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ABSTRACT

As the prevalence of breast cancer has been increasing day by day in almost every part of the world, there is need to develop alternative therapeutic measures
for breast cancer control. To fulfill this need, chemoprevention is a novel approach. Efforts have been made to identify synthetic or natural products that can
prevent the pre-neoplastic events preceding the occurrence of detectable cancer. Berberine (quaternary ammonium salt from the protoberberine group of
isoquinoline alkaloids) is one such compound. In this review in vitro and in vivo anticancer activities of berberine have been summarized. The mechanisms of
action of berberine include; inhibition of tumorigenic microorganisms, regulation of oncogene, interaction with DNA and RNA, inhibition of carcinogenesis
related enzymes and induction of apoptosis. Berbrine has synergistic activity of when given in combined medication while it is also responsible for reduction

of multidrug resistance in breast cancer treatment.
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INTRODUCTION

Cancer is a set of disorders characterized by unrestrained growth of
abnormal cells which spread out throughout the body. If this spread
is not limited, death may occur. Breast cancer mainly originates in
lobules and ducts of breast tissues. Lobules are joined to nipples by
ducts; however, the remaining major parts of the breast are
lymphatic and connective tissues. The international agency for
research on cancer (IARC), a focused agency for cancer of the world
health organization (WHO), has provided the latest information
regarding occurrence, death rate and frequency of cancer worldwide
on December 12, 2013. According to IARC report, the most
frequently diagnosed cancer globally were those of the lungs
affecting 1.8, 1.7 and 1.4 million people respectively and their
percentage was recorded to be 13.0, 11.9 and 9.7 % respectively.
According to this report there was a sharp rise in breast cancer
worldwide. Studies have revealed that since 2008, breast tumor
occurrence has enhanced by more than 20 %, however mortality has
augmented by 14 %. Breast sarcoma was found to be the tumor that
was mostly diagnosed in females of 140 out of 184 countries of the
world. Furthermore, this type of cancer also proved to be the cause
of death in under developed countries worldwide'. Breast cancer is
mainly caused by the mutations in BRCA1 and BRCA2 genes;
however family history, obesity and hormone therapies also
participate in pathogenesis of breast tumors. Enhanced levels of
estrogen are mainly responsible for breast cancer in females.
Chemotherapy and radiation therapy are mostly used in the
treatment of breast cancer along with adjuvant and neoadjuvant
therapies. Recent studies have shown that monoclonal antibodies are
also used in the treatment of breast tumors’. From the previous
studies it is obvious that the medicines obtained from the plant
extracts have played a significant role in health care of ancient and
current cultures. In Indian Ayurveda system mostly plant origin
drugs are used to treat various diseases including cancer. In the
treatment of sarcoma’s about 60 % of natural origin drugs are used,
such as vinca alkaloid and paclitexal, etc’. The latest treatment for
different types of cancers includes gene therapy’. Berberine is
basically a quaternary ammonium salt from the protoberberine
group of isoquinoline alkaloids and It is isolated from rhizome, stem

bark and roots of a various plant species including Berberis aristata,
Berberis vulgaris, Berberis aquifolium, Coptis chinensis, Hydrastis
canadensis and Arcangeliesia flava’. In this review we will review
such studies to give an updated status on anti-tumor activity of
berberine with reference to breast cancer.

Mechanisms of action of Berberine

From recent research it is obvious that berberine possesses both in
vivo and in vitro antitumor activity. Berberine exerts anticancer
activity through following mechanisms.

Inhibition of tumorigenic microorganisms

Different experiments depicted berberine has inhibitory effects on
propagation and duplication of some tumorigenic microbes and
viruses like hepatitis B-virus and Helicobacter pylori®. There is
etiological close relationship between tumorigenesis and pathogenic
microorganisms; for example, Helicobacter pylorus is a source of
peptic ulcer, gastric cancer and chronic gastritis’®. Therefore the
antimicrobial activity of berberine may be responsible for its
anticancer potential.

Regulation of oncogene

In many recent studies it was revealed that berberine is responsible
for increased AMP- activated protein kinase. This increased activity
due to barberine causes phosphorylation of tumor suppressor gene
p53 in vascular smooth muscle cells (VSMCs)’. Transcription
factors like nuclear factor-kB (NF-kB), nuclear factor E2-related
factor 2 (Nrf2) and activated protein-1 (AP-1) mediate cellular
signaling cascades. These factors play a significant role in tumor
initiation, promotion, and propagation'’. In a study it was observed
that berberine has inhibitory potential for AP-1 activity in human
hepatoma cells, hence, this inhibitory potential is dose and time
dependent'!. Moreover, a latest study has discovered that berberine
induces apoptosis and growth inhibition in lung cancer cells of
human in vitro'.

Page 81



Ahmad Raza et al. Int. Res. J. Pharm. 2015, 6 (2)
T Ty S S S T T Y 1 Y KT TTY R T B

Interaction with DNA and RNA

Berberine interacts with DNA and RNA to form the complexes with
them. This complex formation might be responsible for its antitumor
mechanism'®.  Several analytical techniques like fluorescence,
absorption, electroscopy ionization mass spectrometeries and
nuclear magnetic resonance and have been used to study berberine
binding affinities with DNA or RNA™. Liu'® conducted a study
which showed that berberine therapy is effective for the treatment of
normal osteoblasts and osteosarcoma cells via the activation of p53
gene (tumor suppressor gene) and p53 dependent cellular responses
which are responsible for cell cycle capture and cell death.

Inhibition of Carcinogenesis related Enzymes
Inhibition of N-acetyltransferase

The environmental and occupational chemicals play a pivotal role in
causation of chemical carcinogenesis. Cytosolic arylamines N-acetyl
transferase (NAT) metabolize arylamines and forms reactive
carcinogenic metabolite'®'”. NAT has important role in drug
detoxification and carcinogen activation's. In many studies it was
observed that berberine has inhibitory effect on NAT activity of
several cancerous cells like human bladder carcinoma cells (T24)
dose dependently'®, human colon tumor cells®’, HL-60 human
promyelocytic leukemia cells?’, human malignant astrocytoma
(G9T/VGH)?, and mouse lymphocytic leukemia cells (L1210)*.
Moreover, berberine also inhibited the NAT genes expression in
vitro in a dose and time dependent manner®>>*,

Inhibition of cyclooxygenase-2(COX-2)

The COX-2 plays a pivotal role in prostate®, lung®, colon®, and
skin’’ tumorigenesis. It may be a new potential target for cancer
therapy”?". Therefore the compounds that inhibit COX-2
transcriptional activity can be important for chemoprevention
against cancer. Accumulate evidence suggests that berberine has
inhibitory effect on transcriptional activity of COX-2 in cancer cells
of colon’!, oral cancer cell line OC2 and KB cells*’, MCE-7 cells of
breast cancer”. Barberine reduced the prostaglandin E2 production
in a dose dependent manner, due to the effect of direct inhibition of
AP-1 binding, resulting in reduction of COX-2 protein and
transcriptional suppression of COX-2%*. This influence of berberine
on activity and expression of COX-2 was due to its anti-
inflammatory potential®.

Inhibition of telomerase

Telomeres prevent degradation and aberrant recombination of DNA.
In this way telomeres maintain genome stability and cell viability.
Continuous cell growth is the hallmark of advanced malignancies
due to reactivation of telomerase®. Telomerase is a novel
therapeutic target because it is the requirement of all cancerous cells
for their immortalization including stem and tumor cells®.
Berberine is responsible for dose dependently inhibition of
telomerase activity in human nasopharyngeal carcinoma (NPC)
CNE-2 cells and HL-60 cells’”*.

Inhibition of topoisomerase

Tops are novel molecular targets for anticancer drugs. Berberine
inhibits Top-1 by stabilizing the enzyme mediated DNA cleavable
complex™.

Induction of apoptosis

Chemopreventive cancer agents might be classified as suppressing
agents that suppress the propagation and promotion of cancerous
cells or blocking agents that hamper the initiation stage, most
probably by disturbing fundamental factors which control
propagation of cells, differentiation or cell death*’. Proapoptotic
effects of barberine have been shown in many cell lines of cancer

and non-tumor cells, like HL 60", Balbb/c 3T3 cells™, HeLa and

L1210 cells, prostate cancer cells®.
Alteration of pro-apoptotic and anti-apoptotic gene expression

Studies have shown that in tumor cell lines, berberine increases Fas
protein expression dose and time dependently**. Berberine also
enhances the protein expression of proapoptotic gene p53 in vitro
and increases phosphorylation™'.

Role of reactive oxygen species (ROS)

ROS are recognized to have vast biological properties; some of them
are cell propagation, activation, cell survival and death®. Two
important ROS derived sources; lipoxygenase and xanthine
oxidase* are inhibited by berberine, signifying its anti oxidative
potential. Different experiments have concluded that berberinehas
the ability to prevent Low-density lipoprotein (LDL) oxidation
induced by Copper (CU*) and can protect cellular dysfunction®’. It
is also observed that berberine significantly enhances the superoxide
dismutase level and reduces malondialdehyde (MDA) formation*®.
There are many in vivo studies in which anti oxidative potential of
berberine has been studied**’.

Effect on mitochondria transmembrane potential, cytochrome ¢
release and caspase activation

Mitochondria release cytochrome ¢ and cause cell apoptosis which
is considered to be a pivotal step in apoptosis because this is the
main stimulus for cell death. In many tumor cell lines, for example,
SNU-5, Hep G2, carcinoma cells of human prostate*'** and liver
mitochondria isolated from rat’'; the drop or loss of mitochondrial
trans-membrane potential was observed after berberine therapy.

Effect on NF-kB activation

Berberine is responsible for inhibition of NF-kB expression induced
by different carcinogenic substances and inflammatory agents like
PMA, TNF-a, okadiac acid (OA) and condensate of cigarette
smoke. This inhibition of NF-kB results in reduced expression of
regulated gene products of NF-kB which is involved in anti-
apoptosis  (Bcl-xL, CFLIP, surviving, IAP1 and IAP2),
inflammation (COX-2), invasion (MMP-9) and proliferation (cyclin
D1)*. The possible mechanism that underlies this inhibitory process
could be different for cancerous and non-cancerous cells. In tumor
cells, mechanism responsible for NF-kB inhibition by berberine
involves activation by time dependent phosphorylation of p38
MAPK and JNK and inactivation of ERK genes.

In Vitro anticancer studies

In various cell culture studies on normal cells as well as cell lines of
multiple tumors, the anticancer activity of berberine has been
comprehensively observed. The results of these studies can be
summarized in various unique characteristics including: First, the
anticancer potentials of berberine are different in various cells. As
an example, B16 cell line of murine tumor cells was more receptive
for berberine therapy than U937 cells of human promonocytic®. In
another study it was also observed that the growth of L1210 cells of
murine leukemia in suspension was more receptive to berberine
treatment in comparison to human cervical carcinoma*’. Second,
berberine therapy has proved to be better in inhibiting propagation
of tumor cell; however, studies have also shown that along with
cytoprotective effects of berberine, it is also associated with minor
cytotoxic potentials to the normal body cells. Cytoprotective activity
of berberine against cancer cell line HepG2 of human liver has also
been investigated™. Third, for the same cell type, different
laboratories provided different ICsy values, which may be due to
different cultural conditions and detection
methods?*?>434951:52:543657 'Equrth, berberine exerts its effect slowly
and smoothly which means it usually produces its effects after 24
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our treatment’”. Fifth, moreover berberine has capability to capture
cell cycle in both tumor and non tumor cells. Berberine produces
G2/M phase arrest in non-tumorBalb/c 3T3 cells*. This observation
has also been recorded in leukemia cells of SNU-5 cell line in
gastric carcinoma®'. Berberine also has the potential to induce G1-
phase cell cycle capture in human epidermoid carcinoma A431
cells*?, human HSG-3 oral cancer cells®, murine leukemia L1210
cell lines® and T98G cells®.

In Vivo anticancer studies

Berberine exhibited significant cytoprotective activity against
sarcoma-180 ascities”>. A study has also demonstrated the
effectiveness of Berberine therapy against chemical carcinogenesis
induced by 20-Methyl-cholanthrene or N-nitrosodiethyl-amine®’.,
Some animal studies have shown that the combined therapy of
berberine with anticancer drugs (carmustine and cyclophosphamide)
is more effective in comparison to monotherapy®**®. Moreover this
synergistic effect of berberine has been reported in both in vitro and
in vivo lung cancer models when it was used in combination with
irradiation®”. In male F344 rats, berberine inhibited the formation of
colon putative pre-neoplastic lesions and azoxymethane (AOM)-
induced aberrant crypt foci (ACF). This is because berberine inhibits
COX-2 activity. Berberine administration improved the
carbohydrates bound to proteins, anti oxidative status in rats and
lipid per oxidation induced by AOM. Berberine treatment reduced
the tumor size and tumor incidence in a murine xeno graft model
implanted with tumor cell CC-4%°. In a study conducted by
Manoharan’ oral administration of berberine @ 75 mg/kg body
weight completely cured the tumor incidence in buccal pouch in
DMBA-treated hamsters. In Swiss albino mice, administration of
berberine completely prevented the skin cancer induced by
DMBA™.

Effect on tumor metastasis

Previous studies have shown that berberine drastically inhibits the
Matrix metalloproteinases (MMPs) expression of proteins and
angiogenesis in multi cellular DU-145 prostate tumor spheroids
cultures and embryoid bodies”'. Moreover berberine also reduced
TPA-induced MMP-9, UV-induced MMP-1 and basal expression
and activity in normal keratinocytes and dermal fibroblasts in
humans’>”. The decreased intracellular ROS levels might be
responsible for this MMP inhibition (free radical scavengers, like
vitamin E also exhibits same results). Inhibition of MMP-2
expression by barberine was due to regulation of the tissue inhibitor
of metalloproteinases-2 in human lung cancer A549 cells’. This
suppression of MMPs by berberine is responsible for the inhibitory
potentials on the movement and invasive capability of tumor cells to
some extent’””. SDF-1 and NM23-H1 genes are concerned with
motility and movement of tumor cells. Berberine might considerably
enhance NM23-H1 and decrease SDF-1 protein expression, which
significantly reduces the migration of leukemic stem cells’™.
Hypoxia- inducible factor (HIF)-1a and vascular endothelial growth
factor (VEGF) are two important factors that mediate tumor
angiogenesis. In a study berberine inhibited the potential of hypoxic
SC-M1 cells to potentiate the human umbilical vein endothelial cells
movement; however this inhibitory effect of berberine was due to its
regulatory effects on these two factors™.

Application in combined medication

In a study conducted by Yount”” Glioblastoma (GBM) cells were
treated with safe dose of berberine. Results of study demonstrated
that the GBM cells became more susceptible as compared to vehicle
treated control cells, however, this susceptibility was not found in
primary glial cultures of humans. To promote the death of remaining
GBM tumor cells, it is suggested that berberine should be used in
combination with postoperative radiotherapy. Another study was
conducted for determination of the synergistic activity of berberine
along with estrogen receptor antagonists. It was observed that

estrogen receptor antagonists have antitumor potential for MCF-7
cells of human breast cancer due to berberine through down
regulating expression of HER2, EGFR, COX-2 and Bcl-2 and up-
regulating of p21 and IFN-B**. These results indicate that combined
treatment of barberine should be used with other treatments in
chemotherapy of tumors.

Improvement of multidrug resistance

Chemo resistance is caused by ATP-binding cassette (ABC)-super
family efflux pumps of multidrug. Resistant protein of breast cancer
(ABCG2), MRP1 (ABCCI1) and P-glycoprotein (ABCB1) have
major role in physiology because these transporters protect tissues
from noxious xenobiotics’”®. ABCG2 acts as multidrug transporter
which is responsible for resistance in tumor cells’”. Berberine is
responsible for reduction in MCF-7 breast cancer cells as it
decreases the ABCG2 expression®’.

CONCLUSION

This review provides an evidence that berberine has anticancer
potential in both in vitro and in vivo conditions. It affects the tumor
cells by different mechanisms, while it synergistic activity of
berberine along with estrogen receptor antagonists when given in
combined medication. Berberine is also responsible for reduction of
multidrug resistance in breast cancer treatment.

REFERENCES

1. International Agency for Research on Cancer (IARC).

2.  Majeed W, Aslam B, Javed I, et al. Breast Cancer: Major Risk
Factors and Recent Developments in Treatment. Asian Pac J
Cancer Prev 2014; 15: 3353-3358. http://dx.doi.org/10.7314
/APJCP.2014.15.8.3353

3. Da Rocha A, Lopes R, Schwartsmann G. Natural products in
anticancer therapy. Curr Opin Pharmacol 2001; 1: 364-369.
http://dx.doi.org/10.1016/S1471-4892(01)00063-7

4. Prajapati PM, Solanki AS, Sen DJ. Gene therapy: a review to
treat cancer. Int Res J Pharm 2012; 3: 12-16.

5. Imamshahidi M, Hosseinzadeh H. Pharmacological and
therapeutic effects of Berberis vulgaris and its active
constituent berberine. Phytother Res 2008; 22: 999-1012.
http://dx.doi.org/10.1002/ptr.2399

6. Sun Y, Xun K, Wang Y, ef al. A systematic review of the
anticancer properties of berberine, a natural product from
Chinese herbs. Anti-Cancer Drugs 2009; 20: 757-7609.
http://dx.doi.org/10.1097/CAD.0b013e328330d95b

7.  Ferreira AC, Isomoto H, Moriyama M, et al. Helicobacter and
gastric malignancies. Helicobacter 2008; 13: 28-34. http://dx.
doi.org/10.1111/§.1523-5378.2008.00633.x

8. Farinati F, Cardin R, Cassaro M, et al. Helicobacter pylori,
inflammation, oxidative damage and gastric cancer: a
morphological, biological and molecular pathway. Eur J
Cancer Prev 2008; 17: 195-200. http://dx.doi.org/10.1097/
CEJ.0b013e3282f0bft5

9. Liang KW, Yin SC, Ting CT, ef al. Berberine inhibits platelet
derived growth factor induced growth and migration partly
through an AMP-K dependent pathway in vascular smooth
muscle cells. Eur J Pharmacol 2008; 590: 343-354.
http://dx.doi.org/10.1016/j.ejphar.2008.06.034

10. Shen G, Jeong WS, Hu R, ef al. Regulation of Nrf2 NF-kappaB
and AP-1 signalling pathways by chemopreventive agents.
Antioxid Redox Signal 2005; 7: 1642-1663. http://dx.doi.org/
10.1089/ars.2005.7.1648

11. Fukuda K, Hibiya Y, Mutoh M, et al. Inhibitin of activator
protein 1 actiyity by berberine in human hepatoma cells. Planta
Med 1999a; 65: 381-383. http://dx.doi.org/10.1055/s-2006-
960795

12. Katiyar SK, Meeran SM, Katiyar N, et al. p53 cooperates
berberine induced growth inhibition and apoptosis of non-small
cell human lung cancer cells in vitro and tumor xenograft

Page 83



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ahmad Raza et al. Int. Res. J. Pharm. 2015, 6 (2)

growth in vivo. Mol Carcinog 2009; 47: 24-37. http://dx.doi.
org/10.1002/mc.20453

Krey AK, Hahn FE. Berberine: complex with DNA. Science
1969;  166:  755-757.  http://dx.doi.org/10.1126/science
.166.3906.755

Islam MM, Suresh KG. RNA targeting by small molecule
alkaloids:studies on binding of berberine and palmatine to
polyribonucleotides and comparison to ethidium. J Mol Struct
2008; 875: 382-391. http://dx.doi.org/10.1016/j.molstruc.
2007.05.004

LiuJ, He C, Zhou K, Wang J, et al. Coptis extracts enhance the
anticancer effect of estrogen receptor antagonists on human
breast cancer cells. Biochem Biophys Res Commun 2009b;
378: 174-178. http://dx.doi.org/10.1016/1.bbrc.2008.10.169
Webber WW, Hein DW. N-acetylation pharmacogenetics.
Pharmacol Rev 1985; 37: 25-79.

Butcher NJ, Tiang J, Minchin RF. Regulation of arylamine N-
acetyltransferases. Curr Drug Metab 2008; 9: 498-504.
http://dx.doi.org/10.2174/138920008784892128

Sim E, Pinter K, Mushtaq A, et al. Arylamine N-
acetyltransferases: a pharmacogenomic approach to drug
metabolism and endogenous function. Biochem Soc Trans
2003; 31: 615-619. http://dx.doi.org/10.1042/BST0310615
Chung JG, Wu LT, Chu CB, et al. Effects of berberine on
arylamine N-acetyltransferase activity in bladder tumor cells.
Food Chem Toxicol 1999; 37: 319-326. http://dx.doi.org/
10.1016/S0278-6915(99)00016-2

Lin JG, Chung JG, Wu LT, et al. Effects of berberine on
arylamine N-acetyltransferase activity in human colon tumor
cells. Am J Chin Med 1999; 27: 265-275. http://dx.doi.org
/10.1142/50192415X99000306

Chung JG, Chen GW, Hung CF, et al. Effects of berberine on
arylamine N-acetyltransferase activity and 2-aminofluorene-
DNA adduct formation in human leukemia cells. Am J Chin
Med 2000; 28: 227-238. http://dx.doi.org/10.1142/S019241
5X00000271

Wang DY, Yeh CC, Lee JH, et al. Berberine inhibited
arylamine N-acetyltransferase activity and gene expression and
DNA adduct formation in human malignant astrocytoma
(G9T/VGH) and brain glioblastoma multiforms (GBM 8401)
cells. Nurochem Res 2002; 27: 883-889. http://dx.doi.org/
10.1023/A:1020335430016

Misra S, Hascall VC, Berger FG, et al. Hyaluronan, CD44, and
cyclooxygenase-2 in colon cancer. Connect Tissue Res 2008;
49: 219-224. http://dx.doi.org/10.1080/03008200802143356
Lin SS, Chung JG, Lin JP, et al. Berberine inhibits arylamine
N-acetyltransferase activity and gene expression in mouse
leukemia L 1210 cells. Phytomedicine 2005; 12: 351-358.
http://dx.doi.org/10.1016/j.phymed.2003.11.008

Aparicio GG, Diaz PS, Jimenez FP, et al. Cyclooxygenase-2
(COX-2): a molecular target in prostate cancer. Clin Transl
Oncol 2007; 9: 694-702. http://dx.doi.org/10.1007/s12094-007-
0126-0

Patel S, Chiplunkar S. Role of cyclooxygenase-2 in tumor
progression and immune regulation in lung cancer. Indian J
Biochem Biophys 2007; 44: 419-428.

Rundhaug JE, Fischer SM. Cyclooxygenase-2 plays a critical
role in UV-induced skin carcinogenesis. Photochem Photobiol
2008; 84: 322-329. http://dx.doi.org/10.1111/.1751-1097.
2007.00261.x

Breining M, Schirmacher P, Kern MA. Cyclooxygenase-2
(COX-2) - a therapeutic target in liver cancer? Curr Pharm Des
2007; 13: 3305-3315. http://dx.doi.org/10.2174/1381612
07782360627

Sarkar FH, Adsule S, Li Y, ef al. COX-2 inhibitors for
chemoprevention and cancer therapy. Mini Rev Med Chem
2007; 7: 599-608. http://dx.doi.org/10.2174/13895570778
0859431

Singh RG, Salhab M, Mokbel K. The role of cyclooxygenase-2
in breast cancer: review. Breast Cancer Res Treat 2008; 109:
189-198. http://dx.doi.org/10.1007/s10549-007-9641-5

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Fukuda K, Hibiya Y, Mutoh M, et a/. Inhibition by berberine of
cyclooxygenase-2 transcriptional activity in human colon
cancer cells. J Ethnopharmacol 1999b; 66: 227-233.
http://dx.doi.org/10.1016/S0378-8741(98)00162-7

Kuo CL, Chi CW, Liu TY. Modulation of apoptosis by
berberine through inhibition of cyclooxygenase-2 and Mcl-1
expression in oral cancer cells. /n Vivo 2005; 19: 247-252.

. LiuZ, Liu Q, Xu B, et al. Berberine induces p53 dependent cell

cycle arrest and apoptosis of human osteosarcoma cells by
inflicting DNA damage. Mutat Res 2009a; 662: 75-83.
http://dx.doi.org/10.1016/j.mrfmmm.2008.12.009

Kuo CL, Chi CW, Liu TY. The anti-inflammatory potential of
berberine in vitro and in vivo. Cancer Lett 2004; 203: 127-137.
http://dx.doi.org/10.1016/j.canlet.2003.09.002

Shay JW, Keith WN. Targeting telomerase for cancer
therapeutics. Br J Cancer 2008; 98: 677-683. http://dx.doi.org/
10.1038/sj.bjc.6604209

Harley CB. Telomerase and cancer therapeutitcs. Nat Rev
Cancer 2008; 8: 167-179. http://dx.doi.org/10.1038/nrc2275
Wu HL, Hsu CY, Liu WH, et al. Berberine induced apoptosis
of human leukemia HL-60 cells is associated with down
regulation of nucleophosmin/B23 and telomerase activity. Int J
Cancer 1999; 81: 923-929. http://dx.doi.org/10.1002/(SICI)
1097-0215(19990611)81:6<923::AID-1JC14>3.3.CO;2-4

Biao L, Qihou W, Jin L, ef al. Study the effect of berberine on
the telomerase activity of human nasophyrangeal carcinoma
(NPC) CNE-2. Shanxi Med J 2007; 36, 1281-1283.

Qin Y, Pang JY, Chen WH, et al. Inhibition of DNA
topoisomarase | by natural and synthetic mono- and dimeric
protoberberine alkaloids. Chem Biodivers 2007; 4: 481-487.
http://dx.doi.org/10.1002/cbdv.200790040

Kuo CL, Chou CC, Yung BY. Berberine complexes with DNA
in the berberine induced apoptosis in human leukemic HL-60
cells. Cancer Lett 1995; 93: 193-200. http://dx.doi.org/10.1016/
0304-3835(95)03809-B

Lin JP, Yang JS, Lee JH, et al. Berberine induces cell cycle
arrest and apoptosis in human gastric carcinoma SNU-5 cell
line. World J Gastroenterol 2006; 12: 21-28.

Yang IW, Chou CC, Yung BY. Dose dependent effecrs of
berberine on cell cycle pause and apoptosis in Balb/c 3T3 cells.
Naunyn Schmiedebergs Arch Pharmacol 1996; 354: 102-108.
http://dx.doi.org/10.1007/BF00178709

Mantena SK, Sharma SD, Katiyar SK. Berberine inhibits
growth, induces G1 arrest and apoptosis in human epidermoid
carcinoma AA3lcells by regulating Cdki-Cdk-cyclin cascade,
disruption of mitochondrial membrane potential and cleavage
of caspase 3 and PARP. Carcinogenesis 2006; 27: 2018-2027.
http://dx.doi.org/10.1093/carcin/bgl043

Hwang JM, Kuo HC, Tseng TH, et al. Berberine induces
apoptosis through a mitochondria/caspases pathway in human
hepatoma cells. Arch Toxicol 2006; 80: 62-73. http://dx.doi.
org/10.1007/s00204-005-0014-8

Irani K. Oxidant signaling in vascular cell growth, death and
survival: a review of the roles of reactive oxygen species in
smooth muscle and endothelial cell mitogenic and apoptotic
signaling. Circ Res 2000; 87: 179-183. http://dx.doi.org
/10.1161/01.RES.87.3.179

Kim SA, Kwon Y, Kim JH, ef al. Induction of topoisomerase
[I-mediated DNA cleavage by a photoberberine alkaloid
berberrubine. Biochemistry 1998; 37: 16316-16324. http://dx.
doi.org/10.1021/bi9810961

Hsieh YS, Kuo WH, Lin TW, et al. Protective effects of
berberine against low density lipoprotein (LDL) oxidation and
oxidized LDL-induced cytotoxicity on endothelial cells. J
Agric Food Chem 2007; 55: 10437-10445. http://dx.doi.org/
10.1021/jf071868¢c

Liu W, Liu P, Tao S, Deng Y, et al. Berberine inhibits aldose
reductase and oxidative stress in rat mesangial cells cultured
under high glucose. Arch Biochem Biophys 2008b; 475: 128-
134. http://dx.doi.org/10.1016/j.abb.2008.04.022

Page 84



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ahmad Raza et al. Int. Res. J. Pharm. 2015, 6 (2)

Hwang JM, Wang CG, Chou FP, et al. Inhibitory effect of
berberine on tert-butyl hydroperoxide-induced oxidative
damage in rat liver. Arch Toxicol 2002; 76: 664-670.
http://dx.doi.org/10.1007/s00204-002-0351-9

Yokozawa T, Ishida A, Kashiwada Y, ef al. Coptidis Rhizoma:
protective effects against peroxynitrite-induced oxidative
damage and elucidation of its active components. J Pharm
Pharmacol 2004; 56: 547-556. http://dx.doi.org/10.1211/
0022357023024

Pereira GC, Branco AF, Matos JA, et al. Mitochondrially
targeted effects of berberine [Natural yellow 18, 5, 6-dihydro-
9, 10-dimethoxybenzo (g)-1, 3-benzodioxolo (5, 6-
a)quinolizinium] on K1735-M2 mouse melanoma cells:
comparison with direct effects on isolated mitochondrial
fractions. J Pharmacol Exp Ther 2007; 323: 636-649.
http://dx.doi.org/10.1124/jpet.107.128017

Pandey MK, Sung B, Kunnumakkara AB, et al. Berberine
modifies cysteine 179 of IkappaBalpha Kinase, Suppresses
nuclear factor-KappaB-regulated antiapoptotic gene products
and potentiates apoptosis. Cancer Res 2008; 68: 5370-9.
http://dx.doi.org/10.1158/0008-5472.CAN-08-0511

Letasiova S, Jantova S, Cipak L, et al. Berberine
antiproliferative  activity in vitro and induction of
apoptosis/necrosis of U937 and B16 cells. Cancer Lett 2006;
239: 254-262. http://dx.doi.org/10.1016/j.canlet.2005.08.024
Chi CW, Chang YF, Chao TW, et al. Flowcytometric analysis
of the effect of berberine on the expression of glucocorticoid
receptors in human hepatoma HepG2 cells. Life Sci 1994; 54:
2099-2107. http://dx.doi.org/10.1016/0024-3205(94)00719-5
Lin S, Tsai SC, Lee CC, et al. Berberine inhibits HIF-1 alpha
expression via enhanced proteolysis. Mol Pharmacol 2004a;
66: 612-619.

Tan YL, Goh D, Ong ES. Investigation of differentially
expressed proteins due to inhibitory effects of berberine in
human liver cancer cell line HepG2. Mol Biosyst 2006; 2: 250-
258. http://dx.doi.org/10.1039/b517116d

Lin CC, Ng LT, Hsu FF, ef al. Cytotoxic effects of Coptis
chinensis and Epimedium sagittatum exrracts and their major
constituents (berberine, coptisine, icariin) on hepatoma and
leukemia cell growth. Clin Exp Pharmacol Physiol 2004b; 31:
65-69. http://dx.doi.org/10.1111/j.1440-1681.2004.03951.x
Creasey WA. Biochemical effects of berberine. Biochem
Pharmacol 1979; 28: 1081-1084. http://dx.doi.org/10.1016/
0006-2952(79)90308-3

Lin CC, Yang JS, Chen JT, et al. Berberine induces apoptosis
in human HSC-3 oral cancer cells via simultaneous activation
of the death receptor mediated and mitochondrial pathway.
Antcancer Res 2007; 27: 3371-3378.

Janatova S, Cipak L, Letasiova S. Berberine induces apoptosis
through a mitochondrial/ caspase pathway in human
promonocytic U937 cells. Toxicol In vitro 2007; 21: 25-31.
http://dx.doi.org/10.1016/j.tiv.2006.07.015

Eom KS, Hong JM, Youn MIJ, et al. Berberine induces GI
arrest and apoptosis in human glioblastoma T98G cells through
mitochondrial/caspases pathway. Biol Pharm Bull 2008; 31(4):
558-562. http://dx.doi.org/10.1248/bpb.31.558

Hoshi A, lkekawa T, lkeda Y, et al. Antitumor activity of
berberrubine derivatives. Gann 1976; 67: 321-325.

Anis KV, Rajeshkumar NV, Kuttan R. Inhibition of chemical
carcinogenesis by berberine in rats and mice. J Pharm
Pharmacol 2001; 53: 763-768. http://dx.doi.org/10.1211
/0022357011775901

Zhang RX, Dougherty DV, Rosenblum ML. Labotatory studies
of berberine used alone and in combination with 1, 3-bis (2-
chloroethyl)-1-nitrosourea to treat malignant brain tumors.
Chin Med J (Engl) 1990; 103: 658-665.

Anis KV, Kuttan G, Kuttan R. Role of berberine as an adjuvant
response modifier during tumor therapy in mice. Pharm
Pharmacol Commun 1999; 5: 697-700. http://dx.doi.org/
10.1211/146080899128734415

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Jagetia GC, Baliga MS. Effect of Alstonia scholaris in
enhancing the anticancer activity of berberine in the Ehrlich
ascities carcinoma bearing mice. J Med Food 2004; 7: 235-244.
http://dx.doi.org/10.1089/1096620041224094

Peng PL, Kuo WH, Tseng HC, et al. Synergistic tumor killing
effect of radiation and berberine combined treatment in lung
cancer: the contribution of autophagic cell death. Int J Radiat
Oncol Biol Phys 2008; 70: 529-42. http://dx.doi.org/10.1016/
j-1jrobp.2007.08.034

Fukutake M, Yokota S, Kawamura H, et al. Inhibitory effect of
Coptidis rhizoma and Scutellariae radix on azoxymethane-
induced aberrant crypt foci formation in rat colon. Boil Pharm
Bull 1998; 21: 814-817. http://dx.doi.org/10.1248/bpb.21.814
Ho YT, Yang JS, Lu CC, et al. Berberine inhibits human
tongue squamous carcinoma cancer tumor growth in a murine
xenograft model. Phytomedicine 2009; 16: 887-890.
http://dx.doi.org/10.1016/j.phymed.2009.02.015

Manoharan S, Muneeswaran M, Baskaren N. Chemopreventive
efficacy of berberine in 7, 12 dimethylbenz anthracene
(DMBA) induced skin carcinogenesis in Swiss albino mice. Int
J Res Pharm Sci 2010; 1: 521-529.

Wartenberg M, Budde P, De MM, et al. Inhibition of tumor
induced angiogenesis and matrix metalloproteinase expression
in confrontation cultures of embryoid bodies and tumor
spheroids by plant ingrediants used in traditional Chinese
medicine. Lab Invest 2003; 83: 87-98. http:/dx.doi.
org/10.1097/01.LAB.0000049348.51663.2F

Kim S, Chung JH. Berberine prevents UV-induced-MMP-1
and reduction of type 1 procollagen expression in human
dermal fibroblasts. Phytomedicine 2008; 15: 749-753.
http://dx.doi.org/10.1016/j.phymed.2007.11.004

Kim S, Kim Y, Kim JE, et al. Berberine inhibits TPA-induced
MMP-9 and IL-6 expression in normal human keratinocytes.
Phytomedicine  2008a; 15: 340-347.  http://dx.doi.org
/10.1016/j.phymed.2007.09.011

Peng PL, Hsieh YS, Wang CG et al. Inhibitory effect of
berberine on invasion of human lung cancer cells via decreased
productions of urokinase-plasminogen activator and matrix
metalloproteinase-2. Toxicol Appl Pharmacol 2006; 214: 8-15.
http://dx.doi.org/10.1016/j.taap.2005.11.010

Mitani N, Murakami K, Yamaura T ef al. Inhibitory effect
berberine on the mediastinal lymph node metastasis produced
by orthotopic implantation of lewis lung carcinoma. Cancer
Lett 2001; 165: 35-42. http://dx.doi.org/10.1016/S0304-
3835(00)00710-2

Liu SJ, Sun YM, Tian DF et al. Downregulated NM-23-H1
expression is associated with intracranial invasion of
nasophtrangeal carcinoma. Br J Cancer 2008a; 98: 363-369.
http://dx.doi.org/10.1038/sj.bjc.6604167

Yount G, Qian Y, Moore D et al. Berberine sensitizes human
glioma cells, but not normal glial cells, to ionizing radiation in
vitro. ] Exp Ther Oncol 2004; 4: 137-143.

Sharom FJ. ABC multidrug transporters: structure, function,
and role in chemoresistance. Pharmacogenomics 2008; 9: 105-
127. http://dx.doi.org/10.2217/14622416.9.1.105

Velamakanni S, Wei SL, Janvilisri T et al. ABCG transporters:
structure, substrate specificities and physiological roles: a brief
overview. J Bioenerg Biomembr 2007; 39: 465-471. http:/dx.
doi.org/10.1007/s10863-007-9122-x

Kim JB, Ko E, Han W et al. Berberine diminishes the side
population and ABCG?2 transporter expression in MCF-7 breast
cancer cells. Planta Med 2008b; 74: 1693-1700. http://dx.doi.
org/10.1055/s-0028-1088313

Cite this article as:
Ahmad Raza, Bilal Aslam, Muhammad Usman Naseer, Asghar Ali,

Wafa

Majeed, Shamshad-Ul-Hassan. Antitumor activity of

Berberine against breast cancer: A review. Int. Res. J. Pharm. 2015;
6(2):81-85 http://dx.doi.org/10.7897/2230-8407.06219

Page 85



