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A review on Pharmacological potential of Berberine; an
active component of Himalayan Berberis aristata
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ABSTRACT

Plants have been the basis of many traditional medicines throughout the world for thousands of years and
continue to provide new remedies to mankind. They are one of the richest sources of compounds. Berberis
aristata is one of the major plants used in Ayurveda for several remedies. It is used as a tonic, alternative,
demulscent, diaphoretic and diuretic, and in the treatment of diarrhoea, jaundice, skin diseases, syphilis,
chronic rheumatism and urinary disorders. Scientific evidence suggests its versatile biological functions that
support its traditional use in the orient. Phytochemical studies shows that plant Berberis aristata contains
mainly yellow colored alkaloids Berberine, oxyberberine, berbamine, aromoline, a protoberberine alkaloid
karachine, palmatine, oxycanthine and taxilamine and tannins, sugar, starch. Among the several compounds
Berberine is main constitute having various pharmacological actions. It is, a benzylisoquinoline alkaloid,
occurs as an active constituent in numerous medicinal plants and has an array of pharmacological properties. It
has been used in Ayurvedic and Chinese medicine for its antimicrobial, antiprotozoal, antidiarrheal and
antitrachoma activity. Moreover, several clinical and preclinical studies demonstrate ameliorative effect of
berberine against several disorders including metabolic, neurological and cardiological problems. This review
provides a summary regarding the pharmacokinetic and pharmacodynamic features of berberine, with a focus
on the different mechanisms underlying its multispectrum activity..
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INTRODUCTION

Berberine is a plant alkaloid with a long history of medicinal use in both Ayurvedic and Chinese
medicine.lt is present in Hydrastis Canadensis (goldenseal), Coptis chinensis (Coptis or goldenthread),
Berberis aquifolium (Oregon grape), Berberis vulgaris (barberry), and Berberis aristata (tree turmeric).
The berberine alkaloid can be found in the roots, rhizomes, and stem bark of the plants. Berberine
extracts and decoctions have demonstrated significant antimicrobial activity against a variety of
organisms including bacteria, viruses, fungi, protozoans, helminths, and chlamydia. In China, berberine
is an overthe-counter drug for the treatment of bacterial diarrhea. In 1988, the hypoglycemic effect of
berberine was firstly reported when berberine was prescribed to treat diarrhea in diabetic patients.
Moreover, several clinical and preclinical studies demonstrate ameliorative effect of berberine against
several disorders including metabolic, neurological and cardiological problems. This review provides a
summary regarding the pharmacokinetic and pharmacodynamic features of berberine, with a focus on
the different mechanisms underlying its multispectrum activity.However, numerous literatures had been
published by various authors exploring the phytochemical and pharmaceutical aspects along with
traditional uses yet there is no much more literature concerning so far the importance of Berberine,
which is important constituent of this species.

Ayurveda is a traditional system of medicine using a wide range of modalities to create health and well
being. The primary aim of Ayurveda health care is to restore the physical, mental and emotional balance
in patients, thereby improving health, preventing disease and treating any current illness. The number of
patients seeking alternate and herbal therapy is growing exponentially. Herbal medicines are now in
great demand in the developing world for primary healthcare not because they are inexpensive but also
for better cultural acceptability, better compatibility with the human body and minimal side effects.
Herbal medicine is still the mainstay of about 75-80% of the world population, mainly in the developing
countries for primary healthcare?. However among the estimated 250,000-400,000 plant species, only
6% have been studied for biological activity, and about 15% have been investigated phyto-chemically.
Therefore, it seems necessary to evaluate the herbs properly. Berberis aristata DC. (Berberidaceae) is
one of the herbs mentioned in all ancient scriptures of Ayurveda, Charaka and
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Susruta have mentioned it’s different properties along with various
used for the treatment of numerous illnesses®. The genus
Berberisrepresents the around 12 genera and 600 species worldwide
and about 77 species have been reported fromindia®. In Indian
Himalayan ecosystem most of the species have reported from Nilgiri
hills at an altitude of 1,000-3,000 mASL®. Among the various species
of Berberis genus Berberi aristata DC is one of the most important
species due to its wide medicinal properties and its occurrence has
reported from sub-tropical areas (1800-3000 m ASL) of the mountain
state of Uttarakhand and Himachal Pradesh®. It is used invarious crude
drug formulations and in different ayurvedic and homeopathic
medicines since ancient times®.

It is erect spinous shrub, which is hard, yellowish useable part
commonly used in Indian medicine system. The fruits of the species
are eaten by inhabitants for curing various diseases. The whole plant
is also a good source of dye and tannin which is used for dyeing
clothes and for tanning leather®. Berberine is main constitute having
various pharmacological actions. It isa benzylisoquinoline alkaloid,
occurs as an active constituent in numerous medicinal plants and has
an array of pharmacological properties. It has been used in Ayurvedic
and Chinese medicine for its antimicrobial, antiprotozoal,
antidiarrheal and antitrachoma activity. Therefore, in this reviewed
article is introduced with the focus of its important ingredient
berberine.

Phyto-chemical Examination Study

The plant contains barberine, oxyberberine, berbamine, aromoline,
karachine, palmatine, oxyacanthine and taxilamine Berberis aristata
contains protoberberine and bis isoquinoline type of alkaloid™. Root
of plant Berberis aristata contains alkaloids which are berbamine,
Berberine, oxycanthine, epiberberine, palmatine, dehydrocaroline,
jatrorhizine, karachine dihyrokarachine, taximaline, oxyberberine,
aromoline and columbamine®*®®. Four alkaloids, pakistanine, 1-O
methyl pakistanine, pseudopalmatine chloride and pseudoberberine
chloride were also isolated from Berberis aristata'®’. A
secobisbenzlisoquinoline or simple isoquinoline alkaloid was isolated
from Berberis aristata. The major alkaloid found in Berberis aristata
is Berberine having yield of 2.23% followed by palamatine®°.

Almost all the parts of different Berberis species plants have been
explored by various research groups forgetting information on chemo-
taxonomical identification, variability studies among the same or
differentplants or species and isolation and identification of various
medicinally important chemical constituentsfrom this genus.
Although, the constituents reported from stem and roots of the plants
were found almost same however, variability has been reported in the
chemical constituents of leaves?®. Various alkaloids, terpenoids,
flavanoids, sterols, anthocyanins, lignans, vitamins, proteins, lipids
and carotenoids have been isolated and characterized from different
Berberis species plants. A numbers of alkaloids have been isolated
and identified over the last 60 years across the globe from different
Berberis species??. The chemical constituents isolated from the
plants belonging to genus Berberis during the last two decades (Year
1991-2012). Alkaloids are the main bioactive chemical constituents
of Berberis species reported by different researchers. Major alkaloids
reported from various Berberis species are berberine, berbamine,
palmatine, columbamine, jatrorrhizine, oxyacanthine®®?. The
berberine and berbamine are the most biologically active compounds
widely distributed in almost all Berberis species®®?%. Fourteen
isoquinoline alkaloids of aporphine, proaporphine, protoberberine,

protopine, benzylisoquinoline, proaporphine-benzyliso-quinoline and
simple isoquinoline have been reported from B. sibirica Pall.
Pronuciferine N-oxide (1), aproaporphine N-methyl-N-oxide alkaloid
are isolated from B. coletioides Lechl and identified a new
isbenzyltetrahydroisoquinoline alkaloid from B. tabiensis®%. An
isoquinoline alkaloid pachycanthine was isolated from the methanolic
extract of whole plant of B. pachyacantha Koehne®. Isolation of
lignans from the stem and leaves of plants belonging to genus
Berberis has also been reported®. Eight phenolic constituents
including six lignans, hanultarin, (-)-secoisolariciresinol, (?)-
lyoniresinol (?)-syringaresinol, syringaresinol-O-Dglucopyranoside,
liriodendrin, and two  phenylpropanoids,  4-glucosyloxy-3-
methoxyphenyl trans-propenoic ethyl ester, transferulic acid are
reported from the roots of B. amurensis Rupr®. Recently steroid,
itesmol 3-O-palmitine has also been isolated from the methanol
extract of trunk of B. koreana Palib®. Although, most of the
phytochemical studies are reported from stem, stem bark, root and
root bark of Berberis plant however, there are also reports of
characterization of phytochemicals from other parts like leaves, fruits
and flowers. Phenolic bases are isolated from leaves of B. integerrima
Bunge®. Various polyphenolic flavonoids like (E) caffeic acid,
quercetin, chlorogenic acid; meratin and rutin are reported from the
flower extract of B. aristata DC*. Chemical constituents present in
the fruits of Berberis have nutraceutical potential and provide health
benefits. Recognizing their potential, many research groups in India
are now exploring the phytochemical and pharmacological potential
of fruits of different Indian species. Fruits of B. lycium Royle
(Kasmal) are a good source of various nutrients like anthocyanin, b-
carotene, and ascorbic acid and minerals®’. Studies done on the five
Berberis species of West Himalaya of India showed that the fruits
contained high content of fiber (pulp 7.0-8.1 %; seeds 4.4-5.3 %),
protein (pulp 4.7-7.2 %; seeds 5.9-8.5 %) and fat (pulp 2.6-4.0
9%;seeds 4.6-5.3 %) and a good source of minerals, especially Ca and
K. However, they have lower food energy and anti-nutritional
factors like tannins and phytic acid. Hence, care should be taken while
selecting these fruits for value addition as health food. Many of
antioxidants xanthophyll, phenol, caroteneare presence in the fruits
and roots of B. asiatica Roxb®. Five aglycones and ten anthocyanins
viz. petunidin-3-glucoside, delphinidin-3- glucoside, malvidin-3-
glucoside, cyanidin-3-glucoside, petunidin-3-rutinoside, malvidin-3-
rutinoside, cyanidin-3-rutinoside, delphinidin-3-rutinoside, peonidin-
3-glucoside, and peonidin-3-Rutinoside are isolated and identified
from the fruits of B. boliviana Lechl, a species native to the Pervian
Andes®. Phenolic compounds rutin and chlogenic acid are also
present in the leaves and fruits of B. crataegina DC. Rutin and
apigenin 7-O-glucoside were more in fruits whereas, leaves contain
more malic acid and citric acid*".

Berberine is reported as the major active constituent in almost all
Berberis species. Although it has been reported unanimously by all
the research groups that maximum berberine content is accumulated
in root part (1.6-4.3 %) in most of the Berberis species and low
altitude plants contain more berberine in comparison to higher altitude
plants***4, But, no consistency could be established in the results with
respect to species and season***’. Higher berberine content in B.
asiatica Roxb (4.3 %) in comparison to B. lycium Royle (4.0 %)
andB. aristata DC (3.8 %) whereas another researcher reported higher
content in B. aristata DC (2.8 %) in comparison to B. asiatica Roxb
(2.4 %)% Maximum yield of berberine in the roots (2.76 %) and
stem bark (1.76 %) of B. pseudumbellata Parker harvested in summer
season contrary to this higher berberine content (1.86 %) was reported
in the winter samples in the roots of B. aristata DC. These variations
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may be due to the difference in the species of the plants, location or
the analytical techniques used for the analysis.

Structural Activity Relationship (SAR) of Berberine

Importantlyitcontains a quaternary base Berberine [Natural Yellow
18, 5,6-dihydro-9,10-dimethoxybenzo(g)-1,3-benzodioxolo (5,6-a)
quinolizinium], a benzyl tetra isoquinoline plant alkaloid present in
the roots and bark (figure 1), which is also commercially available as
various salts such as berberine chloride and hemisulfate®.

Figure 1: Chemical Structure of Berberine

Berberine the main bioactive component present in the plant is known
as an AMP-activated protein kinase (AMPK) activator. It is insulin-
independent hypoglycaemic. Its effect is related to inhibition of
mitochondrial function, stimulation of glycolysis and activation of
AMPK pathway and also prevents DNA replication®. Carbonyl
moiety plays a key role in the activity of these compounds and partial
reduction of the carbonyl moiety led to inactive dihydroonycine.
Modification of the 4-methyl group to a chloromethyl moiety
enhanced as well as broadened the antifungal profile of
azafluorenones®.Substitution at the 8-position in
pseudoprotoberberine, especially an n-decyl, could significantly
enhance the anti-TB activity. We consider 8-n-decylberberines to be a
novel family of anti-tubercular agents with an advantage of inhibiting
MDR strains of M. Tuberculosis®.

Pharmacokinetics and Pharmacodynemics of Berberine

The plant also contains a number of importantphytochemicals, which
are alkaloids (proto-berberine, isoquinoline, bisbenzyl-isoquinoline),
flavonoids and phenolic acids. It is also important source of folklore
medicine system in India®. Among several chemical constitutes
present in the plant, the alkaloid berberine is the main bio-active
component in the plant, which has property to lower blood glucose
leveleffectively —as  the  recommended  drugmetformin®,
Berberisaristata, contains active principle(s) that cause(s) a selective
inotropic effect, involving—in the form of the modulatory effect on
actin myosin cooperatively—a novel mechanism of action®.
Berberine metabolized in the liver by cytochrome P450, suffering
phase | metabolism and selectively accumulated by mitochondria on
K1735-M2 melanoma cells, arresting cell proliferation, causing
mitochondrial fragmentation, depolarization, oxidative stress and a
decrease in ATP levels®. It inhibits the mitochondrial respiration and
a decrease on calcium loading capacity through induction of the
mitochondrial permeability transition (MPT)®. It also inhabit the
cholinesterase (ChE) activity and increase glucagon like peptide
(GLP1) release and break down the memory molecule acetylcholine, a
neurotransmitter that is crucial for the important memory activities of
focus and concentration®. It has strong potential to regulate glucose
homeostasis through decreased gluconeogenesis and oxidative stress
and theroot extract (250 mg/kg) reduced lipid peroxidation (41.6%)

and protein carbonylation (30.15%), and it also increased the
glucokinase and glucose-6-phosphate dehydrogenase activities and
decreased glucose-6-phosphatase activity, which play a critical role in
glucose homeostasis®.

The methanolic extract at the dose of 500 mg/kg (198.2 to 89.7),
which was compare to standard anti-diabetic drug Glibenclamide at
0.25 mg/kg dose (201.3 to 102.5)%°. LD50 of >5000 mg/kg body
weight was observed for both ethanolic and aqueous extracts of B.
aristata in the acute oral toxicity®’.

Mode of Action (MoA) of Berberine

Berberine activated the adenosine monophosphate activated protein
kinase (AMPK) and improvement of insulin sensitivity and the
mechanism of action of berberine may be associated with promoting
regeneration and functional recovery of p-cells®®. The effect of AMPK
activation is stimulation of hepatic fatty acid oxidation and
ketogenesis, inhibition of cholesterol synthesis, lipogenesis (the
formation of fat), triglyceride synthesis, inhibition of adipocyte
lipolysis, stimulation of skeletal muscle fatty acid oxidation, muscle
glucose uptake and modulation of insulin secretion by pancreatic beta
cells®*% Phosphorylationof Thr-172 within the catalytic domain of o
subunit (AMPKa) is necessary for AMPK activity. Various studies
demonstrate that berberine is a strong inducer for Thr-172
phosphorylation of AMPK. Liver kinase Bl (LKB1) and Ca2=
calmodulin-dependent kinase Il (CaMKK II) are two major upstream
kinases for AMPK activation. Berberine may activate AMPK through
increasing AMP/ATP ratio, which is mediated by inhibition of ATP
biosynthesis in mitochondria®.

Ethno-pharmacology

B. aristata DC, the official species of Ayurvedic Pharmacopeia of
India has a niche over reported pharmacological and clinical uses.
Attention has been paid to the antioxidant and anti-inflammatory
activity of natural products and compounds isolated from natural
products which are often characterized by high efficacy and low
adverse effects. Berberine is an isoquinoline alkaloid, widely present
in different medicinal herbs, especially in the genus Berberis. It is
mainly used as antidiarrhoeal, antibacterial, antifungal, and
antiprotozoal agent. However, current research has also highlighted on
its beneficial role in neurodegenerative diseases, mainly due to its
powerful antioxidant effect. The therapeutic potential of Berberine in
different neurodegenerative diseases such as Alzheimer, Parkinson
and Huntington disease has been brought to evidence by numerous
studies®”. According to Ayurvedic pharmacopeia of India Berberis
aristata DC is also used in diabetes. Diabetes mellitus is one of the
most common chronic diseases and is associated with hyperlipidemia
and co-morbidities such as obesity and hypertension. In order to
establish scientific facts for the utility of this plant in the treatment of
diabetes, the hypoglycemic activityDiabetes mellitus study revealed
that it is a heterogeneous metabolic disorder old as mankind and its
incidence considered to be high (4-5%) all over world. The use of
medicinal plants for the treatment of diabetes mellitus dates back from
the Ebers papyrus of about 1550 B.C. A multitude of herbs spices and
other plant materials have been described for the treatment of diabetes
throughout the world. The medicinal plants might provide a useful
source of new oral hypoglycemic compounds for development of
pharmaceutical entities or as a dietary adjunct to existing therapies.
Few of theplants used for the treatment of diabetes have received
scientific or medicinal scrutiny and even the WHO expert committee
on diabetesrecommends that this area warrant further attention.
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Previous studies suggested that hyperglycemia and hyperlipidemia are
the common characteristics of streptozotocin induced diabetes
mellitus®®%°, The maximum reduction in serum glucose levels was
seen in methanolic extract of Berberis aristata DC at the dose of 500
mg/kg. Hence the methanolic extract of Berberis aristata DC had a
beneficial effect on carbohydrate metabolism in diabetic condition.

A women’s university in India, Shri Padmavathi Mabhila
Viswavidyalayam Tirupati, conducted a study to evaluate the
effectiveness of ayurvedic medicine. They designed a study to provide
scientific evidence for the use of Berberis aristata in the treatment of
urinary troubles caused as a side effect of the anti-cancer
chemotherapy drug, cisplatin. Cisplatin is known to cause
nephrotoxicity which is a renal disease or dysfunction. In conclusion,
the researchers found that the side effects of cisplatin were reversed
by the antioxidant properties of the decoction of root bark of Berberis
aristata™®. Other research universities in India also studied the
medicinal properties of Berberis aristata along with effects of
berberine as active componentin various studies of the anti-diabetic
activity of the plant, diabetic rats treated with the ethanol extract of
the roots showed a significant reduction of serum glucose level,
however, it also showed a significant increase in the level of HDL
cholesterol. Additional research must be conducted to determine if
thehypolipidemic properties of the plant could serve as a protective
mechanism  against the  development of atherosclerosis
(Atherosclerosis; also known as arteriosclerotic vascular disease or
ASVD) is a specific form of arteriosclerosis in which an arterywall
thickens as a result of invasion and accumulation of white blood cells
(WBCs)), which is usually associated with diabetes™.

Tincture of the root is found to be better than quinine and cinchona as
it does not cause cardiac depression in the treatment of intermittent
fever and powdered root mixed with butter is used for the treatment of
bleeding piles’. Its ripe fruits are used as a mild laxative for children
and exhibits hypochlolestrolemic activity”. The leaves forpreventing

Table 2: Ethno-pharmacological activities of the different of B. Aristata

acetaminophen-induced liver damage and most important clinical use
includes treatment of diarrhea due to bacterial, fungal, viral and
protozoal infection™. Increased levels of calcium and phosphorus in
serum and significant decreased in urine are due to the use
ofBerberisaristata aqueous-methanol extract, which possess the
potent antiosteoporosis activity and substantiates the ethnic use in
treatment of postmenopausal osteoporosis™’®. It also has property to
reduce serum cholesterol, triglycerides and low density lipoprotein
levels and moreover, there is an increase in thrombin and fibrinogen
time””.

The traditional Indian and Chinese medicine systems revealed that
almost every part of the plant has some significant medicinal value. Its
roots, stem, bark, leaves, rhizomes and fruits are used in many
classical ayurvedic preparations like Rasaut, Darvyadikvatha,
Darvyadileha, Darvyaditaila, Rasanjana, Dasangalepa and in
formulations for eye care, wounds, skin diseases, jaundice,
rheumatism and diabetes”. Traditionally a popular medicine
Rasaut,prepared from the root of this plant for eye disorders™ and also
mixed with honey is useful in the treatment of aphthous sores
abrasions and ulcerations of the skin®. Different extracts of B.
Aristata have remarkable antibacterial and antifungal potentials
against clinical and standard strains, thus could be used to derive
antimicrobial agents especially against V. cholerae, Staphylococcus,
Candida and Aspergillus species®. The antimicrobial (minimum
inhibitory  concentration (MIC)) and minimum actericidal
concentration (MBC)against all strains of Shigellain both ethanolic
and aqueous extract are between 125 to 500 pg/mL and 300 to 600
ng/mL, respectively and MIC& MBC values of berberine are almost
comparable to standard ciprofloxacin®. Its methanolic extract is
confirmed to be a potential anticancer herb against colon cancer due
to its COX-II inhibitory property on proliferation of human colon
cancer cell line (HT29)®2. The decoction of root bark of
Berberisaristata use in the treatment of urinary troubles caused as a
side effect of the anti-cancer chemotherapy drug, cisplatin®,

Part of the Plant Ethno-pharmacological/clinical application References
Fruits Preventive and curative effects on paracetamol 84
and CCl4 induced hepatotoxicity
Root Anti-platelet activating factor activity 85
Stem, root bark and wood Protection against ethanol-induced mitochondrial damage 86
Fruit extract Inotropic effect 87
Root Antihyperglycemic and antioxidant effect 59
Root bark Scientific evidence for the folklore use of B. Aristata DC in 83
urinary troubles.
Stem bark Blood glucose lowering potential 88
Root Anti-diabetic activity 89
Bark Anti-diarrheal activity 61
Stem Hypoglycemic and hypolipidemic activity 60
Root Anti-osteoporotic activity in ovariectomized rats 75
Leaves and Broad spectrum antimicrobial activity for the treatment of ear 90
Root infections.
Root Potentiation of thiopentone sodium induced hypnosis in rodents 91
Stem bark Hypoglycemic activity of aqueous extract in STZ-induced rats 67
Leaves Used in hepatobililary 92

Disorders
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Different types of oral hypoglycemicagents are available along with
insulin for thetreatment of diabetes mellitus but their long-termuse
produces undesirable side effects such as skinrashes, transient
leucopenia, thrombocytopenia, severe hypoglycemia, and increase
chances of cardiovascular death of unknown mechanism. The ethanol
extract of root of B. aristata 71.42and 100 mg/kg body weight showed
a significant (P<0.01) reduction of serum glucose level in alloxan
induced diabetic rats at 15"day as compared to diabetic control group.
Cholesterol and triglycerides level were increased very significantly
(P<0.01), in diabeticanimal when compared with normal control
group. The level of cholesterol and triglycerides reduced very
significantly (P<0.01), when compared with diabetic control group.
The level of HDL cholesterol was significantly (P<0.05) increased in
the extract treated group when compared to diabetic control group. In
oral glucose tolerance test ethanol extract of B. aristata increase the
glucose tolerance. It is concluded that the ethanol extract of B.
aristata possess anti-diabetic activity in alloxan induced diabetic rats.
The ethanol extractof B. aristata is very promising to develop
standardized phytomedicine for diabetes mellitus. B. aristataroots
showed a significant reduction of serum glucose level, however, it
also showed a significant increase in the level of HDL cholesterol and
it is very promising to develop standardized phytomedicine for
diabetes mellitus®.The various ethno-pharmacological activities of
different parts of B. aristata are in Table 1.

CONCLUSION

Berberis aristata is commonly found throughout India. Review of
litratures has revealed that Berberine as active component its use in
antimicrobial, hepatoprotective, immunomodulatory, and anti-
depressant. However not much information is there to prove this plant
for anti-neoplastic, anti-fertility, anti-leprotic etc. therefore further
studies may be carried out to prove the potential of this plant. The
plant is becoming the endangered species now so more work can be
done on agricultural and climatic conditions to grow this plant. The
translational potential and clues to possible novel bioactivities and
novel targets yet to be discovered with this amazing plant species can
be gauged from the period. It can be poteintial source for future drug
discovery and drug development.
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