and regulates downstream targets
involved in glycogen synthesis including GSK-3f and glu-
cokinase [99]. Berberine activates Akt and GCK in liver
and adipose tissue. The activity of GSK-3p in the liver
was also inhibited by berberine [90, 96, 99]. Recent stud-
ies have shown that ERS play important roles in obesity,
insulin resistance and T2DM. Rhizoma coptidis treats on
insulin resistance partly by acting on the ERS pathways,
including JNK, PERK, elF2a and ORP150 to protect cells
from ER stress injury [66].

Rhizoma coptidis also treats insulin resistance by acti-
vation of GLP-1. Berberine may regulate the secretion
of GLP-1 by regulating AMPK [100]. GLP-1 plays an
important role in stimulating glucose dependent insulin
secretion, inhibiting glucagon release, promoting B cell
proliferation, and gastric emptying and food intake [100].
Rhizoma coptidis can increase the expression of GLP in
type 2 diabetic rats to stimulate glucose consumption
and lower the levels of blood glucose [101]. Berberine
also promotes the secretion of GLP-1 by activating TGR5
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and bitterer receptor subtype TAS2R38. TGR5 plays
an important role in regulating glycolipid metabolism,
inhibiting inflammation, and improving kidney disease
[101, 102].

Glucose transportation is the speed limiting step of
glucose metabolism and can be activated in the periph-
eral tissue by two different ways: (1) IRS-1/PI3K sig-
nal transduction stimulated by insulin; (2) activation of
muscle contraction through AMPK [103]. Berberine can
improve glucose metabolism by insulin independent way
in insulin sensitive cells including HepG2, C2C12, L6,
3T3-L1 cells [91, 104]. Berberine can increase the ratio of
AMP/ATP and activate AMPK and Akt pathways to pro-
mote acute insulin mediated glucose transportation [101,
103].

Diabetic nephropathy

Diabetic nephropathy (DN) is one of the microvascular
complications of diabetes and is the main cause of end-
stage diabetes [105]. Oxidative stress, ERS and inflam-
mation play important roles in the treatment of DN with
Rhizoma coptidis. The levels of AGEs, P-PKC-f and
TGEF-B increased in injured kidneys. Berberine signifi-
cantly reduced these levels, but the specific mechanisms
remain to be further studied [106].

Rhizoma coptidis can treat diabetic nephropathy by
AMPK/NE-kB/MAPK/Akt/oxidative stress/ERS pathways
in diabetic nephropathy. (A) Under high glucose conditions
in glomerular mesangial cells, berberine activates TGR5
and inhibits NF-kB/AP-1/MAPK pathways, decreasing
the expressions of fibronectin (FN), ICAM-1, TGF-B1 and
the phosphorylation levels of c-Jun/c-Fos [101, 107, 108].
High glucose can induce the over expressions of TGF-1
in diabetic animals and patients, leading to renal fibrosis.
However, berberine can reduce the expression of TGEF-
B1 by NF-kB pathways [108]. At the same time, berberine
suppresses the p38MAPK pathways to inhibit the forma-
tion of fibronectin and collagen, which participate in renal
fibrosis [105]. (B) Under high glucose conditions in renal
tubular epithelial cells, berberine activates the PI3K/Akt
pathways, reducing the expressions of apoptosis related
proteins including Bax, cytochrome c, caspase3 and cas-
pase9. Berberine also has effects on the oxidative stress
pathways by reducing ROS production, promoting the
expressions of GSH, SOD, Nrf2 and OH-1 to protect the
renal tubular epithelial cells from apoptosis [75]. In dorsal
root ganglion neurons, Berberine can reduce ROS produc-
tion and rescue mitochondrial dysfunction induced by high
glucose by increasing the expression of p-AMPK and Nrf2
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[109]. (C) The sertoli cells arrange at the height of the glo-
merular basement membrane, and the lack of sertoli cells
in regeneration is the main restriction of glomerular heal-
ing. Berberine can prevent Aldo induced sertoli cells injury
and apoptosis by inhibiting the expressions of ERS related
protein GRP78 and CHOP [110].

Discussion and conclusion

As a traditional Chinese medicine, Rhizoma coptidis is
widely cultivated in China. It can be employed in infec-
tious diseases, cardiovascular diseases, diabetes and so on.
Its new efficacy is also constantly being discovered. In this
paper, we summarized its mechanisms from the relation-
ships of effective components, diseases and pathways. We
found that various pharmacological effects of Rhizoma
coptidis were due to its overall effects on multiple targets
and pathways. The single component of the Rhizoma cop-
tidis can act on several pathways at the same time. Multi-
ple effective components of Rhizoma coptidis also play
synergistic roles in pathways. In Osteoarthritis articular
chondrocytes, berberine activates Akt/p70S6K/S6 pathway
to promote protein synthesis, cell survival and matrix pro-
duction, and also strongly induces differentiation through
PI3K/Akt and p38 kinase pathway [111, 112]. Berberine
also regulates the formation of osteoclasts through the neg-
ative feedback of AK1 and the activation of AMPK [113].
Coptisine inhibits NF-kB activation and the expression of
COX-2, MMP-3, MMP-13 in Osteoarthritis articular chon-
drocytes [114]. Palmatine may attenuate osteoclast differ-
entiation by inhibiting the expressions of OPG, RANK and
RANKL [115, 116].

The related signaling pathways of Rhizoma coptidis are
complex. It has been studied from the point of network
pharmacology and revealed some mechanisms from the
body system. But the activations of the corresponding bio-
markers are caused by which components, which compo-
nents regulate the networks or targets and whether there
are synergistic/antagonistic effects between these com-
ponents remain to be further studied. How to integrate
the components, pharmacological actions and targets
of Rhizoma coptidis is the focus and difficulty of future
researches.

Therefore, in order to make full use of Rhizoma cop-
tidis, we should use the modern technical means, such as
the combination of the composition-activity relationship
with metabolomics, to find the material basis and system
mechanisms of Rhizoma coptidis. It will provide important
bases for clinical application and comprehensive utilization
of Rhizoma coptidis.
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Additional file 1: Table S1. The effects of Rhizoma coptidis on NF-kB
pathways (| indicates inhibition/reduction, tindicates increase).

Additional file 2: Table S2. The effects of Rhizoma coptidis on MAPK
pathways ({indicates inhibition/reduction, ftindicates increase).

Additional file 3: Table S3. The effects of Rhizoma coptidis on AMPK
pathways ({indicates inhibition/reduction, findicates increase).

Additional file 4: Table S4. The effects of Rhizoma coptidis on PI3K-Akt
pathways (| indicates inhibition/reduction, tindicates increase).

Additional file 5: Table S5. The effects of Rhizoma coptidis on ERS path-
ways ({indicates inhibition/reduction, tindicates increase).

Additional file 6: Table S6. The effects of Rhizoma coptidis on Oxidative
Stress pathways ({indicates inhibition/reduction, tindicates increase).
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