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ABSTRACT 

Berberis aristata DC., commonly known as Indian barberry or Daruharidra, belongs to 

the Berberidaceae family. The plant root is well-known Ayurvedic medicine for 

diabetes, eye problems, skin disorders, and urinary tract diseases. The plant contains 

a variety of alkaloids including berberine, oxyberberine, berbamine, aromoline, 

karachine, palmatine, oxycanthine and taxilamine. The plant is reported to have 

hypoglycemic, antimicrobial, antipyretic, anti-inflammatory, hepatoprotective, 

antioxidant, anticancer and antiplatelet activities in different experimental models. In 

the present study, berberine was isolated in the form of its chloride salt from the roots 

of B. aristata. The molecule was characterised by a detailed spectral analysis including 

two-dimensional NMR studies. The molecule was also reviewed for its pharmacological 

relevance together with the possible mode of action. 

 

© 2018 Global SciTech Ocean Publishing Co. All rights reserved. 

 

 

INTRODUCTION  

 

Berberis aristata DC. (Berberidaceae) is popularly 

known as Daruharidra in Ayurveda. It is an erect 

spiny shrub of 2-3 m tall (Fig. 1). The outside bark 

is yellow to brown and inside bark is deep yellow 

which is covered with three-branched thorns or 

modified leaves. The leaves are arranged in tufts of 

5-8 and are approximately 5 cm long and 2 cm 

broad. These are deep green on the dorsal surface 

and light green on the ventral surface, simple with 

pinnate venation, leathery in texture and are 

toothed, with many small indentations along the 

margin of the leaf. The flowers are yellow, 

complete and hermaphroditic with an average 

diameter of 12.5 mm. These form a racemose 

inflorescence, with 11-16 flowers per raceme, 

arranged along a central stem. These are 

polysepalous (3 large and 3 small sepals) and 

polypetalous (6 petals). The flowers usually bloom 

during March-April. B. aristata produces bunches of 

succulent, acidic, edible berries of bright red 

colour. The berries are approximately 7 mm long, 4 

mm in diameter with an approximate weight of 200 

mg, and ripening during May-June (Parmar and 

Kaushal, 1982). The fruits are juicy and contain 

plenty of sugars, vitamin C and other useful 

nutrients. In Ayurveda, the plant is used for 

diabetes, wound healing, swelling, piles, pimples, 

boils, ulcers, sores, eye disorders, leucorrhoea, 

anorexia, dysentery, hepatitis, liver disorders, 

cough, blood purification, jaundice, obesity and 

fever. The roots of the plant are also used for 

making an alcoholic drink as well as a yellow fabric 

dye (Semwal et al., 2012). Rasaut is a popular 

Ayurvedic preparation of this plant used for eye 

disease, skin disorders, and indolent ulcers 

(Srivastava and Rawat, 2013).  

Preliminary phytochemical screening of the 

root revealed the presence of alkaloids, flavonoids, 

saponins, steroids, terpenoids and tannins. The 

alkaloids are major constituents of the plant which 

include berberine, palmatine, berbamine, 
oxyberberine, oxycanthine, karachine, aromoline, 

epiberberine, dihyrokarachine, dehydrocaroline, 

jatrorrhizine, columbamine, taximaline, pakista-

nine, 1-O-methylpakistanine, pseudopalmatine and 

pseudoberberine (Mokhber-Dezfuli et al., 2014). 
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Fig. 1. Berberis aristata in its natural habitat 

 

Various parts of the plant have been evaluated 

for a variety of pharmacological activities. The 

plant showed antimicrobial, CNS depressant, 

anticancer, immunomodulatory, hepatoprotective, 

anti-inflammatory, antipsoriatic, antimalarial and 

antidiabetic activities in various experimental 

models (Singh and Kakkar, 2009; Chandel et al., 

2015).    
Berberine (Fig. 2), a quaternary ammonium 

alkaloid of benzylisoquinoline class is found mainly 

in Berberis aristata and Berberis vulgaris. It is widely 

used in Asian countries as a traditional medicine to 

treat intestinal infections, diabetes and UTI (Liu et 

al., 2012). It was found to exhibit antimicrobial, 

antidiabetic, antiobesity, hypotensive, hypo-

lipidemic, antiinflammatory and anti-carcinogenic 

activities (Tabeshpour et al., 2017).  
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Fig. 2. Chemical structure of berberine  

 

A biosynthesis for the berberine is depicted in 

Scheme 1 in which reticuline is the immediate 

precursor of berberine in plants (Dewick, 2009). 

Berberine is derived from tyrosine, and L-DOPA 

and 4-hydroxypyruvic acid both come from L-

tyrosine. Although two tyrosine molecules are used 

in the biosynthetic pathway, only the 

phenylethylamine fragment of the tetrahydro-

isoquinoline ring system is formed via DOPA, the 

remaining carbon atoms come from tyrosine via 4-

hydroxyphenylacetaldehyde. L-DOPA loses CO2 to 

form dopamine. 4-Hydroxypyruvic acid by losing 

CO2 to form 4-hydroxyphenylacetaldehyde. 

Dopamine then reacts with 4-hydroxyphenyl-

acetaldehyde to form (S)-norcolaurine which 

formed (S)-reticuline after oxidation and 

methylation by S-adenosyl methionine. Oxidation 

of the tertiary amine then occurs and an iminium 

ion is formed which convert to (S)-scoulerine after 

keto-enol tautomerism and after methylated by S-

adenosyl methionine, it forms (S)-tetrahydro-

columbamine. The (S)-canadine is then formed via 

an O2
-, NADPH- and cytochrome P-450-dependent 

enzyme which ultimately forms berberine after 

oxidation. In the present work, we isolated 

berberine from the roots of B. aristata and 

described its structure with the help of detailed 

spectral analysis.      

 

 
 

Scheme 1. Biosynthesis of berberine  

  

MATERIALS AND METHODS 

 

General 

 

NMR spectra were scanned on a Bruker Avance, 

auto sampler (400 MHz for 1H & 100 MHz for 13C in 

MeOH, with TMS as an internal standard. MS was 

obtained on a LC-MS, Finnigan Mat, LCQ (n = 9 

with APCI/ESI Probe). Separation was done 

through silica gel column (Merck, India, 60–120 

mesh); TLC used was aluminium-backed, 

precoated with silica gel (Merck, India). The 

spraying reagent 7% H2SO4 followed by heating 

was used to visualising the spots. 

 
Plant material 

 

Fresh roots of B. aristata were collected Village 

Chaka, Near Chandravadani Temple, Uttarakhand 

(India), during September 2012. The plant material 

was authenticated by Botany Department, Panjab 
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University, Chandigarh and a voucher specimen 

(17919) was deposited in the departmental 

herbarium. 

 
Extraction and isolation 

 

Shade-dried and powder roots (500 g) were 

extracted thrice with methanol (500 mL) for 12 h at 

room temperature. The solvent was evaporated up 

to dryness in a rota-evaporator with the maintained 

temperature at 40 °C to yield black-brown extract 

(50 g). The extract was pretreated with silica gel of 

equal ratio and applied on the top of a silica gel 

packed column. The column was first eluted with 

chloroform followed by increasing volume of 

methanol by 5%. An elution of chloroform: 

methanol (9:1) furnished a methanol soluble yellow 

powder. 

 
Spectral analysis 

 

The NMR and MS studies were carried out at the 

National Institute of Pharmaceutical Education and 

Research, Mohali, Punjab (India). The deuterated 

methanol (CD3OD) was used as a solvent for NMR 

spectral analysis. The NMR and mass spectra are 

given in Fig. 3-6. 

 

 
 

Fig. 3. Mass spectrum of berberine 

 

 
 

Fig. 4. DEPT (135) spectrum of berberine 
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Fig. 5. HMBC spectrum of berberine 

 

 
 

Fig. 6. NOESY spectrum of berberine 
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RESULTS AND DISCUSSION 

 
Characterisation of berberine  

 

The alkaloidal nature of berberine was determined 

with the help of Dragendorff and Wagner's 

reagents. Its melting point was measured to be 145 

°C. Co-TLC of the compound with a market sample 

of berberine showed similar Rf value. The molar 

mass of the compound was found to 336 

(C20H18NO4
+) from a m/z value 336.15 (base peak) 

in its mass spectrum. Other intense peaks at 322 

and 278 found in the MS were due to the loss of one 

CH2 and two OCH3 fragments respectively from 

m/z 336.  

 The 1H NMR showed the signals at δ 7.6 (H-1), 

7.0 (H-4), 3.2 (H-5), 4.9 (H-6), 9.8 (H-8), 8.0 (H-11), 

8.1 (H-12), 6.1 (H-13), 8.7 (H-14), 4.2 (H-15) and 4.1 

(H-16) ppm. The 13C NMR exhibited signals at 121 

(C-1), 132 (1a), 139 (C-2, -3), 122 (C-4), 128 (4a), 24 

(C-5), 56 (C-6), 149 (C-8), 136 (C-8a), 146 (C-9), 

147 (C-10), 109 (C-11), 123 (C-12), 124 (C-12a), 106 

(C-13), 153 (C-13a), 103 (C-14), 162 (C-15) and 157 

(C-16) ppm. The Distortionless Enhancement by 

Polarization Transfer (DEPT) spectra corroborated 

the presence of two primary, three secondary, six 

tertiary and nine quaternary carbons. Selected 

Correlation Spectroscopy (COSY), Heteronuclear 

Multiple Bond Correlation (HMBC) and Nuclear 

Overhauser Effect Spectroscopy (NOESY) 

correlations are shown in Fig. 7.  
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Fig. 7. Selected NOESY, HMBC and COSY 

correlations in berberine  

 
Pharmacological relevance   

 

Berberine has been found to exhibit activities 

against cancer, diabetes, cardiovascular disease, 

hyperlipidemia, inflammation, bacterial and viral 

infections, cerebral ischemia trauma, mental 

disease, Alzheimer disease and osteoporosis 

(Imenshahidi et al., 2016). Few selected 

pharmacological activities of berberine are shown 

below in following heads. 

 

Anticancer activity 

 

Berberine was found to serve as chemotherapy for 

the treatment of thyroid carcinoma and inhibit a 

wide range of proliferation of carcinoma cells 

(C643, OCUT1 and TPC1) along with the induction 

of mitochondrial apoptosis, G0/G1 cell cycle arrest 

and inhibitive migration whereas the normal 

human thyroid cells Htori3 were found less 

sensitivity to the cytotoxicity of berberine (Li et al., 

2017). In colorectal carcinogenesis, berberine 

showed a reduction in the tumour of mice by 60%. 

The study revealed that it shows anti-proliferation 

activity by decreasing the azoxymethane initiated 

and dextran sulfate sodium-induced Ki-67 and 

COX-2 expression. It induces apoptosis in 

colorectal cancer cell lines and suppresses colon 

epithelial proliferation and tumorigenesis via 

AMPK dependent inhibition of mTOR activity. 

Berberine downregulated the downstream targets 

of mTOR 4E-binding protein-1 and p70 ribosomal 

S6 kinases and AMPK independent inhibition of NF-

kB. It activated AMPK, inhibited mTOR and p65 

phosphorylation and activated caspase-3 cleavage 

(Li et al., 2015). 

 

Antidiabetic, antiobesity and antilipidemic activities 

 

Therapeutically, berberine is recommended for the 

treatment of atherosclerosis and decreases 

metabolic endotoxemia in HFD- mice, tissue 

inflammation and restores gut barrier micthe 

robiota by increasing the intestinal expression of 

tight junction proteins and the thickness of the 

colonic mucus layer. Besides, it lowers arterial and 

intestinal expression of pro-inflammatory cytokines 

and chemokines (Zhu et al., 2018). It was found 

effective in metabolic syndrome associated with a 

high cardiovascular disease comprising 

dyslipidemia, obesity, high blood pressure and 

high blood glucose (Tabeshpour et al., 2017).  

It lowers the cholesterol level, uric acid level, 

sanitising effects against insulin and hypoglycemic 

effect. In association with silymarin, it impran oves 

intestinal absorption and also found clinically 

effective for obese people with type 2 diabetes 

(Guarino et al., 2017). Via a post-transcriptional 

mechanism, it reduced the serum cholesterol, 

triglycerides and LDL-cholesterol of 

hypercholesterolemic patients and high-fat diet fed 

animals, and also increased hepatic LDLR mRNA 

and protein levels. The hypoglycemic action of 

insulin was found to enhance by berberine in 

diabetic animals. It works on multiple molecular 

targets as an inhibitor of α transcription activity and 

mRNA and protein levels of adipogenesis-related 

transcription factors PPARγ and C/EBPα and their 

upstream regulator, C/EBPβ. In addition, it 

inhibited the differentiation of 3T3-L1 diabetes-

induced preadipocytes by suppressing the mitotic 

clonal expansion of 3T3-L1 preadipocytes (Huang 

et al., 2006; Choi et al., 2014).  
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Its anti-obesity effect has been attributed to the 

anti-adipogenic activity. It also suppresses the 

expressions of CCAAT/enhancer binding protein 

(C/EBP)α, peroxisome proliferators-activated 

receptor γ2 (PPARγ2) and other adipogenic genes. 

At the early stage of 3T3-L1 preadipocyte 

differentiation, it decreases the expression of cAMP 

response element-binding protein phosphorylation 

and C/EBPβ induced by 3-isobutyl-1-

methylxanthine andthe forskolin (Zhang et al., 

2015). Berberine increased the hepatic CD36 

expression and triglyceride levels in mice (Choi et 

al., 2017). It promotes hepatic gene expression and 

circulating levels of FGF21 and ketone bodies in 

mice in a SIRT1-dependent manner to potentiate 

autophagy in the liver of high-fat, high-sucrose 

diet-fed obese mice. It acts in the liver to regulate 

lipid utilization and maintain whole-body energy 

metabolism. Hepatic lipid metabolism and energy 

expenditure in mice were found to be regulated by 

berberine inducing autophagy and FGF21 as there 

was a deficiencyan  of the nutrient sensor SIRT1 in 

the liver of HFHS diet-fed obese mice and in mouse 

primary hepatocytes (Sun et al., 2018).  

Berberine showed antidiabetic activity 

comparable to metformin. Its pharmacological 

mechanism revealed its effect as insulin mimetic 

and showed α-glucosidase reductase inhibition, the 

release of GLP 1, modification of gut microbiota 

and inhibition of enzyme dipeptidyl peptidase 4. It 

also has lipid-lowering action and is effective in 

polycystic ovarian disease (Patil et al., 2015). It 

serves as an activator of AMPK clinically and 

potentially used calorie restriction mimetics for 

extending healthspan; hence, it can be used as a 

potential candidate for the diabetes management 

(McCarty, 2014). It showed potential against 

metabolic syndrome by recovering the 

mitochondrial function associated with an 

increased activity of the mitochondrial sirtuin 3, 

normalizing mitochondrial function and preventing 

a state of the energetic deficit caused by impaired 

oxidative phosphorylation in the liver of high-fat 

fed rats (Teodoro et al., 2013). With its 

osteoclastogenesis decreasing property, berberine 

inhibits diabetic osteopath and reduces apoptotic 

pathways. In addition, it is helpful in lowering 

glucose level by stimulating glucagon-like peptide 

release and insulin sensitization thus exerting 

osteogenesis. Advanced glycation end-products 

(AGE) formation in diabetic condition is also 

decreased by berberine which ultimately helps to 

decrease the stiffness of collagen fibres. The 

molecule also has an inhibitory effect on 

parathyroid hormone and osteocalcin responsible 

for the osteoblastic activity (Rahigude et al., 2012).  

The studies also found that berberine may 

ameliorate the development of insulin resistance 

by differentially preventing alterations in 

expression of IR, IRS-1, and glucagon in β-cells, α-

cells, and hepatocytes (Gu et al., 2012). It prevents 

the development of obesity and insulin resistance, 

decreases food intake and increases the levels of 

serum lipopolysaccharide-binding protein, 

monocyte chemoattractant protein-1, and leptin. 

Besides, it decreases the serum level of 

adiponectin corrected for body fat in high-fat diet 

fed rats at 100 mg/kg body weight. Prevention of 

obesity and insulin resistance by berberine is at 

least partially mediated by structural modulation of 

the gut microbiota, which may help to alleviate 

inflammation by reducing the exogenous antigen 

load in the host and elevating SCFA levels in the 

intestine (Zhang et al., 2012).  

A mechanism based study by Han et al. (2011) 

revealed that the antidiabetic effect of berberine is 

due to its efficacy in modulating the gut microbiota 

as it acts topically in the gastrointestinal tract and 

remains unabsorbed without systemic anti-infective 

activity. It upregulated peroxisome proliferator-

activated receptor’s α/δ/γ, cyclin-dependent kinase 

9  and cyclin T1 mRNA and protein expression in 

adipose tissue, decreased tumour necrosis factor α 

and free fatty acid content and increased 

lipoprotein lipase activity in serum and adipose 

tissue (Zhou et al., 2010). It represses 

proinflammatory responses through AMPK 

activation in macrophages in adipose tissue of 

obese mice by downregulating the expression of 

proinflammatory genes such as TNF-α, IL-1β, IL-6, 

monocyte chemoattractant protein-1 (MCP-1), 

inducible nitric oxide synthase (iNOS), and 

cyclooxygenase-2 (COX-2). It suppresses the 

phosphorylation of MAPKs, such as p38, ERK, and 

JNK, and the level of ROS in macrophages (Jeong et 

al., 2009).   

Berberine mimics insulin action and increases 

glucose uptake ability by 3T3-L1 adipocytes and L6 

myocytes in an insulin-independent manner, 

inhibiting phosphatase activity of protein tyrosine 

phosphatase 1B (PTP1B), and increasing 

phosphorylation of IR, IRS1 and Akt in 3T3-L1 

adipocytes. In diabetic mice, it lowers glucose 

level and improves impaired glucose tolerance, 

but does not increase insulin release and synthesis 

(Chen et al., 2010). It protects against hyper-

glycemia-induced endothelial injury and enhances 

the endothelium-dependent vasodilatation, which 

is mediated in part through activation of the AMPK 

signalling cascade. Berberine enhances the 

phosphorylation of endothelial nitric oxide 

synthase (eNOS) at Ser1177. High glucose-induced 

generation of ROS, cellular apoptosis, nuclear 

factor-κB activation, and expression of adhesion 

molecules were found to attenuate by this 

molecule. Moreover, it elicits endothelium-

dependent vasodilatations and alleviates high 

glucose-mediated endothelial dysfunction in 

mouse aortic rings (Wang et al., 2009). Berberine 

improves lipid dysregulation and fatty liver in 

obese mice through central and peripheral actions. 

It reduced liver weight, hepatic and plasma 

triglyceride, and cholesterol contents in the mice, 

and promoted the AMPK activity and fatty acid 



Semwal et al. [Spectral studies and pharmacological relevance of berberine] 

 

 

Curr Med Drug Res, 2018, 2 (1), Article ID 181 Page 7 

oxidation which contributed to its change of gene 

expression involved in lipid metabolism (Kim et al., 

2009). It reduces body weight, plasma 

triglycerides and improves insulin action, glucose 

tolerance without altering food intake in mice. It 

down-regulates the expression of genes involved 

in lipogenesis and upregulates those involved in 

energy expenditure in adipose tissue and muscle. 

An increase of AMP-activated protein kinase 

activity in 3T3-L1 adipocytes and L6 myotubes, 

increased GLUT4 translocation in L6 cells in a 

phosphatidylinositol 3′ kinase-independent manner 

and reduction of lipid accumulation in 3T3-L1 

adipocytes was also recorded after treatment with 

berberine (Lee et al., 2006).    

 

Anti-inflammatory activity  

 

Berberine inhibits TNF-α, IL-1β, and IL-6 expression 

through AMP-activated protein kinase activation in 

BV-2 microglia and downregulates LPS- or 

interferon-γ-induced nitric oxide synthase (iNOS) 

and cyclo-oxygenase-2 (COX-2) expression in BV-2 

microglia cells. It was found to suppress the 

phosphorylated of ERK but not p38 and JNK in BV-2 

microglia. It also induces AMPK signalling 

pathways activation involved in anti-

neuroinflammation (Lu et al., 2010).  

 

CONCLUSION  

 

Berberine, a natural quaternary alkaloid was found 

to decrease blood sugar and manage the type 2 

diabetes via various pathways including the 

suppression of phosphorylation of MAPKs and level 

of reactive oxygen species. Its role against the 

tumours and inflammation was also proved by the 

research. However, its bioavailability is low, it can 

be developed as an antidiabetic drug by 

improving its bioavailability.  
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