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ABSTRACT

The main purpose of this review was to ascertain the clinical application and future non oncological uses of Berbamine.
Berbamine, as a STATS3 (signal transducer and activator of transcription) inhibitor, antioxidant, anti-inflammatory and
modulator of many signalling pathways, should be investigated in autoimmune diseases. Berbamine has been found to
have pharmacological activity in the following cancers: breast cancer, lung cancer, prostate cancer, pancreatic cancer,
ovarian cancer, glioblastoma, colon cancer, bladder cancer, chronic myeloid leukemia, hepatocellular carcinoma, triple
negative breast cancer and osteosarcoma. Ischemic reperfusion injury, melanoma, COVID-19 and allergy diseases are
among the conditions for which it is beneficial. It may aid in the treatment of obesity, metabolic syndrome, inflammatory
syndrome, sepsis, COVID-19, dengue fever, Nipah virus infection, influenza, solid tumors, lymphoma, cancer,
hematological malignancies, skin inflammatory disorder and atopic dermatitis. Berbamine can be used as versatile

molecule in alcoholic liver disease, diabetic nephropathy and antiviral, anti-inflammatory.
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INTRODUCTION

Berbamine is a natural chemical derived from the Chinese
herb  Berberis amurensis.! Berbamine, a bis-
benzylisoquinoline alkaloid, has been utilized for many
years in China to treat clinical patients with inflammation
and cancer.?

Mechanism of action34?

The mechanism of action is as follows.3? It activates and
inhibits a large number of pathway and transcription
factors. Berbamine activates intrinsic apoptotic process, it
is STAT3 antagonist. Inhibition of the Wnt/B-catenin
signaling pathway by berbamine in the intracellular
environment. Modulate reactive oxygen species via NF-xB
is done. Berbamine compounds synthesized synthetically
inhibit JAK2/STAT3 signaling. Berbamine activates the
apoptotic signaling pathway, which is regulated by the p53
gene. Berbamine induces apoptosis (cell death) in cancer
via the Fas protein. The c-Maf, PI3K/Akt and MDM2-P53

pathways are all involved. It works by inhibiting the NF-
kB and MAPK signaling pathways, both of which are
involved in inflammation. Caspase activation occurs with
berbamine. Berbamine acts on Na*/K* ATPase. Berbamine
protects against SARS-CoV-2 infection by inhibiting
ACE2 endolysosomal trafficking mediated by TRPMLs.
Prostaglandins and leukotrienes production are inhibited.
By maintaining cytosolic Ca?* homeostasis and blocking
calpain activation, it protects against ischemia/reperfusion.
The mTOR/SREBP-1c axis is regulated by Berbamine
induced AMPK activation. It regulates the expression of
eNOS and iNOS. Berbamine regulates autophagy in cells.

Berbamine its uses

Breast cancer, lung cancer, prostate cancer, pancreatic
cancer, ovarian cancer, glioblastoma, colon cancer, bladder
cancer, chronic myeloid leukemia, hepatocellular
carcinoma, triple negative breast cancer, osteosarcoma,
ischemic reperfusion injury, melanoma, COVID-19,
antioxidant.>4?
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Figure 1: Mechanism of action.

migration and invasion of highly metastatic human breast
cancer cells.* Berbamine was tested for anticancer activity
in vitro experiments and in vivo experiments in the

Berbamine curbs the growth of liver cancer cells as well as
cancer-initiating cells.> BER inhibits the proliferation,

treatment of lung cancer.> Berbamine reduced the
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development of prostate cancer cells in vivo experiments
and in vitro by experiments activating an inherent apoptotic
mechanism.®

Berbamine improves gefitinib effectiveness by decreasing
STATS3 activation in pancreatic cancer cells.” Berbamine
inhibits cell proliferation and provokes apoptosis (cell
death) in ovarian cancer via inhibiting Wnt/B-catenin
signaling.® A new Berbamine derivative decreases cell
viability and promotes apoptosis in human glioblastoma
cancer stem-like cells.® Berbamine has anticancer
properties in human colon cancer cells by inducing
autophagy and apoptosis and inhibiting cell migration.°
Berbamine suppresses bladder cancer progression by
modulating the ROS/NF-B axis.'* Novel synthetic
Berbamine derivatives block JAK2/STAT3 signaling and
induce apoptosis in human melanoma cells.*?

Berbamine's emerging role as an anti-cancer medication in
systemic malignancies other than chronic myeloid
leukemia is being studied further.®* To treat stomach
cancer, polymeric carriers are used to transport the
chemotherapy drugs paclitaxel and Berbamine.'*
Berbamine hinders cell viability and causes cell death
(apoptosis) in colorectal cancer cells through activating the
p53-dependent apoptotic signaling pathway.*® Berbamine
suppresses tumor growth in nude mice by inducing Fas-
mediated apoptosis (cell death) in carcinoma of liver
(HepG2 cells lines).'® Berbamine has a superior radio-
sensitizing effect in vitro and in vivo for head and neck
squamous cell cancer.*”

Berbamine inhibits cell proliferation and migration while
also inducing cell death in lung cancer cells via the c-Maf,
PI3K/Akt and MDM2-P53 pathways.'® Amalgamation of
detoxified pneumolysin derivative (A146Ply) and
Berbamine as a breast cancer treatment.’® Berbamine
reduces inflammation by inhibiting the NF-xB and MAPK
signaling pathways.?’ Berbamine causes apoptosis in the
human hepatoma cell line SMMC7721 via reducing
mitochondrial transmembrane potential and activating
caspases.?* Berbamine has significant anticancer effects in
vitro and in vivo on imatinib-resistant CML cells.?

Berbamine and ouabain, which target Na*/K* ATPase,
work along with sorafenib to inhibit hepatocellular
cancer.?®> Natural substance Berbamine improves
doxorubicin treatment efficacy in triple negative breast
cancer.?* Berbamine has anti-proliferative effect on k562
resistant cells via inhibiting the NF-xB pathway.?®
Berbamine induces (cell death) apoptosis in human
leukemia Jurkat cells in an experimental investigation.?®
Berbamine prevents neutropenia caused by imatinib and
allows for cytogenetic reactions in Chinese patients with
long duration of chronic myeloid leukaemia.?’

Berbamine, a natural STATS3 inhibitor, enhances the anti-
growth and pro apoptotic effects of sorafenib on
hepatocellular ~ carcinoma  cells  synergistically.?®
Berbamine is a new bcr/abl fusion gene inhibitor with
significant anti-leukemia action.?® Through the stimulation
of ROS/INK signaling, a Berbamine derivative promotes

apoptosis in chemotherapy-resistant human osteosarcoma
cells.?® Berbamine, a new nuclear factor B inhibitor,
suppresses proliferation and promotes death in human
myeloma cells.3® Berbamine shields the heart from the
damage caused by ischemia/reperfusion by preserving
cytosolic Ca?* homeostasis and inhibiting calpain
activation.®® Berbamine and paclitaxel have synergisti
anticancer actions in glioma cells via the ROS/Akt
pathway.®

Berbamine reduces ethanol-induced liver damage in mice
via inhibiting hepatic inflammation.®®* Human melanoma
cells are killed by novel synthetic Berbamine derivatives
that inhibit JAK2/STAT3 signaling.®* Berbamine is a
potent inhibitor of human in fibroblast.®> Berbamine, a
natural occurring compound which is CaMKII inhibitor,
has anti-angiogenic and anticancer properties against
glioblastoma.®®  Berbamine prevents SARS-CoV-2
infection by interfering with TRPMLs-mediated ACE2
endolysosomal trafficking.®” The plant alkaloids
tetrandrine and Berbamine inhibit the production of
prostaglandins and leukotrienes.® Berbamine stimulate
AMPK activation normalize the mTOR/SREBP-1c axis
and the Nrf2/ARE pathway in steatotic (lipid
accumulation) HepG2 cell units, alleviating lipid accretion
and oxidative stress.>® Berbamine analogues protect against
aminoglycoside-induced hair cell death in distinct ways.*°
Berbamine shields the heart from isoproterenol-induced
myocardial infarction in rats via regulating the expression
of eNOS and iNOS.** Through autophagy regulation,
Berbamine post conditioning shields the myocardium from
ischemia/reperfusion injury.*2

Non-oncological uses of Berbamine
Diabetic nephropathy

A new potential target in diabetic nephropathy has been
identified.#*>" The Wnt/B-catenin signaling pathway is
involved in mesangial cell extracellular matrix (ECM)
production (MCs).%® Through the JNK/NF-B/NADPH
oxidase/ROS pathway, high glucose promotes renal
mesangial cell proliferation and fibronectin expression.®
High glucose (HG) activated NF-B signaling and increased
TLR4 and MCP-1 expression.®® NF-B-mediated increased
inflammation, possibly via ROS. STAT3 inhibition in
tubular epithelial cells protects against kidney fibrosis and
nephropathy.5! Discriminating activation of AMPK
including its isoforms recovers renal function in a diabetic
nephropathy rat model.2 Bunge et al notoginseng is a
Chinese formula for diabetic nephropathy (in vivo and in
vitro evidence) by regulating autophagy.® Berbamine acts
on this pathway and based on growing evidence, the
hypothesis of using Berbamine in diabetic nephropathy can
be advanced.

Asthma and allergic disorder

The role of stat and inflammation is thoroughly
discussed.®*®  Berbamine, a  well-known anti-
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inflammatory and STAT 3 inhibitor, can be used to treat
asthma.

CONCLUSION

Berbamine being STAT 3 inhibitor, antioxidant, anti-
inflammatory and modulator of many signalling pathway it
must be explored in autoimmune diseases, may help treat
diseases like obesity, metabolic syndrome, inflammatory
syndrome, sepsis, COVID-19, dengue fever, Nipah virus
infection, influenza, solid tumors, lymphoma, cancer,
hematological malignancies, skin inflammatory disorder,
atopic dermatitis, psoriasis, allergic asthma, liver
regeneration, diabetic nephropathy, brain injury, newborn
hypoxia-ischemia, ischemic brain damage, nerve
regeneration, fibrotic disease, autoimmune diseases like
rheumatoid arthritis, SLE, lupus nephritis, inflammatory
bowel diseases.
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