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a b s t r a c t 

Considering the rising global health challenges and public expectations in terms of safety and cost effective- 
ness, it is necessary to promote effective, safer and cheaper alternative treatment options, particularly to benefit 
low- and middle-income countries (LMICs). Therapeutic regimens implying natural sources i.e ., plants and their 
secondary metabolites have been trusted by a large proportion of sufferers and extensively searched for their 
pharmacological actions. Berberis aristata , commonly known as Zarishk, Daruharidra and Indian barberry, is be- 
ing used in traditional medicine systems across the globe, particularly Asian countries i.e ., India and China, and 
has also gained much attention in the current era of modern medicine. The protective effects of B. aristata against 
a number of diseases are attributed to its bioactive metabolites, mostly alkaloids, including berberine, berbamine, 
aromoline, jatrorrhizine, oxyberberine, palmatine, tetrahydropalmatine, and lupeol. However, a comprehensive 
report describing the ethnopharmacological relevance, important secondary metabolites, cytotoxicity, and recent 
advances in its therapeutic efficacy against various ailments is either outdated or still lacking. Therefore, the cur- 
rent review summarizes the recent updates regarding the implications of B. aristata and its potential bioactive 
secondary metabolites in targeting various acute and chronic diseases including diabetes, cardiovascular compli- 
cations, cancer, hepatic dysfunction, infectious diseases, oxidative stress, inflammation, neurodegeneration, and 
ageing-associated symptoms with special emphasis on the biochemical and molecular mechanisms/pathways. 

1. Introduction 

The last three decades are considered a golden age of worldwide 
health as many advancements were achieved to combat various commu- 
nicable diseases (CDs) and non-communicable diseases (NCDs). These 
advancements include excessive funding from distinct funding bodies 
which significantly improved the health qualities in low-and middle- 
income countries (LMICs). The major areas covered in such projects 
constituted the availability of clean-drinkable water, sanitization prac- 
tices, immunization services, and pre-birth care leading to the protec- 
tion against most of the lethal illnesses worldwide [1–4] . Recently, one 
of the most influential pandemics, namely, Covid-19 (caused by SARS- 
CoV-2), hit the China at first and transmitted at full pace to the entire 
world and caused around 4.77 million global casualties as of September 
2021 and almost 10 percent of these deaths were documented in India 
only (0.448 million) [ 5 , 6 ]. The pandemics like Covid-19 exposed the in- 
adequate medical facilities of the developed world. However, extensive 
preventive measures somehow restricted the spread of SARS-CoV-2and 
latter the development of distinct vaccines, after a couple of years of its 
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first encounter, provided first line defense against SARS-CoV-2 to almost 
70 % of the world’s adult population [7] . 

On the other hand, NCDs like cancer, cardiovascular diseases (CVD) 
[ 8 , 9 ], particularly atherosclerosis [10] , stroke, diabetes [11–13] , and 
neurological disorders [ 14 , 15 ] have also established themselves to a 
more complicated level with time and most of the sufferers face drug- 
resistance or drug-intolerance-like conditions. In contrast, poverty [16] , 
socioeconomic status [17] , under-nutrition [ 17 , 18 ] and lack of aware- 
ness in LMICs worsen the health outcomes [19] . Therefore, the safety 
aspects of the available standard therapies and need for dropping down 
the expenditure on the effective modern medical facilities provoked 
majority of the researchers to shift their interests towards the alter- 
native medicine. Various plants and their bioactive-metabolites have 
been extensively studied for the management of different CDs and NCDs 
in LMICs especially, atherosclerosis [20–22] , diabetes [23–25] , cancer 
[26] , ageing [27] and neurodegenerative disorders [15] . 

Similarly, different Berberis Sp. including B. aristate, B. vulgaris , B. 

croatica, B. lyceum , B. khorassanica and B. aquifolium have also been stud- 
ied for their traditional therapeutic implications [ 28 , 29 ] . Among these, 
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B. aristata together with its bioactive metabolites has widely been in- 
vestigated in the traditional Chinese medicine (TCM) as well as Indian 
herbal medicine system for its beneficial pharmacological effects against 
distinct acute as well as chronic illnesses i.e ., diabetes (both Type-I and 
II) [30–32] , CVD [ 33 , 34 ], cancer [35] , microbial diseases [36] , gas- 
troenterological abnormalities [37] , and dysregulated redox [38] and 
inflammatory state [ 28 , 39 ]. A review on medicinal herbs belonging to 
the TCM summarized the mechanistic insights of the hypoglycemic po- 
tential of B. arista in experimental diabetic animals [40] . B. aristata and 
its metabolite i.e ., berberine are the best prescribed medications for gas- 
trointestinal discomfort in the TCM [41] . Unlike allopathic regimens 
relying only on the solo constituent with pharmacological effects via 
distinct molecular mechanisms, TCM constitutes different metabolites 
with pleiotropic therapeutic benefits and lesser toxicity issues, thus be- 
ing preferred for the management of disease conditions [ 42 , 43 ]. 

Different in-vitro, in-silico, cell culture, animal model and clinical 
interventional studies have validated the protective impact of B. aris- 

tata and its secondary metabolites. However, a comprehensive report 
describing the ethnopharmacological relevance, important secondary 
metabolites, cytotoxicity, and recent advances in its therapeutic effi- 
cacy against various CDs and NCDs is either outdated or still lacking. 
Therefore, the current review summarizes the recent updates regarding 
the ethnopharmacological implications of B. aristata and advancements 
in the discovery of potential bioactive secondary metabolites and their 
therapeutic properties in targeting various acute and chronic diseases 
with special emphasis on the biochemical and molecular mechanisms. 
A single line search strategy was implied using key words i.e ., B. aris- 

tata, secondary metabolites, ethnopharmacology, pharmacological ef- 
fects, toxicity, in-vitro , in-vivo , in-silico studies and metabolic disorders 
on distinct scientific and biological repositories like PubMed/Medline, 
PMC, Google scholar, Scopus, and Web of science between a time frame 
of 2005 and 2022. However, we preferred to review the articles pub- 
lished in or after 2010 unless and until we were unable to find any 
recent article for a specific pharmacological effect. 

2. B. aristata : ethnobotanical aspects and ethnopharmacological 

properties 

B. aristata (Family: Berberidaceae) has traditionally been used for 
the treatment of various diseases by different ethnic communities from 

north India, particularly Himalayan regions, as well as other Asian coun- 
tries like China, particularly in TCM [ 28 , 44 , 45 ]. It is well reckoned with 
distinct alternative names in different geographical areas and ethnicities 
like Daruharidra, peet, Zarishk, and Indian barberry. The therapeutic ef- 
fects of B. aristata have been mentioned in traditional and religious scrip- 
tures including Ayurveda and named as Darunisha, Peeta, Daruharidra, 
Darvi, Peetadru, Peetachandana, Hemakanti, and Kashtarajani. In an- 
cient Indian literature, the taste (Rasa) of B. aristata has been defined 
as Tikta that means bitter or astringent. The taste conversion after di- 
gestion (Vipaka) has been described as Katu i.e. , pungent, whereas, the 
mode of digestion has been categorized into Laghu i.e. , easy to digest 
[46] . The pharmacological effects of B. aristata extracts have been de- 
scribed in Charaka Samhita , Ayurveda’s definitive treatise, which sug- 
gests that distinct aliments i.e ., hemorrhage, piles, abnormal functioning 
of liver and gall bladder, and pruritus can be cured by oral administra- 
tion of B. aristata extract [44–46] . Sushruta Samhita also prescribed the 
implications of B. aristata for the treatment of digestive abnormalities, 
urinogenital disorders, and declined breast milk in lactating mothers 
[46] . 

Among various formulations of B. aristata , Daarvaadi Kashyaaya has 
been demonstrated to manage leucorrhoea and metrorrhagia, while an- 
other formulation named Daarvaadi Churnam has been widely used for 
piles and internal abscesses. Other potent formulations like Daarvaadi 

Ghritam and Daarvaadi Tailam have shown protective effects against 
bleeding piles and obesity, respectively [46] . Traditionally, B. aristata is 
also used as a concentrated liquor, reckoned as Rasaut, for the treatment 

of dermal diseases, diarrhoea, cholera, high bilirubin content, inflamma- 
tory diseases, and microbial infections. The root extract of this shrub is 
also used for the treatment of eye and dermal infections/disorders, piles 
and malaria in different states of the India [ 45 , 47 ]. Even an investiga- 
tion by South African researchers evaluated the invasion and cultivation 
dynamics of B. aristata in Africa and posed serious concerns regarding 
the quick eradication from the African lands due to its impact on the 
Chinese economy [48] . The description of various formulations consti- 
tuting B. aristata along with their pharmacological effects is mentioned 
in Supplementary Table S1. 

3. Potential secondary metabolites/bioactive compounds of B. 

aristata 

Different plant extracts, essentials oils and their bioactive secondary 
metabolites have been extensively used for the treatment and manage- 
ment of distinct metabolic diseases due to their safety and less or no 
toxicity [ 8 , 15 , 23 ]. A recent study demonstrated that B. aristata consti- 
tutes phytochemicals of different classes such as alkaloids, flavonoids, 
saponins, steroids, coumarins, glycosides, tri-terpenoids, polyphenols, 
tannins, reducing sugars, metal ions and, among these, the alkaloids 
are the most abundant phytoconstituents from B. aristata stem [ 45 , 49 ]. 
The potential beneficial effects of different parts of B. aristata have been 
attributed to the presence of secondary metabolites including berber- 
ine, berberamine, aromoline, jatrorrhizine, columbamine, oxyberber- 
ine, palmatine, tetrahydropalmatine, oxycanthine, lupeol, and oxycan- 
thine [28] . Different studies have standardized the secondary metabo- 
lites form B. aristata , a key representative of TCM [ 50 , 51 ]. The structures 
of the major secondary metabolites from B. aristata are represented in 
Fig. 1 . 

4. Cytotoxicity studies: evidences from in-vitro and in-vivo studies 

In a recent study, different extracts of B. aristata and diterpenes were 
assessed for their mutagenicity (using Ames test) as well as in-vitro cyto- 
toxicity against blood cells, which concluded that aqueous and organic 
extracts did not show any mutagenicity or potential cytotoxicity against 
blood cells [36] . In addition, acute oral toxicity study of diterpenes iso- 
lated from B. aristata did not exhibit any undesirable changes in Swiss 
albino mice [36] . However, diterpenes from B. aristata exhibited potent 
cytotoxic effects against various cancer cell lines i.e. , L20B, RD and Hep 
2 cells [36] . A study showed that the oral administration of different 
doses of jatrorrhizine caused death of the mice in a dose-dependent man- 
ner with an LD 50 of 5500mg/kg. In contrast, the LD 50 of jatrorrhizine 
was markedly greater than the LD 50 of berberine (763 mg/kg) [52] . 
The same study also reported that the administration of jatrorrhizine at 
70.05mg/kg/day for three months did not lead to any mortality, tox- 
icity and drug associated abnormalities of urinary and haematological 
profiles in SD rats [52] . 

The LD 50 value for berberine sulphate (isolated from B. aristata ) in 
rats was 205 mg/kg. However, at 50 mg/kg, it caused diarrhoea in 4 
out of 10 rats signifying its direct impact on the gastrointestinal tract 
[53] . The acute toxicity studies of berberine, palmatine and epiberberine 
showed that these alkaloids from B. aristata showed higher LD 50 values 
(713.57, 1533.68, and 1360 mg/kg, respectively) [54] . These three al- 
kaloids also affected the viability of HepG2 and 3T3-L1 cells [54] . These 
findings advocate that B. aristata and its secondary metabolites are safe 
for biological applications. 

5. Pharmacological effects of B. aristata and its bioactive 

metabolites in targeting various diseases 

5.1. Effects on redox state 

Despite the major regulatory mechanisms, redox imbalance, par- 
ticularly a rise in physiological oxidants, has been established as a 
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Fig. 1. Structural representation of potential 
bioactive secondary metabolites from B. aris- 

tata . 

key mediator that facilitates the progression of distinct metabolic ail- 
ments via its ability to disrupt the membrane potential and pertur- 
bations in macromolecules like DNA, structural and functional pro- 
teins, and lipids [ 9 , 12 , 20 , 55 , 56 ]. Till date, various in-vitro methods have 
been used for the determination of antioxidant properties of different 
medicinal plants and their secondary metabolites i.e ., 2,2-diphenyl-1- 
picrylhydrazyl (DPPH), ferric reducing antioxidant potential (FRAP), 
hydroxyl radical and 2,2 ′ -Azino-di-(3-ethylbenzothiazoline)-6-sulfonic 
acid assay along with other in-vivo biomarkers of oxidative home- 
ostasis i.e ., catalase (CAT), superoxide dismutase (SOD), glutathione 
S-transferase (GST), Glutathione peroxidase (GPx), and aryl esterase 
(PON-1) [ 9 , 10 , 20 , 23 , 24 , 57 ]. Gacche and Dhole assessed the redox mod- 
ulatory role of B. aristata ethanolic extract and reported that it exerted 
potent in-vitro DPPH radical quenching (IC 50 : 150 μg/ml) [38] . Further, 
they also analysed the hydroxyl radical scavenging activity of B. aristata 

ethanolic extract and demonstrated that it did not show hydroxyl radi- 
cal quenching activity [38] . In a recent study, researchers assessed the 
level of the anti-oxidants and pro-oxidants in Complete Freund’s adju- 
vant (CFA)-triggered arthritis and observed a diminished status/activity 
of GSH, CAT, and SOD and elevated level of thiobarbituric acid reactive 
substances (TBARS) and nitric oxide (NO). However, administration of 
100 and 200 mg/km of hydroalcoholic extract of B. aristata markedly 
improved the level/activity of GSH, CAT, and SOD and declined the 
malondialdehyde (MDA) and NO contents [58] . Further, B. aristata also 
up-regulated the mRNA expression of heme oxygenase-1 (HO-1) in paw 

tissues of arthritic rats via up-regulation of nuclear factor erythroid 2 
(NFE2)-related factor-2 (Nrf-2), which is known to regulate the expres- 
sion of HO-1 [58] . 

Recently, berberine has been shown to exhibit potent antioxidant 
activities and it suppresses the mitochondrial ROS generation in spi- 
ral ganglion cells via targeting sNMDAR1/Nox3 pathway [59] . The de- 
tailed analysis of mechanisms for the antioxidant activities of berber- 
ine in diabetic state suggests the involvement of distinct pathways i.e. , 
AMP-activated protein kinase (AMPK), mitogen-activated protein ki- 
nases (MAPKs), Nrf2 pathway, and nuclear factor- 𝜅B (NF- 𝜅B) pathways 
[60] . Another in-vivo study demonstrated that treatment with berber- 
ine ameliorated the diazinon-induced damage in cerebellum tissues and 
oxidative imbalance in rats via diminishing the level of MDA and stim- 
ulating the activity of enzymatic antioxidants i.e ., SOD, GPx and CAT 

in a dose-dependent manner as well as under resistance training [61] . 

Berberine supplementation also normalized the indices of oxidative 
stress including GPx and SOD transcripts together with the level of GSH 

in diabetic mice model [62] . In addition, berberine significantly allevi- 
ated the oxidative stress in the lenses of diabetic rats via modulation 
of SOD, CAT, and GPx activities and the level of TBARS [63] . Berber- 
ine also protected against lead (Pb)-mediated oxidative imbalance and 
hepatotoxicity in rats by increasing SOD, CAT, and GPx activities along 
with GSH content, a non-enzymatic antioxidant. These beneficial effects 
of berberine against Pb-induced oxidative stress, hepatic necrosis and in- 
flammatory response were comparable to the effects of reference stan- 
dard silymarin [64] . 

Berbamine, another phytochemical from B. aristata with potent phar- 
macological effects, has shown protective effects against steatosis via 
regulating the lipid accumulation, inflammation, and oxidative imbal- 
ance as evident by the enhanced activities of CAT and SOD as well 
as GSH level in fatty acid-challenged HepG2 cells [65] . Another study 
showed that treatment of berbamine alleviated isoproterenol-mediated 
cardiac injury in rats through the modulation of enzymatic ( i.e ., CAT, 
SOD, GPx, and GST) as well as non-enzymatic (GSH) antioxidant lev- 
els/activities. It also improved the mitochondrial dysfunction by con- 
trolling the activities of respiratory enzymes [66] . 

Similarly, palmatine, a protoberberine alkaloid, is isolated from dif- 
ferent parts of B. aristata [45] . Treatment with palmatine also showed 
that it exhibited neuromodulatory potential in A 𝛽-induced Caenorhab- 

ditis elegans model of neurodegeneration via reducing the ROS-specific 
DCFDA fluorescence [67] . Moreover, palmatine supplementation reg- 
ulates the activities of antioxidant enzymes in experimental diabetic 
rats [68] . On the other hand, two 𝛽-sitosterol’s i.e ., 𝛽-sitosteryl-3 𝛽- 
glucopyranoside-6 ′ -O-palmitate and 3-O-(6 ′ -O-linoleoyl- 𝛽-D-glucosyl)- 
𝛽-sitosterol from B. aristata showed protective effects against FeCl 2 - 
triggered lipid peroxidation [69] . These findings strongly suggest that B. 

aristata as well as its secondary metabolites possess noticeable antiox- 
idant effects and hence may be promoted to combat oxidative stress- 
associated complications. 

5.2. Effects on inflammatory signaling cascades 

The infection/inflammation fuels the development of various dis- 
eases including CVD, neurological disorders, cancer, and diabetes 
along with its complications [ 8 , 9 , 11 , 15 , 22 , 57 ]. Most importantly, 
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lipopolysaccharide (LPS), a potent immunogen from the Gram-negative 
bacteria, triggers a pro and systemic inflammatory state through en- 
hanced generation of inflammatory cytokines/chemokines, thereby, fa- 
cilitating the development of above-mentioned disorders [8–10] . Var- 
ious plant extracts, essential oils and their bioactive metabolites have 
shown anti-inflammatory effects in cell culture and animal studies i.e. , 
flavonoids, carotenoids and plants such as Rosmarinus officinalis L ., Al- 

lium sativum Linn , Curcuma longa , and Solanum lycopersicum [ 8–10 , 15 ]. 
Similarly, administration of B. aristata extract markedly suppressed the 
protein expression of inflammatory markers i.e ., interleukin-1 𝛽 (IL-1 𝛽), 
IL-6, Tumor necrosis factor receptor 1 (TNF-R1) and cyclooxygenase- 
1 (COX-1) that are reckoned to trigger the inflammatory cascades, 
whereas, the expression of anti-inflammatory IL-10 was stimulated in 
peritoneal macrophages [39] . 

Further, B. aristata extract supplementation resulted in down- 
regulation of IL-1 𝛽, IL-6, TNF-R1, NF- 𝜅B and vascular endothelial 
growth factor (VEGF) expression in an adjuvant-induced arthritis (AIA) 
model. In addition, the HO-1/Nrf-2 ratio was also improved and the 
protein level of matrix metalloproteinases (MMP)-3 and 9, known to 
degrade the extra cellular matrix, was also suppressed after B. aristata 

extract treatment [58] . Treatment with oxyberberine showed a notice- 
able alleviation in dextran sulfate sodium (DSS)-induced colitis via tar- 
geting tall like receptor-4 (TLR4)-MyD88-NF- 𝜅B signalling pathway and 
also blocked the translocation of NF- 𝜅B p65 to nucleus and subsequent 
signalling [70] . Palmatine also exhibited potent anti-inflammatory ef- 
fects through modulation of IL-1 𝛽, IL-6, IL-8, nitric oxide (NO), TNF ‐𝛼, 
TLR-4, CD-14, MMP-2 & MMP-9, IL-10 in LPS-challenged HT-29 cell line 
and goat endometrial epithelial cells [71–73] . 

On the other hand, berbamine diminished the inflammatory response 
in LPS-exposed macrophages and neutrophils [74] . Similarly, the treat- 
ment with berbamine also regulated the MAPK (JNK and ERK1/2) 
pathways and reduced the activation of NF- 𝜅B in LPS-stimulated 
macrophages [74] . Moreover, incubation with berbamine evidently 
combated the LPS or CH 3 COOH-induced IL-1 𝛽 and IL-6 mRNA expres- 
sion and p65 and STAT3 phosphorylation in RAW264.7 macrophage 
cells and protected C57BL/6J mice against alcoholic liver disease [75] . 
Two sitosterol’s namely 𝛽-sitosteryl-3 𝛽-glucopyranoside-6 ′ -O-palmitate 
and 3-O-(6 ′ -O-linoleoyl- 𝛽-D-glucosyl)- 𝛽-sitosterol isolated from Berberis 

spp . exhibited strong anti-inflammatory effects via inhibiting in-vitro 

activity of COX-1 and COX-2 [69] . In conclusion, B. aristata and its 
secondary metabolites exhibit promising anti-inflammatory effects and 
may be further evaluated for their therapeutic potential against various 
inflammatory diseases including atherosclerosis, diabetes and cancer. 

5.3. Antidiabetic effects 

Diabetes mellitus, a disorder associated with elevated blood glucose 
level due to abnormal insulin secretion or function, stands among the 
top causes of worldwide mortalities [ 11 , 24 , 57 ]. Epidemiological stud- 
ies have confirmed that there are around 450 million live cases of DM 

across the world and these numbers are predicted to further increase 
up to 700 million till 2045 [ 76 , 77 ], wherein almost half of the popu- 
lation (49.70%) carrying the disease burden are undiagnosed [76] . The 
strategies for the management of this metabolic dysregulation aims to 
restrict the blood glucose and glycosylated hemoglobin (HbA1c) lev- 
els within predetermined and permissible levels [ 11 , 23 , 24 ]. Different 
strategies are being used to achieve desired glycaemic control, partic- 
ularly, adjustment of life style, exercise, restricted diet, and dietary in- 
take of antioxidants, if failed, medical diagnosis and prescriptions are 
opted. Major therapeutic regimens include compensation of deficient 
insulin secretion through insulin administration for type-1 DM (T1DM) 
and oral drug candidates for type-2 DM (T2DM) subjects [11] . Despite 
desirable therapeutic effects, these prescriptions have shown several un- 
desired adverse effects, especially, inefficient/delayed absorption and 
robust glucose lowering in case of high dose insulin. Such adverse ef- 
fects of synthetic drugs have called the discovery of alternative drugs 

from natural sources. Plants, their extracts, essential oils, and bioactive 
metabolites are getting more and more attention throughout the world 
[ 23 , 24 ]. Similarly, a clinical report on the antidiabetic effects of TCM 

revealed the beneficial antidiabetic potential of berberine via its ability 
to lower down the free fatty acid content in T2DM subjects [78] . 

In this regard, B. aristata has been correlated with improved gly- 
caemic control, HbA1c, and basal insulin [79] . A randomized and 
placebo control clinical trial on 102 patients observed that treatment 
with B. aristata extract in combination with Silybum marianum improves 
the glycaemic control in diabetic dyslipidemic subjects via increasing 
the insulin C-peptide [80] . Another clinical trial with same combination 
showed the protective effects on T1DM as well as reduced the insulin 
doses required before meals [32] . The level of fasting blood glucose 
(FBG), PPG, HbA1c, total cholesterol (TC), triglyceride rich lipoproteins 
(TGRLs) and LDL-C were also reduced after the administration of B. 

aristata/S. marianum extracts [32] . Another interventional study con- 
cluded that B. aristata increased the level of insulin through its antiox- 
idant mechanisms and ability to repair damaged pancreatic 𝛽-cells in 
T1DM and T2DM cases [81] . 

A study showed that B. aristata extract has strong potential to 
regulate glucose homeostasis via decreased blood glucose, increased 
glycogen content and decreased activity of glucose-6-phosphatase, in- 
creased glucokinase and glucose-6-phosphate dehydrogenase activity, 
when compared to untreated diabetic rat model [30] . Another study 
also demonstrated that, among different extracts, ethanolic extract of 
B. aristata exerts remarkable antidiabetic effects and lowered the blood 
glucose in oral glucose tolerance test (OGTT) in over-night fasted rats. 
It also decreased the serum glucose level (248 ± 8.75 to 62 ± 6.78) and in- 
creased the glycogen content (12.99 ± 1.66 to 35.03 ± 9.89) in an experi- 
mental diabetic rat model [82] . A two month randomized, double-blind, 
and placebo-controlled study in Iranian subjects with T2DM showed that 
berberis fruit extract markedly reduced the FBG and HbA1c levels [83] . 

In addition to antidiabetic effects of B. aristata extracts, berberine, 
the most abundant compound of B. aristata plant/extracts, also exerts 
anti-glycaemic effects as evident by different in-vitro , cell culture, in- 

vivo animal model studies and human clinical trials. A mechanistic re- 
port showed that this heteropentacyclic alkaloid exerted potent antidia- 
betic effects via enhancing the secretion of insulin through elevation of 
glucagon-like peptide-1(GLP-1) levels, stimulating the process of glycol- 
ysis by activation of AMPK pathway and amplified glucokinase activity, 
decreasing the mitochondrial functionality and the process of adipogen- 
esis. It also increased glucose transporter-4 (GLUT-4) level which is well 
reckoned to facilitate the transport/diffusion of glucose, and showed 
strong antidiabetic effects via 𝛼-amylase inhibition in a non-competitive 
manner as evident by enzyme kinetics studies [84] . 

The same study also revealed that berberine inhibits the activity of 
𝛼-amylase by interacting at two distinct sites S-1 and S-2 (9 Å apart) 
with binding energies ( ∆G) -4.840 and -5.004 kcal/mol, respectively 
[84] . The interaction of berberine at S-1 was facilitated via by a num- 
ber of charged and polar amino acid residues including Tyr82, Asp117, 
His122, Tyr155, Arg204, Asp206, Thr207, Lys209, His210, Glu230, 
Asp233, His296, Asp297, and Arg344,whereas, interaction at S-2 was 
mediated by hydrophobic residues that mostly belonged to N-terminal 
of the target protein [84] . A clinical study in newly diagnosed type-2 
diabetic adults (n = 36) demonstrated that berberine lowered the level 
of FBG (from 10.6 to 6.9 mmol/L), postprandial blood glucose (PP) 
(from 19.8 to 11.1mmol/L) and HbA1c (from 9.5% to 7.5%) [85] . The 
berbamine, a potent alkaloid from B. aristata roots, alleviates the high 
fat diet (HFD) and STZ induced T2DM in rats via decreasing the HbA1c 
level and improving the hepatic glycogen content as well as increased 
the mean percent insulin positive cells [86] . Further, the potent hypogly- 
caemic effect of berbamine was also corroborated with increased hexok- 
inase and glucose 6-phosphate dehydrogenase activities as well as com- 
promised glucose 6-phosphatase and fructose 1,6-bisphosphatase [86] . 

Other isoquinoline alkaloids that are the characteristic metabolites 
of B. aristata , palmatine and jatrorrhizine, also enhanced the insulin 
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Fig. 2. Antidiabetic mechanism of B. aris- 

tata and its secondary metabolites. The B. 

aristata and its bioactive compounds inhibit 
the activity of carbohydrate metabolizing en- 
zymes i.e. , amylase (1) and glucosidase (2) and 
prevent the conversion of complex polysaccha- 
ride into oligo and monosaccharides (particu- 
larly glucose) to combat hyperglycemia; stim- 
ulate the GLUT-4 expression (3) and GLUT- 
4-mdeiated glucose transport (4); up-regulate 
the expression of GLP1-R (5) to facilitate GLP- 
1/incretin-directed modulation of insulin and 
glucagon expression (6); stimulate the glycol- 
ysis via increasing the hexokinase-IV (HK-IV) 
activity (7) and subsequent energy production 
through respiration (8); regulate the glycoge- 
nesis (9) and glycogenolysis (10); modulate 
the GLP-1-dependent glucagon expression (11); 
stimulate the conversion of excess glucose into 
ribose and other metabolites/sugars via inhi- 
bition of glucose- 6-phosphate dehydrogenase 
(G6PD) (12); inhibit the process of gluconeo- 
genesis from pyruvate and other precursors i.e ., 
glycerol via blocking the activities of fructose 
1,6-bisphosphatase (FB-Pase) (13), glucose 6- 
phosphatase (G6-Pase) (14) and glucagon (15); 
inhibit the conversion of triglycerides into fatty 
acids (16) and inhibit the DPP4-mediated GLP- 
1 inactivation (17). 

secretion in rat pancreatic 𝛽-cells (RINm5F) either in absence or pres- 
ence of glucose [87] . Both these compounds also inhibited the activ- 
ity of maltase with an IC 50 of 38.42 μg/ml and 22.05 μg/ml, respec- 
tively. Palmatine and jatrorrhizine further inhibited the activities of su- 
crase and 𝛼-glucosidase [87] . These effects were further validated in 
in-vivo study, which also observed that the treatment with palmatine 
and jatrorrhizine stimulated the secretion of insulin and hence raised 
the serum level which ultimately resulted in diminished serum glucose 
level [87] . Another study showed that the berberine and palmatine ex- 
hibited strong in-vitro 𝛼-glucosidase inhibitory activity [88] . A study 
in myocytes L6 cells showed that the treatment with palmatine mod- 
ulated the expression of genes responsible for the glucose homeostasis 
like GLUT-4, PPAR 𝛼 and PPAR 𝛾 [89] . The above-mentioned findings 
strongly suggest that B. aristata and its bioactive compounds possess 
significant anti-diabetic effects via targeting distinct molecular mecha- 
nisms in in-vitro, in-vivo , and clinical settings ( Fig. 2 ). 

5.4. Anticancer effects 

Sitting among the top of the mortality causes, the pathogenesis of 
cancer has called for the discovery and development of novel and effec- 
tive therapeutic approaches at broad scale [90] . In this context, natu- 
ral products/remedies have gain significant attention in recent decades 
and even a set of secondary metabolites reached to the clinical trials. 
In Indian and TCM, different plants from the genus Berberis with ethnic 
values are being used for their pharmacological, especially anticancer 
effects [91] . A recent report showed that methanolic extract of B. aris- 

tata exerted significant anticancer effects in human osteosarcoma cells 
(HOS) via induction of ROS generation, enhanced apoptosis, nuclear 
fragmentation, autophagy, and caspase-3 activity, as well as diminished 
cell viability (either alone or in combination) [35] . 

Another study with stem plus bark extract of B. aristata evident its 
anti-tumorigenesis potential in Ehrlich ascites carcinoma (EAC)-bearing 
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mice and it also increased the survival rate and declined the body weight 
due to the decreased tumor cell proliferation after receiving intraperi- 
toneal injection of 100 mg/Kg B.W. and 6.5 mg/Kg B.W. of aqueous and 
ethanolic extracts, respectively [92] . Apart from the anticancer effects 
of B. aristata extracts, its bioactive ingredients like berberine, oxyberber- 
ine, berbamine and palmatine also showed remarkable antitumorigenic 
and antiproliferative efficacy in different in-vitro and animal model stud- 
ies. In this context, berberine has been extensively investigated for its 
beneficial effects against the management of different cancers [93–95] . 
Moreover, berberine and its chemical analogues have shown to limit the 
proliferation of pancreatic adenocarcinoma cells (PDAC), PANC-1 and 
MIA-PaCa2 cells via induction of ROS generation, apoptosis and cell cy- 
cle arrest at G1 phase [ 96 , 97 ]. 

A recent study demonstrated that the supplementation of berber- 
ine in combination with galangin inhibits the growth of oesophageal 
carcinoma cell lines like human oesophageal carcinoma cell lines in- 
cluding Eca9706, TE-1, EC109 and HEEC [98] . Further, this combina- 
tion induced the apoptosis in Eca9706 cells via regulating the expres- 
sion of apoptosis related proteins Bcl2, Bax and caspase-3 and also re- 
sulted in cell cycle arrest at G2/M phase through down-regulation of 
distinct cell cycle related Cyclins and CDKs at post-transcriptional level 
[98] . Further, the co-delivery of these compounds also enhanced the 
ROS generation and down-regulated the m-RNA and protein expression 
of Wnt3a and 𝛽-catenin in Eca9706 cells [98] . The same combination 
also diminished the tumor growth in nude mice with xenograft tumors 
[98] . Another study showed that berberine limits the proliferation of 
human chondrosarcoma cell line (HTB-94) through G2/M phase arrest 
in PI3K/Akt and p38 kinase-dependent pathways [99] . 

In addition to berberine, another secondary metabolite from Berberis 

spp., oxyberberine, exerted potent anticancer activities against human 
hepatic adenocarcinoma cells (SK-Hep-1), human liver cancer cells 
(Hep-G2) and human non-small cell lung cancer (NCI-H12997) cells. 
However, the anticancer effect of oxyberberine in SK-Hep-1 cells was 
highest, when compared to cytotoxic effects reported in Hep-G2 and 
NCI-H12997 cells as confirmed by MTT assay after 72 h of incuba- 
tion [100] . Moreover, berbamine has also showed anticancer effects 
in HepG2 and SMMC-7721 hepatocellular carcinoma cells via p53- 
dependent induction of apoptosis and suppression of Bcl-2 and sur- 
vivin expression [ 101 , 102 ]. Another study on various carcinoma cells 
demonstrated that berbamine loaded lipid nanoparticles (BBM-NPs) ex- 
hibited potent anti-metastatic and antitumorigenic effects by inhibiting 
the migration in human A549 (alveolar basal epithelial adenocarcinoma 
cells), MDA-MB-231 (Human triple-negative breast cancer cells) and 
B16F10 murine melanoma cells [103] . The invasion was also restricted 
in A549 and MDA-MB-231 cells via suppression of matrix metallopro- 
teinase (MMP)-2, MMP-9, Bcl-2 and VEGF protein expression. In addi- 
tion to induction of apoptosis in these cells, it also showed significant an- 
titumorigenic efficacy in B16F10 melanoma cell injected C57Bl/6 mice 
tumor model [ 103 , 104 ]. These findings were further validated by the 
other researchers who also reported anticancer effect of berbamine on 
A549 cells through reduced Bcl-2/Bax ratio and diminished relative mi- 
gration in a dose dependent manner [105] . 

Further, berbamine in combination with Detoxified Pneumolysin 
Derivative ∆A146Ply showed enhanced anticancer effects against dif- 
ferent breast cancer cells, particularly, MDA-MB-231 cells via targeting 
p-Akt/T-Akt/p-Erk/T-ERK/Bcl-2/Bax signalling [106] . Another study 
showed that co-supplementation of berbamine and docetaxel through 
chitosan/Sulfobutyl ether-Cyclodextrin nanoparticles showed potent an- 
ticancer activities in MCF-7 breast cancer cells by promoting the apop- 
tosis, inhibition of cell-proliferation and down-regulation of survivin 
mRNA expression [107] . Similarly, berbamine treatment induced the 
apoptosis and autophagy as well as inhibited the metastasis in human 
colon cancer cells lines like HT-29, HCT116 and SW480 through sup- 
pression of Bcl-2 and activation of Bax, Caspase-3, Caspase-9 (apoptosis- 
related proteins), and ATG-12, ATG-5 and beclin-1 (autophagy-related 
proteins) [ 108 , 109 ]. It also induced the cell cycle arrest at G 0 /G 1 in 

HCT116 and SW480 cells [109] . On the other hand, glioblastoma (GBM) 
is the most common primary brain tumor that accounts for about forty 
percent of all neurological malignancies. However, a newly synthesized 
berbamine derivative negatively regulates cell viability and triggers 
apoptosis in cancer stem-like cells of human GBM through up-regulation 
of miRNA-4284 and JNK/AP-1 signaling [110] . In addition to the indi- 
vidual antitumor effects on GBM, a combination of berbamine with pa- 
clitaxel showed enhanced antitumor potential in GBM cells via targeting 
ROS/Akt signaling pathway [111] . Berbamine also improved the radio 
sensitization of head and neck squamous cell carcinoma via limiting the 
STAT3 phosphorylation and modulating the Bax/Bcl-2 ratio [112] . 

The treatment of SKOV3 and ES2 of ovarian cancer cells with 
berbamine limited the cell proliferation and induced apoptosis and 
cell cycle arrest at G0/G1 phase. These effects were attributed to the 
berbamine-mediated modulation of caspase-3/caspase-9/Bax/Bcl-2 and 
Wnt/ 𝛽-catenin signaling [113] . Another study showed that berbamine 
enhanced the anticancer effects of gefitinib on pancreatic cancer cells 
( i.e ., Panc-1 and Miapaca-2) via inducing the cell cycle arrest at G0/G1 
and G1 phase in Panc-1 and miapaca-2 cells, respectively, as well as their 
co-delivery also diminished the protein expression of cell cycle associ- 
ated proteins like cyclin D1, Cdk-4 and Cdk-6 [114] . It also enhanced 
the apoptosis promoting ability of gefitinib via regulating the Bax and 
Bcl-2 protein expression and also targeted STAT3 signaling [114] . 

A novel berbamine derivative (BBMD3) negatively affected the vi- 
able cell count and triggered apoptosis in various human osteosarcoma 
cells (G292, KHOS, and MG-63) through down regulation of cyclin 
D-1 and D-2 expression. It also increased the cleavages of caspase-3 
and PARP along with the regulation of Bcl-2, Bcl-xL, survivin, Jak-2 
and p-STAT protein expression [115] . Recently, another derivative 2- 
methylbenzoyl berbamine (BBD24) has also showed the ability to sup- 
press the growth of isolated human osteosarcoma cells in NF- 𝜅B, ERK 

and AKT-dependent signaling networks [116] . The above-mentioned ev- 
idences are strongly advocating the fact that B. aristata along with its 
bioactive principals exhibit significant anti-cancer potential via target- 
ing different signaling pathways ( i.e ., Jak/STAT, ROS/Akt, NF- 𝜅B, and 
p-Akt/T-Akt/p-Erk/T-ERK/Bcl-2/Bax signaling), autophagy, and ROS 
generation in in-vitro and in-vivo models. 

5.5. Effects on lipid metabolism or atherosclerotic cardiovascular disease 

Lipids are the essential constituents of the cells, organs, and the 
body which participate in various structural as well as functional as- 
pects of life. Considering their ubiquitous occurrence and the inevitable 
role in animal physiology, it’s important to understand the coordi- 
nated metabolism of lipids in the body. Excess of different lipids and 
lipoproteins in the circulation as a result of deregulation of choles- 
terol homeostasis has been associated with moderate to severe CVD [ 8–
10 , 22 ] or systemic complications including diabetes and its associated 
illnesses, particularly nephropathy, neuropathy, and retinopathy [11–
13] . The low-density lipoprotein (LDL), among different lipoproteins, 
plays a crucial role in the establishment of CVD including atheroscle- 
rosis, whereas, high-density lipoprotein (HDL) is believed to protect 
against these complications through its paraoxonase-dependent antiox- 
idant activity [ 9 , 10 , 12 ]. The level of these lipoprotein particles in the 
cytoplasm is strictly sensed by sterol regulatory element binding protein- 
2 (SREBP-2) which ultimately controls the expression of different genes 
that function in cholesterol homeostasis [ 9 , 117 ]. 

The major regulators of the cellular cholesterol level are HMG-CoA 

reductase (HMG-R), known for intracellular cholesterol synthesis; LDL- 
receptor (LDL-R), responsible for LDL-uptake by the cells and propro- 
tein convertase subtilisin/kexin-9 (PCSK-9), a lysosomal degrader of 
LDL-R, which reduces LDL-uptake through LDL-R [ 8 , 10 , 26 , 118 ]. There- 
fore, management of cholesterol homeostasis involves targeting of here- 
mentioned distinct biochemical as well as molecular markers includ- 
ing HMG-R, LDL-R, PCSK-9, and SREBP-2. Owing to the adverse effects 
associated with the commercially available drugs, particularly statins, 
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researches have shifted their attention towards the natural drug can- 
didates due to their safety, bioavailability as well as desired efficacy 
[ 21 , 117 ]. 

In the same context, a study showed that the treatment with B. aris- 

tata extract plays a very important role in the prevention of CVD via 
decreasing the level of circulatory total cholesterol (TC), triglycerides 
(TGs), and LDL, whereas, it increasing the level of HDL in high choles- 
terol fed rats [119] . Recently, B. aristata cortex extract (BCE) down- 
regulated the expression of PCSK-9 both at transcription and translation 
level and also influenced the promoter activity [34] . The co-delivery of 
BCE with red yeast rice and Morus alba leaves extract also suppressed 
the PCSK-9 mRNA and protein level and PCSK-9 promoter activity in 
HepG2 and Huh7 cells [34] . The BCE alone as well as in the same com- 
bination also up-regulated the expression of LDL-R, which ultimately 
facilitated the LDL uptake in HepG2 cells [34] . 

A clinical study was performed to assess the impact of co-delivery 
of B. aristata extract and Silybum marianum on the subjects facing chal- 
lenges associated with long lasting statin therapy, when consumed at 
very high doses. To achieve the target, they divided the patients on 
statin therapy into two groups both receiving half of their respective 
previous statin doses either in the presence or absences of B. aristata 

extract and S. marianum combination [120] . This study concluded that 
lowering the statin dose resulted in a marked deregulation of circulatory 
markers of cholesterol homeostasis in placebo group. In contrast, treat- 
ment with the here-mentioned combination of B. aristata compensated 
the effects of reduced statin dose efficiently, when compared to placebo 
group [120] . In addition, anti-hypercholesterolemic effect of berbamine 
isolated from B. aristata and other Berberis spp . were evaluated in high 
cholesterol fed zebra fish model and found that berbamine exhibited 
strong hypocholesterolemic properties by diminishing the cholesterol 
content in caudal artery, plasma TC, TGs, LDL-C and hepatic lipid con- 
tent [121] . Berbamine also down-regulated the mRNA expression of 
HMG-R and protein levels of microsomal triglyceride transfer protein 
(MTP). In contrast, the mRNA expression of hepatic LDL-R was up- 
regulated, which ultimately resulted in enhanced clearance of circula- 
tory LDL cholesterol in zebra fish model of hypercholesterolemia [121] . 

Similarly, a recent review concluded that berberine exhibited po- 
tent anti-atherosclerotic effects via targeting different biochemical and 
molecular mechanisms including the activity of PCSK-9 and LDL-R in 
different models [122] . Berberine was found to suppress the expression 
of PCSK-9 in HepG2 cells [123] . It also affected the expression and ac- 
tivity of hepatocyte nuclear factor-1 𝛼 (HNF-1 𝛼) in HepG2 cells [124] , 
which is a direct transcriptional activator of PCSK-9 expression [9] . 

Another study observed that treatment with berberine and palma- 
tine exerted curative effects against HFD-induced experimental hyper- 
cholesterolemia in B6 mice model and reduced the hepatic triglyceride 
rich lipoprotein (TGRL) accumulations and also reduced the epididy- 
mal adipocyte size [125] . These beneficial effects after berberine and 
palmatine treatment were achieved through down-regulation of HMG- 
R and stimulation of LDL-R and cholesterol-7- 𝛼-hydroxylase (CYP7A1) 
mRNA expression. In addition to the effect on mRNA expression, the 
protein expression of HMG-R, LDL-R, CYP7A1, SREBP-2, farnesoid X re- 
ceptor (FXR) and c-Jun N-terminal kinase (JNK) was also modulated by 
the treatment of these compounds [125] . The treatment with palmatine 
alone also showed the amelioration of these biomarkers in HFD-induced 
hamster model of hypercholesterolemia [126] . In conclusion, B. aristata 

and its bioactive metabolites exhibited promising anti-atherosclerotic 
effects through the regulation of PCSK-9/LDL-R/SREBP-2/HMG-R axis 
and subsequent lipid homeostasis ( Fig. 3 ). 

5.6. Hepatoprotective effects 

Liver is the vital organ and is responsible for the adsorption, desorp- 
tion, metabolism and excretion (ADME) of each and every metabolite, 
drug and toxic substances that are being ingested in the body. How- 
ever, the drug-induced liver injury (DILI) is considered the major cause 

leading to the discontinuation of a clinical trial and withdrawal of a 
drug from pharmaceutical market. Despite the availability of various 
main stream therapeutic agents, finding a drug with the potential to cure 
against DILI is nowhere an easy task. Therefore, numerous herbs/plants, 
either alone or as polyherbal formulations, have been investigated for 
their hepatoprotective activity in different in-vitro (cell culture) and in- 

vivo settings. In the same context, the treatment with B. aristata root 
extract has been shown to prevent carbon tetrachloride (CCl 4 )-induced 
hepatotoxicity in rats via modulating the activities of alanine amino- 
transferase (ALT), aspartate aminotransferase (AST), and alkaline phos- 
phatise (ALP) as well as decreasing the level of total bilirubin in the 
serum [127] . Punarnavashtakkwath, a well-known Ayurvedic formula- 
tion consisting of eight plant species including B. aristata , has also been 
investigated for its hepatoprotective activity in CCl 4 -induced hepatic in- 
jury in rats as well as HepG2 cells [128] . As a result of this study, the 
Punarnavashtakkwath was demonstrated to have protective effects via 
decreasing the activities of hepatic enzymes like ALT, ALP, AST as well 
as the level of TBARS and bilirubin in CCl 4 -induced hepatic injury in 
rats [128] . It also stimulated the activities/level of hepatic SOD, CAT, 
and GSH in same model. The same formulation (15 μg/ml) also pos- 
itively regulated the viability of CCl 4 -exposed HepG2 cells and these 
effects on HepG2 cell viability were better than that of reference stan- 
dard silymarin (50 μg/ml) [128] . Different herbal formulations from 

TCM constituting B. aristata have shown hepatoprotective effects [129] . 
In addition to the hepatoprotective effects of different formula- 

tions of B. aristata , berberine also showed ameliorative effects against 
acetaminophen-induced hepatotoxicity in mice via modulating the level 
of inflammatory markers, activities of hepatic ALT and AST, redox im- 
balance, lipid peroxidation, myeloperoxidase, preserving the cellular 
integrity, and restricting the monocyte migration into the arterial in- 
tima [130] . Berberine pre-treatment also showed the amelioration of 
the same biochemical, molecular, as well as histopathological parame- 
ters in methotrexate-induced hepatotoxicity in rats [131] . Like berber- 
ine itself, treatment with berberine nanoparticles (BBR-NPs) also allevi- 
ated the altered activity of hepatic enzymes in CCl 4 -induced hepatotox- 
icity model [132] . Doxorubicin, one of the most efficient chemother- 
apeutic agents, is known to exhibit adverse effects on hepatic struc- 
ture and function. The treatment with berberine showed protective ef- 
fects against doxorubicin-induced hepatotoxicity through modulation of 
distinct cytochrome P450s and inflammatory cascades [133] . Another 
study showed that treatment with this compound significantly improves 
the paraquat-induced hepatic dysfunction through the modulation of 
ROS generation, GSH content, and ALT and AST activity [134] . 

A clinical study also evident the hepatoprotective effect of Berberis 

Sp . via alleviating lipid profile, hepatic ALT, AST and ALP activity, GPx 
activity as well as kidney associated biomarkers [135] . The results from 

another clinical trial revealed that berberine treatment significantly im- 
proved the nonalcoholic fatty liver disease (NAFLD) like symptoms by 
lowering TC, lipoproteins, FBG level, and activity of major hepatic en- 
zymes, when compared to untreated subjects [136] . Moreover, berber- 
ine markedly lessened the CCl 4 -induced hepatic dysfunction via acti- 
vation of AMPK/transforming growth factor- 𝛽 (TGF- 𝛽)/Akt signaling 
and regulation of hepatic enzymes in mice [137] . Further, this bioac- 
tive metabolite from B. aristata also showed hepatoprotective effects in 
FeSO 4 -induced animals by improving the level of serum bilirubin, total 
protein, cholesterol and lipoproteins, lipid peroxidation markers, and 
rate of creatinine clearance [138] . A recent meta-analysis of clinical tri- 
als of berberine showed contradicting findings that it does not show sig- 
nificant effects on the hepatic functionality and the regulation of hepatic 
ALT and AST activity [139] . 

Another study in aflatoxin B1 and ochratoxin A-induced model of 
hepatotoxicity showed ameliorative effects of berberine through the 
modulation of activities of SOD, GPx, ALT, AST, gamma-glutamyl trans- 
ferase (GGT), and LDH [140] . Another compound from B. aristata , pal- 
matine, showed hepatoprotective activity in gentamicin-induced rat 
model of hepatic injury via improving the activities of ALT and AST 
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Fig. 3. Role of B. aristata and its bioactive 

metabolites in cholesterol homeostasis car- 

diovascular risk management. The cardio- 
protective mechanisms of B. aristata and its 
bioactive metabolites include: the suppression 
of HMG-R mRNA and protein expression (1) as 
well as subsequent activity to limit the choles- 
terol synthesis (2); the stimulation of LDL-R ex- 
pression (3) and LDL-R recycling to hepatic cell 
surface to facilitate the LDL-C uptake and lower 
the circulatory atherogenic load (4); suppres- 
sion of PCSK-9 expression (5) to restrict the in- 
teraction between PCSK-9 and EGF-A of LDL-R 
and subsequent lysosomal degradation of LDL- 
R (6); reduction of circulatory cholesterol and 
its accumulation in the arteries (7) and preven- 
tion of ROS-driven oxidative modification of 
LDL-C to generate Ox-LDL (8) which is more 
prone to be trapped in between the intima- 
media axis and elicits immunogenic as well as 
inflammatory cascades which further fuel the 
pace of atherosclerotic plaque formation. 

as well as the level of MDA, GSH, and electrolytes [141] . In addition, 
palmatine also ameliorated the d-galactosamine/LPS-triggered hepatic- 
injury in mice via modulation of inflammatory cascades and apoptosis 
in hepatocytes [142] . These findings reported in different model systems 
of hepatotoxicity are strongly validating the hepatoprotective potential 
of B. aristata and its bioactive constituents. 

5.7. Antimicrobial effects 

Newly arising as well as previously identified infectious diseases 
are the major health concern and thus have gained much attention of 
the scientists across the globe. Among distinct infectious agents, bac- 
teria are the major contributors to the pathophysiology of infectious 
diseases (around 55%) and majority of them are multi-drug resistant 
(MDR) [143] . Most of the synthetic antibiotics produce toxicity on dif- 
ferent organs or tissues due to their chemical structure. Therefore, re- 
placement of these toxic antibiotics with novel antimicrobial agents 
from natural sources is the demand of the time to meet the safety con- 
cerns. In this context, different plants and their metabolites have been 
investigated for their antimicrobial activity. A recent review by Neag 
et al ., [144] summarized the traditional uses and antimicrobial effects 
of berberine-containing plants and decoctions from Berberis Sp. in TCM 

[145] . Some berberine-containing decoctions have been shown to pos- 
sess antibacterial activity in TCM [ 146 , 147 ]. Similarly, aq. extract of B. 

aristata showed potent bactericidal effects against a series of microbes 
with maximum antibacterial efficacy against Klebsiella pneumoniae 1, 
having a zone of inhibition (ZOI) of 25 mm. However, K. pneumoniae 2 
and some other bacteria showed a marked resistance against B. aris- 

tata extract. The same extract also exerted strong antimicrobial effects 
against Candida albicans (ZOI: around 23 mm) [36] . Berberine, a ma- 
jor constituent of B. aristata , showed potent inhibitory effects against 
various methicillin-resistant Staphylococcus aureus (MRSA) strains with 
minimum inhibitory concentrations (MICs) between 32 and 128 μg/mL 
and extended the antibacterial efficacy of commercially available beta- 
lactam antibiotics i.e. , ampicillin and oxacillin [ 148 , 149 ]. 

The incubation of berberine also potentiated the effects of flucona- 
zole against the growth of yeast, hyphal growth and biofilm generation 
via regulation of relevant genes in C. albicans that were initially resis- 
tant to FLC [150] . The treatment of berberine in combination with a 
well-known antifungal agent amphotericin B showed potent antimicro- 
bial effects against C. albicans/S. aureus biofilms. This combination also 
impacted the transformation of C. albicans hyphae and their interaction 
with S. aureus . These beneficial effects of berberine-amphotericin B co- 
administration against C. albicans/S. aureus biofilm were attributed to 
the regulation of genes responsible for quorum-sensing as well as biofilm 

formation [151] . Similarly, berberine protected against E. coli -induced 
septic mortality and also increased the survival of the mice. It also po- 
tentiated the bactericidal effects of standard antibiotic drug along with 
the regulation of inflammatory cytokines levels [152] . Treatment with 
berberine showed potent antimicrobial effects against the MRSA, partic- 
ularly MRSA252, via disrupting the morphological features of this MRSA 

and altering the fatty acid composition of the bacterial membrane [153] . 
The extract of B. aristata also exhibited strong in-vitro antiparasitic 

effects against Plasmodium berghei NK65, a known malarial parasite of 
rodents. These effects of B. aristata were further validated in in-vivo stud- 
ies in P. berghei NK65 - challenged BALB/c mice model of malaria which 
showed its preventing effects against P. berghei NK65 infection and also 
increased the survival of mice model from 7.5 days to 12.8 days [154] . 
A traditional herbal formulation constituting berberine and matrine re- 
stricted the biofilm production and altered the cellular morphological 
features in a MDR strain of E. coli . The inhibitory effects of berberine 
on E. coli biofilm were attributed to the suppression of quorum sensing- 
associated genes i.e ., pfS, hflX, and fliA [155] . Another study reported 
that berberine chloride exerted antimicrobial activity against 14 species 
of Staphylococccus with maximum bactericidal effects observed in case of 
S. haemolyticus and S. epidermidis . These anti-staphylococcal effects were 
further enhanced when berberine chloride was synergistically applied 
with reference standard linezolid, cefoxitin and erythromycin [156] . 

Researchers synthesized various derivatives of berberine-specific im- 
idazoles which showed strong bactericidal effects against Gram + ve and 
Gram -ve bacteria. The strongest antibacterial activity was reported 
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in case of imidazolyl-berberine 3a against Eberthella typhosa (MIC: 1 
𝜇g/mL). This berberine-imidazole analog showed mild cytotoxic effects 
as well as ROS generation and its antibacterial effects were attributed to 
its ability to intercalate between the DNA strands and thus limiting the 
replication and cell growth [157] . The antibacterial effects of berberine 
were markedly extended by encapsulating it into nanogels and further 
surface modifications using positively charged polyelectrolyte [158] . 

Similarly, conjugation of berberine with shellac nanoparticles along 
with Poloxamer 407-mediated surface modifications resulted in strong 
antimicrobial effects against E. coli , C. reinhardtii and S. cerevisiae , when 
compared with un-conjugated berberine. The enhanced efficacy of this 
berberine-conjugate was attributed to the presence of positively charged 
surfactant, which showed strong interaction with negatively charged 
membrane [159] . Other studies also reported the augmented antimicro- 
bial action of berberine nanoparticles [160] . Moreover, benzyl deriva- 
tives of berberine exhibited potent antimicrobial efficacy against differ- 
ent Gram + ve and Gram-ve bacteria as well as fungal strains and these 
effects were better than that of ciprofloxacin and fluconazole [161] . An- 
other study showed that berberine and palmatine extended the antibac- 
terial efficacy of ciprofloxacin against sixty isolates of MDR Pseudomonas 

aeruginosa from burn infections via functioning as the inhibitors of efflux 
pumps [162] . Additionally, both these compounds showed protective ef- 
fects against the gastric ulcers via regulating redox status and restricting 
the colonization of Helicobacter pylori , a well-established causative agent 
of peptic ulcer disease [163] . 

The above discussed findings are strongly supporting the potent an- 
timicrobial effects of B. aristata extracts as well as its secondary metabo- 
lites. These findings suggest that supplementation of B. aristata extracts 
and its bioactive metabolites, alone or in combination with other an- 
timicrobial agents, may be implied as promising therapeutic regimen in 
the management of different microbial diseases. 

5.8. Antiglycation/anti-aging effects 

Poorly managed and long lasting hyperglycaemic conditions facil- 
itate the establishment of distinct secondary complications in DM pa- 
tients and the glycation process has been stated as the major culprit 
[ 11 , 12 , 57 ]. Glycation proceeds in a sequential and non-enzymatic re- 
action of carbonyl species like sugars with other macromolecules, par- 
ticularly, proteins, DNA and lipoproteins, which ultimately lead to the 
formation of advanced glycation end products (AGEs) [ 27 , 118 ]. These 
AGEs encounter with their receptors (RAGEs) that is followed by various 
signaling cascades leading to cellular disintegration [ 12 , 57 ]. These ob- 
servations advocate the significance of discovery of antiglycation agents 
to block the glycation as well as diabetes-associated secondary compli- 
cations. Considering the adverse effects of aminoguanidine, standard 
antiglycation agent, various plants and their lead metabolites (includ- 
ing iridin, carvacrol, tocotrienol, and glycyrrhizic acid) have been used 
to block the formation of AGEs both in in-vitro and in-vivo settings 
[ 12 , 27 , 55 , 56 , 118 ]. Berberine, a bioactive constituent of B. aristata , has 
showed protective effects against diabetic complications via targeting 
the formation of AGEs as well as advanced protein oxidation adducts 
in STZ-induced diabetic rat model [63] .The findings from other studies 
also validated the efficacy of berberine in targeting AGEs-induced com- 
plications in diabetic rat models as well as mesangial cells and concluded 
that this bioactive metabolite exerts inhibitory effects against the gen- 
eration of AGEs and subsequent RAGE/TGF- 𝛽1 signaling and aberrant 
proliferation of mesangial cells, a sign of the progression of renal fail- 
ure [ 164 , 165 ]. A meta-analysis of effects of berberine on diabetic state 
also showed that this bioactive compound from B. aristata lowers the 
level of HbA1c, a marker of glycoxidative modification of circulatory 
haemoglobin [166] . 

In addition to the berberine, palmatine also showed the inhibitory 
effects against D-ribose and methylglyoxal (MGO)-induced BSA and 
hemoglobin-AGEs formation [167] . Similarly, quercetin also exerted 
beneficial effects against dietary AGEs-induced Alzheimer’s like patholo- 

gies in mice via modulating the A 𝛽 content, neurotransmitters, activa- 
tion of tau, and inflammatory cascades in brain [168] . Other in-vitro 

and molecular modelling studies also confirmed the antiglycation ef- 
fects of quercetin against glucose, ribose, MGO and fructose-induced 
protein AGEs formation [ 169 , 170 ]. Another recent study concluded 
that quercetin protects against the MGO-induced proliferation of can- 
cerous MCF-7 cells via restricting the structural changes in HSA, par- 
ticularly the formation of AGEs and aggregates [171] . Similarly, rutin 
and its derivatives have also showed in-vitro inhibitory effects against 
histone H1 and BSA-AGEs formation (induced through a number of po- 
tent glycating agents) [ 172 , 173 ]. Various in-vivo studies also confirmed 
the protective pharmacological role of this flavonoid in targeting AGEs- 
induced diabetic complications including diabetic cataract, character- 
ized by opacification of the eye lenses [174–176] . Moreover, the admin- 
istration of rutin also protected against AGEs-induced osteoarthritis in 
human chondrocytes as well as a surgically destabilized mice model via 
modulation of redox mediators, inflammatory markers (MMP-13, IL-6, 
TNF- 𝛼, and COX-2), and AGEs level [177] . 

Caffeic acid, another secondary metabolite from B. aristata , signifi- 
cantly ameliorated the epithelial to mesenchymal transition in AGEs- 
induced HK-2 cells via targeting 𝛽-catenin signaling [178] . It fur- 
ther showed its anti-ageing therapeutic potential against LDL-AGEs- 
triggered inflammatory response by interfering the RAGE transcrip- 
tion, AGEs-RAGE interaction and subsequent secretion of inflamma- 
tory cytokines including C-reactive protein (CRP) and chemokines i.e ., 
monocyte chemo attractant protein (MCP-1) and vascular cell adhesion 
molecule-1 (VCAM-1) in human endothelial cells [179] . Another simi- 
lar study reported that caffeic acid exhibits inhibitory effects against D- 
glucose-induced protein AGEs formation and also protected the protein- 
AGEs-exposed HUVECs by the suppression of IL-1 𝛽, IL-18, VCAM-1, 
and CRP expression as well as ROS formation [180] . Chlorogenic acid, 
an esterified adduct of caffeic acid and commonly isolated from B. 

aristata , has showed potent antiglycation effects leading to the dimin- 
ished level of BSA-AGEs as well as their cross-reactivity with collagen 
[ 181 , 182 ]. Chlorogenic acid was also found to inhibit the D-fructose- 
induced ovalbumin-AGEs formation after intestinal digestion [183] . It 
also protected the high glucose-exposed H9c2 cells via blocking the 
AGEs formation as well as redox regulation [184] . In conclusion, B. aris- 

tata and its secondary metabolites exhibited promising antiglycation and 
anti-aging effects and may be further evaluated for their therapeutic po- 
tential against various glycation and aging-induced diseases including 
diabetes using distinct preclinical and clinical studies. 

5.9. Neuroprotective effects 

Neurological ailments are one of the causes of disability adjusted life 
years across the globe and Alzheimer’s disease (AD) is the most recog- 
nized pathology accounting for 60 to 80 % of the total cases of dementia 
[15] . The manifestations of AD are largely attributed to the formation 
and accumulation of amyloid- 𝛽 (A 𝛽), redox imbalance, inflammatory 
cascades, neurotransmitters and the activities of acetylcholine esterase 
(AChE) as well as butyrylcholine esterase (BChE) [15] . Distinct strate- 
gies have been investigated for their neuroprotective effects since few 

decades i.e ., inhibitors of AChE, BChE, protein aggregation and A 𝛽 for- 
mation, N-methyl-D-aspartate (NMDA) receptor, antioxidants and anti- 
inflammatory agents [ 15 , 185 ]. The drugs of choice in the current sce- 
nario for the management of neurological pathologies include the in- 
hibitors of cholinergic mediators i.e ., AChE and NMDA [186–188] . 

Among these, tacrine, the 1 st of its kind AChE inhibitors, was dis- 
continued owing to the various adverse events including hepatotoxicity 
as well as drug intolerance after a long lasting or life-long prescriptions 
[ 15 , 189–191 ]. Therefore, different herbal formulations as well as their 
bioactive metabolites have gained worldwide attention to achieve de- 
sired therapeutic efficacy, safety and cost effectiveness in combating 
neurological disorders [15] . Similarly, B. aristata L. extracts have shown 
their neuro-modulatory effects in different experimental settings. 
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Fig. 4. Cartoon representation of overall phar- 
macological effects of B. aristata and its sec- 
ondary metabolites. 

Briefly, administration of B. aristata extract exhibited protective ef- 
fects against 6-OHDA-mediated Parkinson’s disease and ameliorated the 
behavioural pattern, increased the coordination of muscles, diminished 
rotation, lowered lipoperoxidative events, as well as augmented activ- 
ities of enzymatic antioxidants like SOD and CAT along with the non- 
enzymatic antioxidant (GSH) [192] . Moreover, treatment with barberry 
extract elevated the outward potassium current in brain cells, which 
further signifies its neuroprotective activity [193] . In another study, 
berberine administration resulted in neuroprotective effects in a mice 
model of traumatic brain injury and improved the learning as well as 
memory skills via suppression of MMP-3 and MMP-9 expression and 
amelioration of redox imbalance and inflammatory cascades. Berberine 
also inhibited the activity of AChE while triggered the choline acetyl- 
transferase functions [194] . In addition, a recent review summarized the 
neuromodulatory effects of berberine in different animal models and 
concluded that it protects against a wide range of neurological man- 
ifestations, particularly memory and learning impairments in case of 
AD, however, they do not found any clinical trial regarding the use of 
berberine in combating neurological disorders [195] . 

Administration of berberine showed ameliorative effects against dif- 
fuse axonal injury in rats and improved compromised learning and mem- 
ory skills via targeting inflammatory markers i.e ., TNF- 𝛼, IL-1 𝛽, MCP-1 
and the expression of NF- 𝜅B, Bax, and Cyt-C [196] . Apart from the role 
of distinct chemical entities in the progression of neurological ailments, 
heavy metals are also known to cause the onset of such disorders. Simi- 
larly, berberine significantly improved the cognitive behaviour in heavy 
metal-induced neurodegeneration rat model of AD as evident by Mor- 
ris water maze test and improvement of memory deficits. Treatment of 
berberine for 30 days post-AD induction also improved the inflamma- 
tory markers like TNF- 𝛼, IL-12, IL-6, IL-1 𝛽, COX-2, and TNF- 𝛼 converting 
enzyme. In-silico molecular modelling studies revealed that berberine 
strongly interacted within the active pocket of AChE and the activity 
and the tissue level expression of AChE was also suppressed in brain 
slices of rats. In addition, it also restricted the production of A 𝛽42 that 
is well reckoned to direct the accumulation of A 𝛽 plaques and stimulated 
the generation of A 𝛽40 possessing antioxidant potential [197] . 

To uncover the neuromodulatory effects of palmatine on depression- 
like symptoms, researchers first developed a stress-induced mice model 
of depression-like pathology via exposing them to mild stress. Follow- 
ing the twenty-one days of stress-challenge, subsequent treatment with 
palmatine for the same duration resulted in a marked amelioration of 
oxidative stress, corticosterone levels and immobility periods in stressed 
model comparable to reference drug, fluoxetine. However, the loco- 
motor activity was not affected by the administration of either of the 
drugs [198] . A recent study also evident the anti-depressive potential 
of palmatine in rats facing diabetic neuropathic pain and depression 

via down-regulation of hippocampal P2X 7 receptor and modulation of 
TNF- 𝛼 and IL-1 𝛽 secretion [199] . An analog of palmatine was shown to 
markedly restrict the aggregation of tau protein-derived aggregation- 
prone hexapeptide fragment (PHF6) via interacting its counterparts 
known for 𝛽-sheets conformation and also led to the disassembly of 
PHF6 aggregates and diminished amyloid levels [200] . 

Apart from the berberine and palmatine, jatrorrhizine also showed 
potent in-vitro AChE activity [201] . Furthermore, a report analysed the 
synergistic effects of berberine and palmatine against the AChE activ- 
ity and suggested their potential benefit in targeting AD pathologies 
[202] . These findings suggest that supplementation of B. aristata ex- 
tracts and its bioactive metabolites, alone or in combination with other 
neuroprotective agents, may be implied as promising therapeutic reg- 
imen in management of different neurological disorders, particularly, 
AD, Parkinson’s, and migraine. 

6. Conclusion 

The rising health concerns and public expectations regarding the 
safety and cost effectiveness of the currently available modern medicine 
have demanded the discovery of effective, safer and cheaper alternative 
treatment options, particularly to benefit LMICs. B. aristata is being used 
in traditional medicine system of India and China and the existence of 
distinct bioactive metabolites is believed to be the driving force behind 
its potential therapeutic effects against various health issues. The cur- 
rent review uncovered the recent updates regarding the implications 
of B. aristata and its potential bioactive secondary metabolites in tar- 
geting various acute and chronic diseases. These beneficial effects were 
achieved through the modulation of distinct pathways like PCSK-9/LDL- 
R/HMG-R pathway, TGF- 𝛽/Akt signaling, AChE/BChE/A 𝛽-axis, inflam- 
matory cascades, redox mediators (both enzymatic and non-enzymatic), 
Jak/STAT, ROS/Akt, NF- 𝜅B, and p-Akt/T-Akt/p-Erk/T-ERK/Bcl-2/Bax 
signaling in cancer ( Fig. 4 ). Further clinical studies are required to reach 
a conclusion about its promotion for public use aiming the management 
of different CDs and NCDs. 

Declaration of Competing Interest 

Authors declare that there is no conflict of interest. 

Acknowledgement 

The support from the DST, India to the Department of Biosciences 
under the FIST program is highly acknowledged. Dr. SS Alvi is highly 
indebted to the DHR, MoHFW, GOI for providing him the prestigious 

10 



F. Jahan, S.S. Alvi and M.H. Islam Pharmacological Research - Modern Chinese Medicine 5 (2022) 100184 

Young Scientist Fellowship (File No.: 12014/13/2019-HR). We also ac- 
knowledge the Integral University, Lucknow for providing the necessary 
research facilities. This article has acquired Integral University MCN 

(IU/R&D/2022-MCN0001697). 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi: 10.1016/j.prmcm.2022.100184 . 

References 

[1] J. Dieleman, M. Campbell, A. Chapin, E. Eldrenkamp, V.Y. Fan, A. Haakenstad, 
et al., Evolution and patterns of global health financing 1995–2014: develop- 
ment assistance for health, and government, prepaid private, and out-of-pocket 
health spending in 184 countries, Lancet N. Am. Ed. 389 (2017) 1981–2004, 
doi: 10.1016/S0140-6736(17)30874-7 . 

[2] C.G. Victora, J.H. Requejo, A.J.D. Barros, P. Berman, Z. Bhutta, T. Boerma, 
et al., Countdown to 2015: a decade of tracking progress for maternal, 
newborn, and child survival, Lancet N. Am. Ed. 387 (2016) 2049–2059, 
doi: 10.1016/S0140-6736(15)00519-X . 

[3] C.J.L. Murray, K.F. Ortblad, C. Guinovart, S.S. Lim, T.M. Wolock, D.A. Roberts, 
et al., Global, regional, and national incidence and mortality for HIV, tuberculosis, 
and malaria during 1990–2013: a systematic analysis for the Global Burden of Dis- 
ease Study 2013, Lancet 384 (2014) 1005, doi: 10.1016/S0140-6736(14)60844-8 . 

[4] M.E. Kruk, A.D. Gage, C. Arsenault, K. Jordan, H.H. Leslie, S. Roder- 
DeWan, et al., High-quality health systems in the sustainable development 
goals era: time for a revolution, Lancet Glob. Health 6 (2018) e1196–e1252, 
doi: 10.1016/S2214-109X(18)30386-3 . 

[5] B. Hu, H. Guo, P. Zhou, Z.L. Shi, Characteristics of SARS-CoV-2 and COVID-19, Nat. 
Rev. Microbiol. (2020), doi: 10.1038/s41579-020-00459-7 . 

[6] N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, et al., Epidemiological 
and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia 
in Wuhan, China: a descriptive study, Lancet N. Am. Ed. 395 (2020) 507–513, 
doi: 10.1016/S0140-6736(20)30211-7 . 

[7] G. Forni, A. Mantovani, G. Forni, A. Mantovani, L. Moretta, R. Rappuoli, et al., 
COVID-19 vaccines: where we stand and challenges ahead, Cell Death Differ. 28 
(2021) 626–639, doi: 10.1038/s41418-020-00720-9 . 

[8] P. Ahmad, S.S. Alvi, D. Iqbal, M.S. Khan, Insights into pharmacological mechanisms 
of polydatin in targeting risk factors-mediated atherosclerosis, Life Sci. 254 (2020) 
117756, doi: 10.1016/j.lfs.2020.117756 . 

[9] S.S. Alvi, I.A. Ansari, M.K. Ahmad, J. Iqbal, M.S. Khan, Lycopene amends LPS in- 
duced oxidative stress and hypertriglyceridemia via modulating PCSK-9 expres- 
sion and Apo-CIII mediated lipoprotein lipase activity, Biomed. Pharmacother. 96 
(2017) 1082–1093, doi: 10.1016/j.biopha.2017.11.116 . 

[10] S.S. Alvi, I.A. Ansari, I. Khan, J. Iqbal, M.S. Khan, Potential role of ly- 
copene in targeting proprotein convertase subtilisin/kexin type-9 to com- 
bat hypercholesterolemia, Free Radic. Biol. Med. 108 (2017) 394–403, 
doi: 10.1016/j.freeradbiomed.2017.04.012 . 

[11] R. Nabi, S.S. Alvi, M. Saeed, S. Ahmad, M.S. Khan, Glycation and HMG-CoA reduc- 
tase inhibitors: implication in diabetes and associated complications, Curr. Diabetes 
Rev. 15 (2019) 213–223, doi: 10.2174/1573399814666180924113442 . 

[12] R. Nabi, S.S. Alvi, A. Shah, C.P. Chaturvedi, M. Faisal, A.A. Alatar, et al., Ezetim- 
ibe attenuates experimental diabetes and renal pathologies via targeting the ad- 
vanced glycation, oxidative stress and AGE-RAGE signalling in rats, Arch. Physiol. 
Biochem. (2021) 1–16, doi: 10.1080/13813455.2021.1874996 . 

[13] R. Nabi, S.S. Alvi, S. Alouffi, S. Khan, A. Ahmad, M. Khan, et al., Ameliora- 
tion of neuropilin-1 and RAGE/matrix metalloproteinase-2 pathway-induced re- 
nal injury in diabetic rats by rosuvastatin, Arch. Biol. Sci. 73 (2021) 265–278, 
doi: 10.2298/ABS210316021N . 

[14] R. Lozano, M. Naghavi, K. Foreman, S. Lim, K. Shibuya, V. Aboyans, et al., Global 
and regional mortality from 235 causes of death for 20 age groups in 1990 and 
2010: a systematic analysis for the Global Burden of Disease Study 2010, Lancet 
N. Am. Ed. 380 (2012) 2095–2128, doi: 10.1016/S0140-6736(12)61728-0 . 

[15] S.S. Alvi, P. Ahmad, M. Ishrat, D. Iqbal, M.S. Khan, Secondary metabolites from 

rosemary(Rosmarinus officinalis L.): structure, biochemistry and therapeutic impli- 
cations against neurodegenerative diseases, Natural Bio-Active Compounds: Chem- 
istry, Pharmacology and Health Care Practices, 2, Springer, Singapore, 2019, pp. 1–
24, doi: 10.1007/978-981-13-7205-6_1 . 

[16] H. Jahanihashemi, M. Babaie, S. Bijani, M. Bazzazan, B. Bijani, Poverty as an in- 
dependent risk factor for in-hospital mortality in community-acquired pneumonia: 
a study in a developing country population, Int. J. Clin. Pract. 72 (2018) e13085, 
doi: 10.1111/IJCP.13085 . 

[17] C.M. Nguyen, M.P. Nguyen, The roles of social economic status and undernutrition 
in regional disparities of the under-five mortality rate in Vietnam, Trop. Med. Int. 
Health 25 (2020) 1362–1372, doi: 10.1111/TMI.13475 . 

[18] C. Ricci, J. Carboo, H. Asare, C.M. Smuts, R. Dolman, M. Lombard, Nutritional sta- 
tus as a central determinant of child mortality in sub-Saharan Africa: a quantitative 
conceptual framework, Matern. Child Nutr. 15 (2019), doi: 10.1111/MCN.12722 . 

[19] G.A. Tessema, C.O. Laurence, Y.A. Melaku, A. Misganaw, S.A. Woldie, A. Hiruye, 
et al., Trends and causes of maternal mortality in Ethiopia during 1990-2013: find- 
ings from the Global Burden of Diseases study 2013, BMC Public Health 17 (2017) 
1–8, doi: 10.1186/s12889-017-4071-8 . 

[20] S.S. Alvi, D. Iqbal, S. Ahmad, M.S. Khan, Molecular rationale delineating the role 
of lycopene as a potent HMG-CoA reductase inhibitor: in vitro and in silico study, 
Nat. Prod. Res. 30 (2016) 2111–2114, doi: 10.1080/14786419.2015.1108977 . 

[21] S.S. Alvi, I.A. Ansari, M.S. Khan, Pleiotropic role of lycopene in protecting various 
risk factors mediated atherosclerosis, Ann. Phytomed. 4 (2015) 54–60 . 

[22] G. Wang, Z. Liu, M. Li, Y. Li, S.S. Alvi, I.A. Ansari, et al., Ginkgolide B medi- 
ated alleviation of inflammatory cascades and altered lipid metabolism in HUVECs 
via targeting PCSK-9 expression and functionality, Biomed. Res. Int. 2019 (2019), 
doi: 10.1155/2019/7284767 . 

[23] F. Akhter, S.S. Alvi, P. Ahmad, D. Iqbal, B.M. Alshehri, M.S. Khan, Ther- 
apeutic efficacy of Boerhaavia diffusa (Linn.) root methanolic extract in at- 
tenuating streptozotocin-induced diabetes, diabetes-linked hyperlipidemia and 
oxidative-stress in rats, Biomed. Res. Ther. 6 (2019) 3293–3306, doi: 10.15419/bm- 
rat.v6i7.556 . 

[24] A. Hashim, S.S. Alvi, I.A. Ansari, M. Salman Khan, Phyllanthus virgatus forst ex- 
tract and it’s partially purified fraction ameliorates oxidative stress and retino- 
nephropathic architecture in streptozotocin-induced diabetic rats, Pak. J. Pharm. 
Sci. 32 (2019) 2697–2708, doi: 10.36721/PJPS.2019.32.6.REG.2697-2708.1 . 

[25] P. Ahmad, S.S. Alvi, J. Iqbal, M.S. Khan, Identification and evaluation of nat- 
ural organosulfur compounds as potential dual inhibitors of 𝛼-amylase and 𝛼- 
glucosidase activity: an in-silico and in-vitro approach, Med. Chem. Res. 30 (2021) 
2184–2202, doi: 10.1007/s00044-021-02799-2 . 

[26] P. Ahmad, S.S. Alvi, M. Salman Khan, Functioning of organosulfur compounds from 

garlic (allium sativum linn) in targeting risk factor-mediated atherosclerosis: a cross 
talk between alternative and modern medicine, Natural Bio-Active Compounds: 
Volume 1: Production and Applications, Springer, Singapore, 2019, pp. 561–585, 
doi: 10.1007/978-981-13-7154-7_20 . 

[27] R. Nabi, S.S. Alvi, M.S. Shah, S. Ahmad, M. Faisal, A.A. Alatar, et al., A 
biochemical & biophysical study on in-vitro anti-glycating potential of iridin 
against D-Ribose modified BSA, Arch. Biochem. Biophys. 686 (2020) 108373, 
doi: 10.1016/j.abb.2020.108373 . 

[28] N. Mokhber-Dezfuli, S. Saeidnia, A.R. Gohari, M. Kurepaz-Mahmoodabadi, Phyto- 
chemistry and pharmacology of berberis species, Pharmacogn. Rev. 8 (2014) 8, 
doi: 10.4103/0973-7847.125517 . 

[29] T. Belwal, A. Bisht, H.P. Devkota, H. Ullah, H. Khan, A. Pandey, et al., 
Phytopharmacology and clinical updates of berberis species against di- 
abetes and other metabolic diseases, Front. Pharmacol. 11 (2020) 41, 
doi: 10.3389/fphar.2020.00041 . 

[30] J. Singh, P. Kakkar, Antihyperglycemic and antioxidant effect of Berberis aristata 

root extract and its role in regulating carbohydrate metabolism in diabetic rats, J. 
Ethnopharmacol. 123 (2009) 22–26, doi: 10.1016/j.jep.2009.02.038 . 

[31] M.A. Bhutkar, S.D. Bhinge, D.S. Randive, G.H. Wadkar, Hypoglycemic effects of 
Berberis aristata and Tamarindus indica extracts in vitro , Bull. Fac. Pharm. Cairo 
Univ. 55 (2017) 91–94, doi: 10.1016/J.BFOPCU.2016.09.001 . 

[32] G. Derosa, A. D’Angelo, P. Maffioli, The role of a fixed Berberis aristata /Silybum 

marianum combination in the treatment of type 1 diabetes mellitus, Clin. Nutr. 35 
(2016) 1091–1095, doi: 10.1016/J.CLNU.2015.08.004 . 

[33] B. Roshanravan, S. Yousefizadeh, B. Apaydin Yildirim, T. Farkhondeh, 
A. Amirabadizadeh, M. Ashrafizadeh, et al., The effects of Berberis vul- 
garis L. and Berberis aristata L. in metabolic syndrome patients: a sys- 
tematic and meta-analysis study, Arch. Physiol. Biochem. (2020) 1–12, 
doi: 10.1080/13813455.2020.1828482 . 

[34] M.G. Lupo, C. Macchi, S. Marchianò, R. Cristofani, M.F. Greco, S. Dall’Acqua, 
et al., Differential effects of red yeast rice, Berberis aristata and Morus alba extracts 
on PCSK9 and LDL uptake, Nutr. Metab. Cardiovasc. Dis. 29 (2019) 1245–1253, 
doi: 10.1016/j.numecd.2019.06.001 . 

[35] P. Sengupta, S. Raman, R. Chowdhury, K. Lohitesh, H. Saini, S. Mukherjee, et al., 
Evaluation of apoptosis and autophagy inducing potential of Berberis aristata , 
Azadirachta indica, and their synergistic combinations in parental and resistant 
human osteosarcoma cells, Front. Oncol. 7 (2017), doi: 10.3389/fonc.2017.00296 . 

[36] H. Sood, Y. Kumar, V.K. Gupta, D.S. Arora, Scientific validation of the an- 
timicrobial and antiproliferative potential of Berberis aristata DC root bark, 
its phytoconstituents and their biosafety, AMB Express 9 (2019) 1–16, 
doi: 10.1186/s13568-019-0868-4 . 

[37] PV. Joshi, A.A. Shirkhedkar, K. Prakash, V.L. Maheshwari, Antidiarrheal activity, 
chemical and toxicity profile of Berberis aristata , Pharm. Biol. 49 (2011) 94–100, 
doi: 10.3109/13880209.2010.500295 . 

[38] R.N. Gacche, N.A. Dhole, Antioxidant and possible anti-inflammatory potential of 
selected medicinal plants prescribed in the Indian traditional system of medicine, 
Pharm. Biol. 44 (2006) 389–395, doi: 10.1080/13880200600751691 . 

[39] R. Kumar, Y.K. Gupta, S. Singh, Anti-inflammatory and anti-granuloma activity of 
Berberis aristata DC. in experimental models of inflammation, Indian J. Pharmacol. 
48 (2016) 155–161, doi: 10.4103/0253-7613.178831 . 

[40] Z. Wang, J. Wang, P. Chan, Treating type 2 diabetes mellitus with traditional 
chinese and indian medicinal herbs, Evid. Based Complement. Altern. Med. 2013 
(2013), doi: 10.1155/2013/343594 . 

[41] Y. Gao, F. Wang, Y. Song, H. Liu, The status of and trends in the pharmacology of 
berberine: a bibliometric review [1985-2018], Chin. Med. 15 (2020) 1–13 (United 
Kingdom), doi: 10.1186/s13020-020-0288-z . 

[42] B. Pang, L.H. Zhao, Q. Zhou, T.Y. Zhao, H. Wang, C.J. Gu, et al., Application of 
berberine on treating type 2 diabetes mellitus, Int. J. Endocrinol. 2015 (2015), 
doi: 10.1155/2015/905749 . 

[43] Y. Gao, Y. Dong, Q. Guo, H. Wang, M. Feng, Z. Yan, et al., Study on 
supramolecules in traditional chinese medicine decoction, Molecules 27 (2022), 
doi: 10.3390/molecules27103268 . 

[44] B. Salehi, Z. Selamoglu, B. Sener, M. Kilic, A.K. Jugran, N. De Tommasi, et al., 

11 

https://doi.org/10.1016/j.prmcm.2022.100184
https://doi.org/10.1016/S0140-6736(17)30874-7
https://doi.org/10.1016/S0140-6736(15)00519-X
https://doi.org/10.1016/S0140-6736(14)60844-8
https://doi.org/10.1016/S2214-109X(18)30386-3
https://doi.org/10.1038/s41579-020-00459-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1038/s41418-020-00720-9
https://doi.org/10.1016/j.lfs.2020.117756
https://doi.org/10.1016/j.biopha.2017.11.116
https://doi.org/10.1016/j.freeradbiomed.2017.04.012
https://doi.org/10.2174/1573399814666180924113442
https://doi.org/10.1080/13813455.2021.1874996
https://doi.org/10.2298/ABS210316021N
https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.1007/978-981-13-7205-6_1
https://doi.org/10.1111/IJCP.13085
https://doi.org/10.1111/TMI.13475
https://doi.org/10.1111/MCN.12722
https://doi.org/10.1186/s12889-017-4071-8
https://doi.org/10.1080/14786419.2015.1108977
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0021
https://doi.org/10.1155/2019/7284767
https://doi.org/10.15419/bmrat.v6i7.556
https://doi.org/10.36721/PJPS.2019.32.6.REG.2697-2708.1
https://doi.org/10.1007/s00044-021-02799-2
https://doi.org/10.1007/978-981-13-7154-7_20
https://doi.org/10.1016/j.abb.2020.108373
https://doi.org/10.4103/0973-7847.125517
https://doi.org/10.3389/fphar.2020.00041
https://doi.org/10.1016/j.jep.2009.02.038
https://doi.org/10.1016/J.BFOPCU.2016.09.001
https://doi.org/10.1016/J.CLNU.2015.08.004
https://doi.org/10.1080/13813455.2020.1828482
https://doi.org/10.1016/j.numecd.2019.06.001
https://doi.org/10.3389/fonc.2017.00296
https://doi.org/10.1186/s13568-019-0868-4
https://doi.org/10.3109/13880209.2010.500295
https://doi.org/10.1080/13880200600751691
https://doi.org/10.4103/0253-7613.178831
https://doi.org/10.1155/2013/343594
https://doi.org/10.1186/s13020-020-0288-z
https://doi.org/10.1155/2015/905749
https://doi.org/10.3390/molecules27103268


F. Jahan, S.S. Alvi and M.H. Islam Pharmacological Research - Modern Chinese Medicine 5 (2022) 100184 

Berberis plants-drifting from farm to food applications, phytotherapy, and phy- 
topharmacology, Foods 8 (2019), doi: 10.3390/foods8100522 . 

[45] D. Potdar, R.R. Hirwani, S. Dhulap, Phyto-chemical and pharmacolog- 
ical applications of Berberis aristata , Fitoterapia 83 (2012) 817–830, 
doi: 10.1016/j.fitote.2012.04.012 . 

[46] R. Singh, C. Katiyar, A. Pasrija, Validated HPLC-UV method for the determination 
of berberine in raw herb Daruharidra ( Berberis aristata DC), its extract, and in com- 
mercially marketed ayurvedic dosage forms, Int. J. Ayurveda Res. 1 (2010) 243, 
doi: 10.4103/0974-7788.76789 . 

[47] P.C. Phondani, R.K. Maikhuri, L.S. Rawat, N.A. Farooquee, C.P. Kala, S.C.R. Vish- 
vakarma, et al., Ethnobotanical uses of plants among the Bhotiya tribal communi- 
ties of niti valley in central Himalaya, India, Ethnobot. Res. Appl. 8 (2010) 233–
244, doi: 10.17348/era.8.0.233-244 . 

[48] J.H. Keet, D.D. Cindi, P.J. du Preez, Assessing the invasiveness of Berberis 

aristata and B. julianae (Berberidaceae) in South Africa: management op- 
tions and legal recommendations, S. Afr. J. Bot. 105 (2016) 288–298, 
doi: 10.1016/j.sajb.2016.04.012 . 

[49] S. Srivastava, A.K.S. Rawat, Quality evaluation of Ayurvedic crude drug 
Daruharidra, its allied species, and commercial samples from herbal drug 
markets of India, Evid. Based Complement. Altern. Med. 2013 (2013), 
doi: 10.1155/2013/472973 . 

[50] D.K. Patel, K. Patel, S.P. Dhanabal, Standardization of Berberis aristata extract 
through conventional and modern HPTLC techniques, Asian Pac. J. Trop. Dis. 2 
(2012) S136–S140, doi: 10.1016/S2222-1808(12)60139-X . 

[51] M. Mazhar, S.S. Agrawal, Standardization of Berberis aristata DC and Nigella 
sativa L. using HPTLC and GCMS and their antineoplasia activity in 7,12- 
dimethylbenz[a]anthracene-induced mouse models, Front. Pharmacol. 12 (2021) 
2089, doi: 10.3389/fphar.2021.642067 . 

[52] H. Wu, K. He, Y. Wang, D. Xue, N. Ning, Z. Zou, et al., The antihypercholesterolemic 
effect of jatrorrhizine isolated from Rhizoma Coptidis, Phytomedicine 21 (2014) 
1373–1381, doi: 10.1016/j.phymed.2014.05.002 . 

[53] S.Z. Kamrani Rad, M. Rameshrad, H. Hosseinzadeh, Toxicology effects of berberis 
vulgaris (Barberry) and its active constituent, berberine: a review, Iran. J. Basic 
Med. Sci. 20 (2017) 516–529, doi: 10.22038/ijbms.2017.8676 . 

[54] J. Yi, X. Ye, D. Wang, K. He, Y. Yang, X. Liu, et al., Safety evaluation of 
main alkaloids from Rhizoma Coptidis, J. Ethnopharmacol. 145 (2013) 303–310, 
doi: 10.1016/J.JEP.2012.10.062 . 

[55] S. Ahmad, R. Nabi, S.S. Alvi, M. Khan, S. Khan, M.Y. Khan, et al., Carvacrol protects 
against carbonyl osmolyte-induced structural modifications and aggregation to 
serum albumin: Insights from physicochemical and molecular interaction studies, 
Int. J. Biol. Macromol. 213 (2022) 663–674, doi: 10.1016/j.ijbiomac.2022.05.198 . 

[56] S.S. Alvi, R. Nabi, M.S. Khan, F. Akhter, S. Ahmad, M.S. Khan, Glycyrrhizic acid 
scavenges reactive carbonyl species and attenuates glycation-induced multiple pro- 
tein modification: an in vitro and in silico study, Oxid. Med. Cell. Longev. 2021 
(2021) 1–14, doi: 10.1155/2021/7086951 . 

[57] R. Nabi, S.S. Alvi, A. Shah, C.P. Chaturvedi, D. Iqbal, S. Ahmad, et al., Modulatory 
role of HMG-CoA reductase inhibitors and ezetimibe on LDL-AGEs-induced ROS 
generation and RAGE-associated signalling in HEK-293 Cells, Life Sci. 235 (2019) 
116823, doi: 10.1016/j.lfs.2019.116823 . 

[58] R. Kumar, V. Nair, Y.K. Gupta, S. Singh, S. Arunraja, Berberis aristata ameliorates 
adjuvant-induced arthritis by inhibition of NF- 𝜅B and activating nuclear factor-E2- 
related factor 2/hem OXYGENASE (HO)-1 signaling pathway, Immunol. Investig. 
45 (2016) 473–489, doi: 10.3109/08820139.2016.1172638 . 

[59] W. Zhuang, T. Li, C. Wang, X. Shi, Y. Li, S. Zhang, et al., Berber- 
ine exerts antioxidant effects via protection of spiral ganglion cells against 
cytomegalovirus-induced apoptosis, Free Radic. Biol. Med. 121 (2018) 127–135, 
doi: 10.1016/J.FREERADBIOMED.2018.04.575 . 

[60] Z. Li, Y.N. Geng, J.D. Jiang, W.J. Kong, Antioxidant and anti-inflammatory activ- 
ities of Berberine in the treatment of diabetes mellitus, Evid. Based Complement. 
Altern. Med. 2014 (2014), doi: 10.1155/2014/289264 . 

[61] A. Ezabadi, M. Peeri, M.A. Azarbayjani, S.A. Hosseini, The effects of resistance 
training and berberine chloride supplementation on oxidative stress markers in the 
cerebellum tissue of diazinon-poisoned rats, Middle East J. Rehabil. Health Stud. 6 
(3) (2019) 6 2019, doi: 10.5812/MEJRH.92870 . 

[62] T. Lao-Ong, W. Chatuphonprasert, N. Nemoto, K. Jarukamjorn, Alteration of hep- 
atic glutathione peroxidase and superoxide dismutase expression in streptozotocin- 
induced diabetic mice by berberine, Pharm. Biol. 50 (2012) 1007–1012, 
doi: 10.3109/13880209.2012.655377 . 

[63] M. Zych, W. Wojnar, M. Kielanowska, J. Folwarczna, Kaczmarczyk-sedlak I. Effect 
of berberine on glycation, aldose reductase activity, and oxidative stress in the 
lenses of streptozotocin-induced diabetic rats in vivo- a preliminary study, Int. J. 
Mol. Sci. 21 (2020) 1–19, doi: 10.3390/ijms21124278 . 

[64] P. Hasanein, M. Ghafari-Vahed, I. Khodadadi, Effects of isoquinoline alka- 
loid berberine on lipid peroxidation, antioxidant defense system, and liver 
damage induced by lead acetate in rats, Redox Rep. 22 (2017) 42–50, 
doi: 10.1080/13510002.2016.1140406 . 

[65] A. Sharma, S.K. Anand, N. Singh, U.N. Dwivedi, P. Kakkar, Berbamine induced 
AMPK activation regulates mTOR/SREBP-1c axis and Nrf2/ARE pathway to allay 
lipid accumulation and oxidative stress in steatotic HepG2 cells, Eur. J. Pharmacol. 
882 (2020) 173244, doi: 10.1016/j.ejphar.2020.173244 . 

[66] S. Saranya, R. Baskaran, P. Poornima, V. Vijaya Padma, Berbamine amelio- 
rates isoproterenol-induced myocardial infarction by inhibiting mitochondrial 
dysfunction and apoptosis in rats, J. Cell. Biochem. 120 (2019) 3101–3113, 
doi: 10.1002/jcb.27522 . 

[67] W. Jia, Q. Su, Q. Cheng, Q. Peng, A. Qiao, X. Luo, et al., Neuroprotective effects of 
palmatine via the enhancement of antioxidant defense and small heat shock protein 

expression in A 𝛽-transgenic caenorhabditis elegans, Oxid. Med. Cell. Longev. 2021 
(2021) 1–18, doi: 10.1155/2021/9966223 . 

[68] S. Ogechi Ekeuku, P. Nwabueze Okechukwu, G. Akyirem Akowoah, T. Swee Sen, 
S. Namatama Siyumbwa, G. Ruth Anisah Froemming, Plasma glucose lowering ac- 
tivity of palmatine and its effect on liver, kidney and antioxidant enzymes param- 
eters in STZ induced diabetic rat model, Curr. Bioact. Compd. 11 (2015) 256–263, 
doi: 10.2174/1573407212666151105185802 . 

[69] C.R. Zhang, R.E. Schutzki, M.G. Nair, Antioxidant and anti-inflammatory com- 
pounds in the popular landscape plant Berberis thunbergii var. atropurpurea, Nat. 
Prod. Commun. 8 (2013) 165–168, doi: 10.1177/1934578x1300800207 . 

[70] C. Li, G. Ai, Y. Wang, Q. Lu, C. Luo, L. Tan, et al., Oxyberberine, a 
novel gut microbiota-mediated metabolite of berberine, possesses superior 
anti-colitis effect: Impact on intestinal epithelial barrier, gut microbiota pro- 
file and TLR4-MyD88-NF- 𝜅B pathway, Pharmacol. Res. 152 (2020) 104603, 
doi: 10.1016/j.phrs.2019.104603 . 

[71] W.K. Ma, H. Li, C.L. Dong, X. He, C.R. Guo, C.F. Zhang, et al., Palma- 
tine from Mahonia bealei attenuates gut tumorigenesis in ApcMin/ + mice via 
inhibition of inflammatory cytokines, Mol. Med. Rep. 14 (2016) 491–498, 
doi: 10.3892/mmr.2016.5285 . 

[72] B. Yan, D. Wang, S. Dong, Z. Cheng, L. Na, M. Sang, et al., Palmatine in- 
hibits TRIF-dependent NF- 𝜅B pathway against inflammation induced by LPS in 
goat endometrial epithelial cells, Int. Immunopharmacol. 45 (2017) 194–200, 
doi: 10.1016/j.intimp.2017.02.004 . 

[73] D. Tarabasz, K.K.W. Palmatine, A review of pharmacological properties and phar- 
macokinetics, Phytother. Res. 34 (2020) 33–50, doi: 10.1002/ptr.6504 . 

[74] X.J. Jia, X. Li, F. Wang, H.Q. Liu, D.J. Zhang, Y. Chen, Berbamine exerts anti- 
inflammatory effects via inhibition of NF- 𝜅B and MAPK signaling pathways, Cell. 
Physiol. Biochem. 41 (2017) 2307–2318, doi: 10.1159/000475650 . 

[75] X.Y. Liu, G.N. Chen, G.M. Du, Y. Pan, W.Q. Song, T.W. Jiang, et al., Berbamine ame- 
liorates ethanol-induced liver injury by inhibition of hepatic inflammation in mice, 
Chin. J. Nat. Med. 18 (2020) 186–195, doi: 10.1016/S1875-5364(20)30020-0 . 

[76] N.H. Cho, J.E. Shaw, S. Karuranga, Y. Huang, J.D. da Rocha Fernandes, 
A.W. Ohlrogge, et al., IDF Diabetes Atlas: Global estimates of diabetes prevalence 
for 2017 and projections for 2045, Diabetes Res. Clin. Pract. 138 (2018) 271–281, 
doi: 10.1016/j.diabres.2018.02.023 . 

[77] P. Saeedi, P. Salpea, S. Karuranga, I. Petersohn, B. Malanda, E.W. Gregg, et al., 
Mortality attributable to diabetes in 20–79 years old adults, 2019 estimates: results 
from the International Diabetes Federation Diabetes Atlas, 9th edition, Diabetes 
Res. Clin. Pract. 162 (2020) 108086, doi: 10.1016/j.diabres.2020.108086 . 

[78] Y. Gu, Y. Zhang, X. Shi, X. Li, J. Hong, J. Chen, et al., Effect of traditional Chinese 
medicine berberine on type 2 diabetes based on comprehensive metabonomics, 
Talanta 81 (2010) 766–772, doi: 10.1016/j.talanta.2010.01.015 . 

[79] F. di Pierro, N. Villanova, F. Agostini, R. Marzocchi, V. Soverini, G. Marchesini, 
Pilot study on the additive effects of berberine and oral type 2 diabetes agents for 
patients with suboptimal glycemic control, Diabetes Metab. Syndr. Obes. 5 (2012) 
213–217, doi: 10.2147/dmso.s33718 . 

[80] G. Derosa, A. Bonaventura, L. Bianchi, D. Romano, A. D’angelo, E. Fogari, et al., 
Berberis aristata /Silybum marianum fixed combination on lipid profile and insulin 
secretion in dyslipidemic patients, Expert Opin. Biol. Ther. 13 (2013) 1495–1506, 
doi: 10.1517/14712598.2013.832751 . 

[81] J. Zhou, S. Zhou, J. Tang, K. Zhang, L. Guang, Y. Huang, et al., Protective ef- 
fect of berberine on beta cells in streptozotocin- and high-carbohydrate/high- 
fat diet-induced diabetic rats, Eur. J. Pharmacol. 606 (2009) 262–268, 
doi: 10.1016/j.ejphar.2008.12.056 . 

[82] B. Semwal, J. Gupta, S. Singh, Y. Kumar, M. Giri, Antihyperglycemic activity of 
root of Berberis aristata D.C. in alloxan-induced diabetic rats, Int. J. Green Pharm. 
3 (2009) 259–262, doi: 10.4103/0973-8258.56288 . 

[83] Z. Moazezi, D. Qujeq, Berberis fruit extract and biochemical parameters in pa- 
tients with type II diabetes, Jundishapur J. Nat. Pharm. Prod. 9 (2014) 13490, 
doi: 10.17795/jjnpp-13490 . 

[84] I. Tintu, KV. Dileep, A. Augustine, C. Sadasivan, An isoquinoline alka- 
loid, berberine, can inhibit fungal alpha amylase: enzyme kinetic and 
molecular modeling studies, Chem. Biol. Drug Des. 80 (2012) 554–560, 
doi: 10.1111/j.1747-0285.2012.01426.x . 

[85] J. Yin, H. Xing, J. Ye, Efficacy of berberine in patients with type 2 diabetes mellitus, 
Metabolism 57 (2008) 712–717, doi: 10.1016/j.metabol.2008.01.013 . 

[86] S. Chandrasekaran, N. Ramajayam, P. Pachaiappan, Ameliorating effect of 
berbamine on hepatic key enzymes of carbohydrate metabolism in high-fat diet 
and streptozotocin induced type 2 diabetic rats, Biomed. Pharmacother. 103 (2018) 
539–545, doi: 10.1016/j.biopha.2018.04.066 . 

[87] M.B. Patel, S. Mishra, Hypoglycemic activity of alkaloidal frac- 
tion of Tinospora cordifolia, Phytomedicine 18 (2011) 1045–1052, 
doi: 10.1016/j.phymed.2011.05.006 . 

[88] Y. Tang, S. Li, S. Li, X. Yang, Y. Qin, C. Liu, et al., Screening and isolating po- 
tential 𝛼-glucosidase inhibitors from Rhizoma Coptidis by ultrafiltration LC-PDA- 
ESI/MS combined with high-speed countercurrent chromatography and reverse- 
phase medium-pressure liquid chromatography, Med. Chem. Res. 26 (2017) 3384–
3394, doi: 10.1007/s00044-017-2031-6 . 

[89] M.K. Sangeetha, C.D.M. Priya, H.R. Vasanthi, Anti-diabetic property of 
Tinospora cordifolia and its active compound is mediated through the ex- 
pression of Glut-4 in L6 myotubes, Phytomedicine 20 (2013) 246–248, 
doi: 10.1016/j.phymed.2012.11.006 . 

[90] N.G. Zaorsky, T.M. Churilla, B.L. Egleston, S.G. Fisher, J.A. Ridge, E.M. Horwitz, 
et al., Causes of death among cancer patients, Ann. Oncol. 28 (2017) 400–407, 
doi: 10.1093/annonc/mdw604 . 

[91] S. Ahmad, C.K. Katiyar, G.S. Ulrich-Merzenich, P.K. Mukherjee, Editorial: 

12 

https://doi.org/10.3390/foods8100522
https://doi.org/10.1016/j.fitote.2012.04.012
https://doi.org/10.4103/0974-7788.76789
https://doi.org/10.17348/era.8.0.233-244
https://doi.org/10.1016/j.sajb.2016.04.012
https://doi.org/10.1155/2013/472973
https://doi.org/10.1016/S2222-1808(12)60139-X
https://doi.org/10.3389/fphar.2021.642067
https://doi.org/10.1016/j.phymed.2014.05.002
https://doi.org/10.22038/ijbms.2017.8676
https://doi.org/10.1016/J.JEP.2012.10.062
https://doi.org/10.1016/j.ijbiomac.2022.05.198
https://doi.org/10.1155/2021/7086951
https://doi.org/10.1016/j.lfs.2019.116823
https://doi.org/10.3109/08820139.2016.1172638
https://doi.org/10.1016/J.FREERADBIOMED.2018.04.575
https://doi.org/10.1155/2014/289264
https://doi.org/10.5812/MEJRH.92870
https://doi.org/10.3109/13880209.2012.655377
https://doi.org/10.3390/ijms21124278
https://doi.org/10.1080/13510002.2016.1140406
https://doi.org/10.1016/j.ejphar.2020.173244
https://doi.org/10.1002/jcb.27522
https://doi.org/10.1155/2021/9966223
https://doi.org/10.2174/1573407212666151105185802
https://doi.org/10.1177/1934578x1300800207
https://doi.org/10.1016/j.phrs.2019.104603
https://doi.org/10.3892/mmr.2016.5285
https://doi.org/10.1016/j.intimp.2017.02.004
https://doi.org/10.1002/ptr.6504
https://doi.org/10.1159/000475650
https://doi.org/10.1016/S1875-5364(20)30020-0
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1016/j.diabres.2020.108086
https://doi.org/10.1016/j.talanta.2010.01.015
https://doi.org/10.2147/dmso.s33718
https://doi.org/10.1517/14712598.2013.832751
https://doi.org/10.1016/j.ejphar.2008.12.056
https://doi.org/10.4103/0973-8258.56288
https://doi.org/10.17795/jjnpp-13490
https://doi.org/10.1111/j.1747-0285.2012.01426.x
https://doi.org/10.1016/j.metabol.2008.01.013
https://doi.org/10.1016/j.biopha.2018.04.066
https://doi.org/10.1016/j.phymed.2011.05.006
https://doi.org/10.1007/s00044-017-2031-6
https://doi.org/10.1016/j.phymed.2012.11.006
https://doi.org/10.1093/annonc/mdw604


F. Jahan, S.S. Alvi and M.H. Islam Pharmacological Research - Modern Chinese Medicine 5 (2022) 100184 

metabolomics and ethnopharmacology in the development of herbal and tradi- 
tional medicine, Front. Pharmacol. 13 (2022) 31, doi: 10.3389/fphar.2022.851023 . 

[92] K.S.R. Pai, P. Srilatha, K. Suryakant, M.M. Setty, P.G. Nayak, C.M. Rao, 
et al., Anticancer activity of Berberis aristata in Ehrlich ascites carcinoma- 
bearing mice: a preliminary study, Pharm. Biol. 50 (2012) 270–277, 
doi: 10.3109/13880209.2011.599035 . 

[93] S. Hu, R. Zhao, Y. Liu, J. Chen, Z. Zheng, S. Wang, Preventive and therapeu- 
tic roles of berberine in gastrointestinal cancers, Biomed. Res. Int. 2019 (2019), 
doi: 10.1155/2019/6831520 . 

[94] C. Zhang, J. Sheng, G. Li, L. Zhao, Y. Wang, W. Yang, et al., Effects of berberine 
and its derivatives on cancer: a systems pharmacology review, Front. Pharmacol. 
10 (2020) 1461, doi: 10.3389/fphar.2019.01461 . 

[95] J. Xu, Y. Long, L. Ni, X. Yuan, N. Yu, R. Wu, et al., Anticancer effect of berberine 
based on experimental animal models of various cancers: a systematic review and 
meta-analysis, BMC Cancer 19 (2019), doi: 10.1186/s12885-019-5791-1 . 

[96] S.H. Park, J.H. Sung, E.J. Kim, N. Chung, Berberine induces apoptosis via ROS 
generation in PANC-1 and MIA-PaCa2 pancreatic cell lines, Braz. J. Med. Biol. Res. 
48 (2015) 111–119, doi: 10.1590/1414-431X20144293 . 

[97] S.M. Akula, S. Candido, M. Libra, S.L. Abrams, L.S. Steelman, K. Lertpiriyapong, 
et al., Abilities of berberine and chemically modified berberines to interact with 
metformin and inhibit proliferation of pancreatic cancer cells, Adv. Biol. Regul. 73 
(2019), doi: 10.1016/j.jbior.2019.04.003 . 

[98] K. Ren, W. Zhang, G. Wu, J. Ren, H. Lu, Z. Li, et al., Synergistic anti-cancer effects 
of galangin and berberine through apoptosis induction and proliferation inhibi- 
tion in oesophageal carcinoma cells, Biomed. Pharmacother. 84 (2016) 1748–1759, 
doi: 10.1016/j.biopha.2016.10.111 . 

[99] S.H. Eo, J.H. Kim, S.J. Kim, Induction of G2/M arrest by berberine via activation 
of PI3K/Akt and p38 in human chondrosarcoma cell line, Oncol. Res. 22 (2014) 
147–157, doi: 10.3727/096504015X14298122915583 . 

[100] M.A. Anwar, S. Tabassam, M. Gulfraz, M. Sheeraz Ahmad, G.K. Raja, M. Arshad, 
Isolation of oxyberberine and 𝛽-sitosterol from berberis lycium royle root bark ex- 
tract and in vitro cytotoxicity against liver and lung cancer cell lines, Evid. Based 
Complement. Altern. Med. 2020 (2020), doi: 10.1155/2020/2596082 . 

[101] Y. Cao, J. Cao, B. Yu, S. Wang, L. Liu, L. Tao, et al., Berbamine induces SMMC- 
7721 cell apoptosis via upregulating p53, downregulating survivin expression and 
activating mitochondria signaling pathway, Exp. Ther. Med. 15 (2018) 1894–1901, 
doi: 10.3892/etm.2017.5637 . 

[102] G.Y. Wang, Q.H. Lv, Q. Dong, R.Z. Xu, Q.H. Dong, Berbamine induces fas- 
mediated apoptosis in human hepatocellular carcinoma hepG2 cells and inhibits 
its tumor growth in nude mice, J. Asian Nat. Prod. Res. 11 (2009) 219–228, 
doi: 10.1080/10286020802675076 . 

[103] P. Parhi, S. Suklabaidya, S.K. Sahoo, Enhanced anti-metastatic and anti- 
tumorigenic efficacy of Berbamine loaded lipid nanoparticles in vivo , Sci. Rep. 7 
(2017), doi: 10.1038/s41598-017-05296-y . 

[104] S. Wang, Q. Liu, Y. Zhang, K. Liu, P. Yu, K. Liu, et al., Suppression of 
growth, migration and invasion of highly-metastatic human breast cancer cells 
by berbamine and its molecular mechanisms of action, Mol. Cancer 8 (2009) 81, 
doi: 10.1186/1476-4598-8-81 . 

[105] H. Duan, J. Luan, Q. Liu, K. Yagasaki, G. Zhang, Suppression of human lung can- 
cer cell growth and migration by berbamine, Cytotechnology 62 (2010) 341–348, 
doi: 10.1007/s10616-009-9240-x . 

[106] H. Zhang, T. Zhu, R. Fu, Y. Peng, P. Jing, W. Xu, et al., Combination 
of detoxified pneumolysin derivative ΔA146Ply and berbamine as a treat- 
ment approach for breast cancer, Mol. Ther. Oncolytics 18 (2020) 247–261, 
doi: 10.1016/j.omto.2020.06.015 . 

[107] J. Wu, X. Bu, L. Dou, L. Fang, Q. Shen, Co-delivery of docetaxel and berbamine 
by chitosan/sulfobutylether-cyclodextrin nanoparticles for enhancing bioavailabil- 
ity and anticancer activities, J. Biomed. Nanotechnol. 11 (2015) 1847–1857, 
doi: 10.1166/jbn.2015.2110 . 

[108] H. Liang, L. Mou, B. Liang, G. Liu, J. Jiang, J. Liu, et al., Berbamine exerts anticancer 
effects on human colon cancer cells via induction of autophagy and apoptosis, in- 
hibition of cell migration and MEK/ERK signalling pathway, J. BUON 24 (2019) 
1870–1875 . 

[109] H. Zhang, Y. Jiao, C. Shi, X. Song, Y. Chang, Y. Ren, et al., Berbamine sup- 
presses cell viability and induces apoptosis in colorectal cancer via activating 
p53-dependent apoptotic signaling pathway, Cytotechnology 70 (2018) 321–329, 
doi: 10.1007/s10616-017-0146-8 . 

[110] F. Yang, S. Nam, C.E. Brown, R. Zhao, R. Starr, D.A. Horne, et al., A novel berbamine 
derivative inhibits cell viability and induces apoptosis in cancer stem-like cells of 
human glioblastoma, via up-regulation of miRNA-4284 and JNK/AP-1 signaling, 
PLoS One 9 (2014) e94443, doi: 10.1371/journal.pone.0094443 . 

[111] F. Jia, S. Ruan, N. Liu, L. Fu, Synergistic antitumor effects of berbamine and pacli- 
taxel through ROS/Akt pathway in glioma cells, Evid. Based Complement. Altern. 
Med. 2017 (2017), doi: 10.1155/2017/8152526 . 

[112] H. Zhu, S. Ruan, F. Jia, J. Chu, Y. Zhu, Y. Huang, et al., In vitro and in vivo superior 
radiosensitizing effect of berbamine for head and neck squamous cell carcinoma, 
Onco Targets Ther. 11 (2018) 8117–8125, doi: 10.2147/OTT.S171212 . 

[113] H. Zhang, Y. Jiao, C. Shi, X. Song, Y. Chang, Y. Ren, et al., Berbamine suppresses 
cell proliferation and promotes apoptosis in ovarian cancer partially via the inhi- 
bition of Wnt/ 𝛽-catenin signaling, Acta Biochim. Biophy. Sin. 50 (2018) 532–539, 
doi: 10.1093/abbs/gmy036 . 

[114] B. Hu, H. Cai, S. Yang, J. Tu, X. Huang, G. Chen, Berbamine enhances the efficacy 
of gefitinib by suppressing STAT3 signaling in pancreatic cancer cells, Onco Targets 
Ther. 12 (2019) 11437–11451, doi: 10.2147/OTT.S223242 . 

[115] F. Yang, S. Nam, R. Zhao, Y. Tian, L. Liu, D.A. Horne, et al., A novel synthetic deriva- 
tive of the natural product berbamine inhibits cell viability and induces apoptosis 

of human osteosarcoma cells, associated with activation of JNK/AP-1 signaling, 
Cancer Biol. Ther. 14 (2013) 1024–1031, doi: 10.4161/cbt.26045 . 

[116] W. Li, Y. Li, W. Tian, X. Han, J. Zhao, Z. Xin, et al., 2-methylbenzoyl berbamine, 
a multi-targeted inhibitor, suppresses the growth of human osteosarcoma through 
disabling NF- 𝜅B, ERK and AKT signaling networks, Aging 12 (2020) 15037–15049, 
doi: 10.18632/aging.103565 . 

[117] M. Waiz, S.S. Alvi, M.S. Khan, Potential dual inhibitors of PCSK-9 and HMG-R 
from natural sources in cardiovascular risk management, EXCLI J. 21 (2022) 47–
76, doi: 10.17179/EXCLI2021-4453 . 

[118] R. Nabi, S.S. Alvi, R.H. Khan, S. Ahmad, S. Ahmad, M.S. Khan, Antigly- 
cation study of HMG-R inhibitors and tocotrienol against glycated BSA and 
LDL: a comparative study, Int. J. Biol. Macromol. 116 (2018) 983–992, 
doi: 10.1016/j.ijbiomac.2018.05.115 . 

[119] F.A. Razzaq, R. Alam Khan, Z. Feroz, S. Afroz, Effect of Berberis aristata on lipid 
profile and coagulation parameters, Afr. J. Pharm. Pharmacol. 5 (2011) 943–947, 
doi: 10.5897/AJPP10.322 . 

[120] G. Derosa, D. Romano, A. D’Angelo, P. Maffioli, Berberis aristata combined with 
Silybum marianum on lipid profile in patients not tolerating statins at high doses, 
Atherosclerosis 239 (2015) 87–92, doi: 10.1016/j.atherosclerosis.2014.12.043 . 

[121] Han B., Kou S., He K., Han Y., Wang Y., Huang T., et al. Anti-hypercholesterolemic 
effect of berbamine isolated from rhizoma coptidis in hypercholesterolemic ze- 
brafish induced by high-cholesterol diet. vol. 17. 2018. 

[122] X. Feng, A. Sureda, S. Jafari, Z. Memariani, D. Tewari, G. Annunziata, et al., Berber- 
ine in cardiovascular and metabolic diseases: from mechanisms to therapeutics, 
Theranostics 9 (2019) 1923–1951, doi: 10.7150/thno.30787 . 

[123] J. Cameron, T. Ranheim, M.A. Kulseth, T.P. Leren, K.E. Berge, Berberine de- 
creases PCSK9 expression in HepG2 cells, Atherosclerosis 201 (2008) 266–273, 
doi: 10.1016/j.atherosclerosis.2008.02.004 . 

[124] B. Dong, H. Li, A.B. Singh, A. Cao, J. Liu, Inhibition of PCSK9 transcription by 
Berberine involves down-regulation of hepatic HNF1 𝛼 protein expression through 
the ubiquitin-proteasome degradation pathway, J. Biol. Chem. 290 (2015) 4047–
4058, doi: 10.1074/jbc.M114.597229 . 

[125] K. He, Y. Hu, H. Ma, Z. Zou, Y. Xiao, Y. Yang, et al., Rhizoma Coptidis alka- 
loids alleviate hyperlipidemia in B6 mice by modulating gut microbiota and bile 
acid pathways, Biochim. Biophys. Acta Mol. Basis Dis. 1862 (2016) 1696–1709, 
doi: 10.1016/j.bbadis.2016.06.006 . 

[126] N. Ning, K. He, Y. Wang, Z. Zou, H. Wu, X. Li, et al., Hypolipidemic effect and mech- 
anism of palmatine from Coptis chinensis in hamsters fed high-fat diet, Phytother. 
Res. 29 (2015) 668–673, doi: 10.1002/ptr.5295 . 

[127] N. Dehar, R. Walia, R.B. Verma, P. Pandey, Hepatoprotective activity of Berberis- 
aristata root extract against chemical induced acute hepatotoxicity in rats, Asian J. 
Pharm. Clin. Res. 6 (2013) 53–56 . 

[128] V.N. Shah, M.B. Shah, P.A. Bhatt, Hepatoprotective activity of punarnavash- 
tak kwath, an Ayurvedic formulation, against CCl 4 -induced hepatotoxic- 
ity in rats and on the HepG2 cell line, Pharm. Biol. 49 (2011) 408–415, 
doi: 10.3109/13880209.2010.521162 . 

[129] Y. Feng, K.F. Cheung, N. Wang, P. Liu, T. Nagamatsu, Y. Tong, Chinese 
medicines as a resource for liver fibrosis treatment, Chin. Med. 4 (2009) 16, 
doi: 10.1186/1749-8546-4-16 . 

[130] Z. Zhao, Q. Wei, W. Hua, Y. Liu, X. Liu, Y. Zhu, Hepatoprotective effects of berber- 
ine on acetaminophen-induced hepatotoxicity in mice, Biomed. Pharmacother. 103 
(2018) 1319–1326, doi: 10.1016/j.biopha.2018.04.175 . 

[131] S. Mehrzadi, I. Fatemi, M. Esmaeilizadeh, H. Ghaznavi, H. Kalantar, 
M. Goudarzi, Hepatoprotective effect of berberine against methotrexate 
induced liver toxicity in rats, Biomed. Pharmacother. 97 (2018) 233–239, 
doi: 10.1016/j.biopha.2017.10.113 . 

[132] M.U.K. Sahibzada, M. Zahoor, A. Sadiq, F. ur Rehman, A.M. Al-Mohaimeed, 
M. Shahid, et al., Bioavailability and hepatoprotection enhancement of berberine 
and its nanoparticles prepared by liquid antisolvent method, Saudi J. Biol. Sci. 28 
(2021) 327–332, doi: 10.1016/J.SJBS.2020.10.006 . 

[133] B. Sun, Y. Yang, M. He, Y. Jin, X. Cao, X. Du, et al., Hepatoprotective role of berber- 
ine on doxorubicin induced hepatotoxicity - involvement of Cyp, Curr. Drug Metab. 
21 (2020) 541–547, doi: 10.2174/1389200221666200620203648 . 

[134] A. Eftekhari, A. Hasanzadeh, R. Khalilov, H. Hosainzadegan, E. Ahmadian, 
M.A. Eghbal, Hepatoprotective role of berberine against paraquat-induced liver 
toxicity in rat, Environ. Sci. Pollut. Res. 27 (5) (2019) 4969–4975 201927, 
doi: 10.1007/S11356-019-07232-1 . 

[135] M. Afsharinasab, M. Mohammad-Sadeghipour, M. Reza Hajizadeh, A. Khoshdel, 
V. Mirzaiey, M. Mahmoodi, The effect of hydroalcoholic Berberis integerrima fruits 
extract on the lipid profile, antioxidant parameters and liver and kidney function 
tests in patients with nonalcoholic fatty liver disease, Saudi J. Biol. Sci. 27 (2020) 
2031–2037, doi: 10.1016/J.SJBS.2020.04.037 . 

[136] X. Wei, C. Wang, S. Hao, H. Song, L. Yang, The therapeutic effect of berberine 
in the treatment of nonalcoholic fatty liver disease: a meta-analysis, Evid. Based 
Complement. Altern. Med. 2016 (2016), doi: 10.1155/2016/3593951 . 

[137] J. Li, Y. Pan, M. Kan, X. Xiao, Y. Wang, F. Guan, et al., Hepatoprotective effects of 
berberine on liver fibrosis via activation of AMP-activated protein kinase, Life Sci. 
98 (2014) 24–30, doi: 10.1016/j.lfs.2013.12.211 . 

[138] F. Gholampour, S. Keikha, Berberine protects the liver and kidney against func- 
tional disorders and histological damages induced by ferrous sulfate, Iran. J. Basic 
Med. Sci. 21 (2018) 476–482, doi: 10.22038/IJBMS.2018.25199.6241 . 

[139] O. Asbaghi, N. Ghanbari, M. shekari, Ž . Reiner, E. Amirani, J. Hallajzadeh, 
et al., The effect of berberine supplementation on obesity parameters, in- 
flammation and liver function enzymes: A systematic review and meta- 
analysis of randomized controlled trials, Clin. Nutr. ESPEN 38 (2020) 43–49, 
doi: 10.1016/J.CLNESP.2020.04.010 . 

13 

https://doi.org/10.3389/fphar.2022.851023
https://doi.org/10.3109/13880209.2011.599035
https://doi.org/10.1155/2019/6831520
https://doi.org/10.3389/fphar.2019.01461
https://doi.org/10.1186/s12885-019-5791-1
https://doi.org/10.1590/1414-431X20144293
https://doi.org/10.1016/j.jbior.2019.04.003
https://doi.org/10.1016/j.biopha.2016.10.111
https://doi.org/10.3727/096504015X14298122915583
https://doi.org/10.1155/2020/2596082
https://doi.org/10.3892/etm.2017.5637
https://doi.org/10.1080/10286020802675076
https://doi.org/10.1038/s41598-017-05296-y
https://doi.org/10.1186/1476-4598-8-81
https://doi.org/10.1007/s10616-009-9240-x
https://doi.org/10.1016/j.omto.2020.06.015
https://doi.org/10.1166/jbn.2015.2110
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0108
https://doi.org/10.1007/s10616-017-0146-8
https://doi.org/10.1371/journal.pone.0094443
https://doi.org/10.1155/2017/8152526
https://doi.org/10.2147/OTT.S171212
https://doi.org/10.1093/abbs/gmy036
https://doi.org/10.2147/OTT.S223242
https://doi.org/10.4161/cbt.26045
https://doi.org/10.18632/aging.103565
https://doi.org/10.17179/EXCLI2021-4453
https://doi.org/10.1016/j.ijbiomac.2018.05.115
https://doi.org/10.5897/AJPP10.322
https://doi.org/10.1016/j.atherosclerosis.2014.12.043
https://doi.org/10.7150/thno.30787
https://doi.org/10.1016/j.atherosclerosis.2008.02.004
https://doi.org/10.1074/jbc.M114.597229
https://doi.org/10.1016/j.bbadis.2016.06.006
https://doi.org/10.1002/ptr.5295
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0127
https://doi.org/10.3109/13880209.2010.521162
https://doi.org/10.1186/1749-8546-4-16
https://doi.org/10.1016/j.biopha.2018.04.175
https://doi.org/10.1016/j.biopha.2017.10.113
https://doi.org/10.1016/J.SJBS.2020.10.006
https://doi.org/10.2174/1389200221666200620203648
https://doi.org/10.1007/S11356-019-07232-1
https://doi.org/10.1016/J.SJBS.2020.04.037
https://doi.org/10.1155/2016/3593951
https://doi.org/10.1016/j.lfs.2013.12.211
https://doi.org/10.22038/IJBMS.2018.25199.6241
https://doi.org/10.1016/J.CLNESP.2020.04.010


F. Jahan, S.S. Alvi and M.H. Islam Pharmacological Research - Modern Chinese Medicine 5 (2022) 100184 

[140] P. Malekinezhad, L.E. Ellestad, N. Afzali, S.H. Farhangfar, A. Omidi, A. Moham- 
madi, Evaluation of berberine efficacy in reducing the effects of aflatoxin B1 
and ochratoxin A added to male broiler rations, Poult. Sci. 100 (2021) 797–809, 
doi: 10.1016/J.PSJ.2020.10.040 . 

[141] M. Khaksari, S. Esmaili, R. Abedloo, H. Khastar, Palmatine ameliorates nephrotoxi- 
city and hepatotoxicity induced by gentamicin in rats, Arch. Physiol. Biochem. 127 
(2021) 273–278, doi: 10.1080/13813455.2019.1633354 . 

[142] W.C. Lee, J.K. Kim, J.W. Kang, W.Y. Oh, J.Y. Jung, Y.S. Kim, et al., Palmatine 
attenuates d-galactosamine/lipopolysaccharide-induced fulminant hepatic failure 
in mice, Food Chem. Toxicol. 48 (2010) 222–228, doi: 10.1016/j.fct.2009.10.004 . 

[143] K.E. Jones, N.G. Patel, M.A. Levy, A. Storeygard, D. Balk, J.L. Gittleman, 
et al., Global trends in emerging infectious diseases, Nature 451 (2008) 990, 
doi: 10.1038/NATURE06536 . 

[144] M.A. Neag, A. Mocan, J. Echeverría, R.M. Pop, C.I. Bocsan, G. Crisan, et al., Berber- 
ine: Botanical Occurrence, traditional uses, extraction methods, and relevance in 
cardiovascular, metabolic, hepatic, and renal disorders, Front. Pharmacol. 9 (2018) 
557, doi: 10.3389/fphar.2018.00557 . 

[145] J. Tang, Y. Feng, S. Tsao, N. Wang, R. Curtain, Y. Wang, Berberine and Coptidis Rhi- 
zoma as novel antineoplastic agents: a review of traditional use and biomedical in- 
vestigations, J. Ethnopharmacol. 126 (2009) 5–17, doi: 10.1016/j.jep.2009.08.009 . 

[146] X. Huang, P. Wang, T. Li, X. Tian, W. Guo, B. Xu, et al., Self-assemblies based on 
traditional medicine berberine and cinnamic acid for adhesion-induced inhibition 
multidrug-resistant staphylococcus aureus, ACS Appl. Mater. Interfaces 12 (2020) 
227–237, doi: 10.1021/acsami.9b17722 . 

[147] X. Tian, P. Wang, T. Li, X. Huang, W. Guo, Y. Yang, et al., Self-assembled natu- 
ral phytochemicals for synergistically antibacterial application from the enlighten- 
ment of traditional Chinese medicine combination, Acta Pharm. Sin. B 10 (2020) 
1784–1795, doi: 10.1016/j.apsb.2019.12.014 . 

[148] M. Chu, M. Zhang, Y. Liu, J. Kang, Z. Chu, K. Yin, et al., Role of berberine in 
the treatment of methicillin-resistant staphylococcus aureus infections, Sci. Rep. 6 
(2016) 1–9 6:1, doi: 10.1038/srep24748 . 

[149] H.H. Yu, K.J. Kim, J.D. Cha, H.K. Kim, Y.E. Lee, N.Y. Choi, et al., Antimicro- 
bial activity of berberine alone and in combination with ampicillin or oxacillin 
against methicillin-resistant Staphylococcus aureus, J. Med. Food 8 (2005) 454–
461, doi: 10.1089/jmf.2005.8.454 . 

[150] J. Yong, R. Zu, X. Huang, Y. Ge, Y. Li, Synergistic effect of berberine hydrochloride 
and fluconazole against candida albicans resistant isolates, Front. Microbiol. 11 
(2020) 1498, doi: 10.3389/FMICB.2020.01498 . 

[151] S. Gao, S. Zhang, S. Zhang, Enhanced in vitro antimicrobial activity of am- 
photericin B with berberine against dual-species biofilms of Candida albi- 
cans and Staphylococcus aureus, J. Appl. Microbiol. 130 (2021) 1154–1172, 
doi: 10.1111/JAM.14872 . 

[152] Pierpaoli E., Cirioni O., Simonetti O., Orlando F., Giacometti A., Lom- 
bardi P., et al. Potential application of berberine in the treatment of Es- 
cherichia coli sepsis. Https://DoiOrg/101080/1478641920201721729 2020. 
10.1080/14786419.2020.1721729. 

[153] X. Zhang, X. Sun, J. Wu, Y. Wu, Y. Wang, X. Hu, et al., Berberine damages the cell 
surface of methicillin-resistant staphylococcus aureus, Front. Microbiol. 11 (2020) 
621, doi: 10.3389/FMICB.2020.00621 . 

[154] Chandel S., Bagai U., Semwal R.B., Semwal D.K. Antiplasmodial activity of 
aqueous extract of Berberis aristata roots against Plasmodium berghei-infected 
BALB/c mice. Http://DxDoiOrg/103109/1388020920151005750 2015;53:1735–
40. 10.3109/13880209.2015.1005750. 

[155] T. Sun, X.D. Li, J. Hong, C. Liu, X.L. Zhang, J.P. Zheng, et al., Inhibitory effect of 
two traditional chinese medicine monomers, berberine and matrine, on the quo- 
rum sensing system of antimicrobial-resistant Escherichia coli, Front. Microbiol. 10 
(2019) 2584, doi: 10.3389/FMICB.2019.02584 . 

[156] R.D. Wojtyczka, A. Dziedzic, M. K ępa, R. Kubina, A. Kaba ł a-Dzik, T. Mularz, 
et al., Berberine enhances the antibacterial activity of selected antibiotics against 
coagulase-negative staphylococcus strains in vitro , Molecules 19 (2014) 6583–6596 
2014Vol 19, Pages 6583-6596, doi: 10.3390/MOLECULES19056583 . 

[157] S.Q. Wen, P. Jeyakkumar, S.R. Avula, L. Zhang, C.H. Zhou, Discovery 
of novel berberine imidazoles as safe antimicrobial agents by down reg- 
ulating ROS generation, Bioorg. Med. Chem. Lett. 26 (2016) 2768–2773, 
doi: 10.1016/J.BMCL.2016.04.070 . 

[158] M.J. Al-Awady, A. Fauchet, G.M. Greenway, V.N. Paunov, Enhanced antimicrobial 
effect of berberine in nanogel carriers with cationic surface functionality, J. Mater. 
Chem. B 5 (2017) 7885–7897, doi: 10.1039/C7TB02262J . 

[159] S.S.M. Al-Obaidy, G.M. Greenway, V.N. Paunov, Dual-functionalised shellac 
nanocarriers give a super-boost of the antimicrobial action of berberine, Nanoscale 
Adv. 1 (2019) 858–872, doi: 10.1039/c8na00121a . 

[160] M.U.K. Sahibzada, A. Sadiq, H.S. Faidah, M. Khurram, M.U. Amin, A. Haseeb, 
et al., Berberine nanoparticles with enhanced in vitro bioavailability: charac- 
terization and antimicrobial activity, Drug Des. Dev. Ther. 12 (2018) 303, 
doi: 10.2147/DDDT.S156123 . 

[161] L. Yao, L.L. Wu, Q. Li, Q.M. Hu, S.Y. Zhang, K. Liu, et al., Novel berberine deriva- 
tives: Design, synthesis, antimicrobial effects, and molecular docking studies, Chin. 
J. Nat. Med. 16 (2018) 774–781, doi: 10.1016/S1875-5364(18)30117-1 . 

[162] S.S. Aghayan, H.K. Mogadam, M. Fazli, D. Darban-Sarokhalil, S.S. Khoramrooz, 
F. Jabalameli, et al., The effects of Berberine and palmatine on efflux pumps inhi- 
bition with different gene patterns in Pseudomonas aeruginosa isolated from burn 
infections, Avicenna J. Med. Biotechnol. 9 (2017) 1–7 . 

[163] J. Jung, J.S. Choi, C.S. Jeong, Inhibitory activities of palmatine from coptis chinen- 
sis against helicobactor pylori and gastric damage, Toxicol. Res. 30 (2014) 45–48 
2014 30:1, doi: 10.5487/TR.2014.30.1.045 . 

[164] Y.Y. Qiu, L.Q. Tang, W. Wei, Berberine exerts renoprotective effects by regulating 

the AGEs-RAGE signaling pathway in mesangial cells during diabetic nephropathy, 
Mol. Cell. Endocrinol. 443 (2017) 89–105, doi: 10.1016/j.mce.2017.01.009 . 

[165] D. Wu, W. Wen, C.L. Qi, R.X. Zhao, J.H. Lü, C.Y. Zhong, et al., Ame- 
liorative effect of berberine on renal damage in rats with diabetes in- 
duced by high-fat diet and streptozotocin, Phytomedicine 19 (2012) 712–718, 
doi: 10.1016/j.phymed.2012.03.003 . 

[166] J. Lan, Y. Zhao, F. Dong, Z. Yan, W. Zheng, J. Fan, et al., Meta-analysis of 
the effect and safety of berberine in the treatment of type 2 diabetes mel- 
litus, hyperlipemia and hypertension, J. Ethnopharmacol. 161 (2015) 69–81, 
doi: 10.1016/j.jep.2014.09.049 . 

[167] S. Mridula, W.S. Masroor, M. Xavier, T.W. Hui, H.K. Chan, K. Chirara, et al., Antiox- 
idant and anti-advanced glycation end products formation properties of palmatine, 
J. Pharm. Pharmacogn. Res. 9 (2021) 366–378 . 

[168] S. Yang, H. Zhou, G. Wang, X.H. Zhong, Q.L. Shen, X.J. Zhang, et al., Quercetin is 
protective against short-term dietary advanced glycation end products intake in- 
duced cognitive dysfunction in aged ICR mice, J. Food Biochem. 44 (2020) e13164, 
doi: 10.1111/jfbc.13164 . 

[169] M.N.I. Bhuiyan, S. Mitsuhashi, K. Sigetomi, M. Ubukata, Quercetin inhibits ad- 
vanced glycation end product formation via chelating metal ions, trapping methyl- 
glyoxal, and trapping reactive oxygen species, Biosci. Biotechnol. Biochem. 81 
(2017) 882–890, doi: 10.1080/09168451.2017.1282805 . 

[170] L. Zhang, Y. Lu, Y.H. Ye, S.H. Yang, Z.C. Tu, J. Chen, et al., Insights into the 
mechanism of quercetin against BSA-fructose glycation by spectroscopy and high- 
resolution mass spectrometry: effect on physicochemical properties, J. Agric. Food 
Chem. 67 (2019) 236–246, doi: 10.1021/acs.jafc.8b06075 . 

[171] M.S. Khan, S. Tabrez, M.S. Al-Okail, G.M. Shaik, S.A. Bhat, T.M. Rehman, et al., 
Non-enzymatic glycation of protein induces cancer cell proliferation and its inhi- 
bition by quercetin: Spectroscopic, cytotoxicity and molecular docking studies, J. 
Biomol. Struct. Dyn. 39 (2021) 777–786, doi: 10.1080/07391102.2020.1715838 . 

[172] S. Pashikanti, D.R. de Alba, G.A. Boissonneault, D. Cervantes-Laurean, 
Rutin metabolites: Novel inhibitors of nonoxidative advanced gly- 
cation end products, Free Radic. Biol. Med. 48 (2010) 656–663, 
doi: 10.1016/j.freeradbiomed.2009.11.019 . 

[173] D.T.M. Dias, K.R. Palermo, B.P. Motta, A.K. Kaga, T.F.O. Lima, I.L. Brunetti, et al., 
Rutin inhibits the in vitro formation of advanced glycation products and protein 
oxidation more efficiently than quercetin, Rev. Ciênc. Farm. Básica Apl. 42 (2021) 
1–13 . 

[174] W. Liang, D. Zhang, J. Kang, X. Meng, J. Yang, L. Yang, et al., Protective effects 
of rutin on liver injury in type 2 diabetic db/db mice, Biomed. Pharmacother. 107 
(2018) 721–728, doi: 10.1016/j.biopha.2018.08.046 . 

[175] D.T.M. Dias, K.R. Palermo, B.P. Motta, A.K. Kaga, T.F.O. Lima, I.L. Brunetti, et al., 
Rutin inhibits the in vitro formation of advanced glycation products and protein 
oxidation more efficiently than quercetin, Rev. Cienc. Farm. Basica Apl. 42 (2021) 
305–312, doi: 10.4322/2179-443X.0718 . 

[176] Q. Lu, M. Hao, W. Wu, N. Zhang, A.T. Isaac, J. Yin, et al., Antidiabetic 
cataract effects of GbE, rutin and quercetin are mediated by the inhibition 
of oxidative stress and polyol pathway, Acta Biochim. Pol. 65 (2018) 35–41, 
doi: 10.18388/abp.2016_1387 . 

[177] D.T.M. Dias, K.R. Palermo, B.P. Motta, A.K. Kaga, T.F.O. Lima, I.L. Brunetti, et al., 
Rutin inhibits the in vitro formation of advanced glycation products and protein 
oxidation more efficiently than quercetin, Rev. Ciênc. Farm. Básica Apl. 42 (2021) 
22134, doi: 10.4322/2179-443X.0718 . 

[178] G.Y. Jeon, M.H. Nam, K.W. Lee, Inhibitory effect of caffeic acid on advanced gly- 
cation end product-induced renal fibrosis in vitro : a potential therapeutic target, J. 
Food Sci. 86 (2021) 579–586, doi: 10.1111/1750-3841.15588 . 

[179] L. Toma, G.M. Sanda, L.S. Niculescu, M. Deleanu, C.S. Stancu, A.V. Sima, Caffeic 
acid attenuates the inflammatory stress induced by glycated LDL in human endothe- 
lial cells by mechanisms involving inhibition of AGE-receptor, oxidative, and en- 
doplasmic reticulum stress, Biofactors 43 (2017) 685–697, doi: 10.1002/biof.1373 . 

[180] X. Cao, Y. Xia, M. Zeng, W. Wang, Y. He, J. Liu, Caffeic acid inhibits the formation 
of advanced glycation end products (AGEs) and mitigates the AGEs-induced ox- 
idative stress and inflammation reaction in human umbilical vein endothelial cells 
(HUVECs), Chem. Biodivers. 16 (2019) e1900174, doi: 10.1002/cbdv.201900174 . 

[181] J. Kim, I.H. Jeong, C.S. Kim, Y.M. Lee, J.M. Kim, J.S. Kim, Chlorogenic 
acid inhibits the formation of advanced glycation end products and as- 
sociated protein cross-linking, Arch. Pharmacal Res. 34 (2011) 495–500, 
doi: 10.1007/s12272-011-0319-5 . 

[182] A. Bhattacherjee, A. Datta, Mechanism of antiglycating properties of syringic and 
chlorogenic acids in in vitro glycation system, Food Res. Int. 77 (2015) 540–548, 
doi: 10.1016/j.foodres.2015.08.025 . 

[183] Y. Bains, A. Gugliucci, R. Caccavello, Advanced glycation endproducts form during 
ovalbumin digestion in the presence of fructose: inhibition by chlorogenic acid, 
Fitoterapia 120 (2017) 1–5, doi: 10.1016/j.fitote.2017.05.003 . 

[184] M.R. Preetha Rani, N. Anupama, M. Sreelekshmi, K.G. Raghu, Chlorogenic acid 
attenuates glucotoxicity in H9c2 cells via inhibition of glycation and PKC 𝛼 up- 
regulation and safeguarding innate antioxidant status, Biomed. Pharmacother. 100 
(2018) 467–477, doi: 10.1016/j.biopha.2018.02.027 . 

[185] J. Mendiola-Precoma, L.C. Berumen, K. Padilla, G. Garcia-Alcocer, Therapies for 
prevention and treatment of Alzheimer’s disease, Biomed. Res. Int. 2016 (2016), 
doi: 10.1155/2016/2589276 . 

[186] K. Sharma, Cholinesterase inhibitors as Alzheimer’s therapeutics (Review), Mol. 
Med. Rep. 20 (2019) 1479–1487, doi: 10.3892/mmr.2019.10374 . 

[187] M. Mehta, A. Adem, M. Sabbagh, New acetylcholinesterase in- 
hibitors for Alzheimer’s disease, Int. J. Alzheimers Dis. 2012 (2012), 
doi: 10.1155/2012/728983 . 

[188] S. Bhattacharya, D. Montag, Acetylcholinesterase inhibitor modifications: a promis- 

14 

https://doi.org/10.1016/J.PSJ.2020.10.040
https://doi.org/10.1080/13813455.2019.1633354
https://doi.org/10.1016/j.fct.2009.10.004
https://doi.org/10.1038/NATURE06536
https://doi.org/10.3389/fphar.2018.00557
https://doi.org/10.1016/j.jep.2009.08.009
https://doi.org/10.1021/acsami.9b17722
https://doi.org/10.1016/j.apsb.2019.12.014
https://doi.org/10.1038/srep24748
https://doi.org/10.1089/jmf.2005.8.454
https://doi.org/10.3389/FMICB.2020.01498
https://doi.org/10.1111/JAM.14872
https://doi.org/10.3389/FMICB.2020.00621
https://doi.org/10.3389/FMICB.2019.02584
https://doi.org/10.3390/MOLECULES19056583
https://doi.org/10.1016/J.BMCL.2016.04.070
https://doi.org/10.1039/C7TB02262J
https://doi.org/10.1039/c8na00121a
https://doi.org/10.2147/DDDT.S156123
https://doi.org/10.1016/S1875-5364(18)30117-1
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0162
https://doi.org/10.5487/TR.2014.30.1.045
https://doi.org/10.1016/j.mce.2017.01.009
https://doi.org/10.1016/j.phymed.2012.03.003
https://doi.org/10.1016/j.jep.2014.09.049
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0167
https://doi.org/10.1111/jfbc.13164
https://doi.org/10.1080/09168451.2017.1282805
https://doi.org/10.1021/acs.jafc.8b06075
https://doi.org/10.1080/07391102.2020.1715838
https://doi.org/10.1016/j.freeradbiomed.2009.11.019
http://refhub.elsevier.com/S2667-1425(22)00144-0/sbref0173
https://doi.org/10.1016/j.biopha.2018.08.046
https://doi.org/10.4322/2179-443X.0718
https://doi.org/10.18388/abp.2016_1387
https://doi.org/10.4322/2179-443X.0718
https://doi.org/10.1111/1750-3841.15588
https://doi.org/10.1002/biof.1373
https://doi.org/10.1002/cbdv.201900174
https://doi.org/10.1007/s12272-011-0319-5
https://doi.org/10.1016/j.foodres.2015.08.025
https://doi.org/10.1016/j.fitote.2017.05.003
https://doi.org/10.1016/j.biopha.2018.02.027
https://doi.org/10.1155/2016/2589276
https://doi.org/10.3892/mmr.2019.10374
https://doi.org/10.1155/2012/728983


F. Jahan, S.S. Alvi and M.H. Islam Pharmacological Research - Modern Chinese Medicine 5 (2022) 100184 

ing strategy to delay the progression of Alzheimer’s disease, Neural Regen. Res. 10 
(2015) 43–45, doi: 10.4103/1673-5374.150648 . 

[189] D.E. Igartúa, C.S. Martinez, S. del V. Alonso, M.J. Prieto, Combined therapy for 
Alzheimer’s disease: tacrine and PAMAM dendrimers co-administration reduces 
the side effects of the drug without modifying its activity, AAPS PharmSciTech 
21 (2020), doi: 10.1208/s12249-020-01652-w . 

[190] J. Zdarova Karasova, O. Soukup, J. Korabecny, M. Hroch, M. Krejciova, M. Hra- 
binova, et al., Tacrine and its 7-methoxy derivate; time-change concentration in 
plasma and brain tissue and basic toxicological profile in rats, Drug Chem. Toxicol. 
(2019), doi: 10.1080/01480545.2019.1566350 . 

[191] B. Sameem, M. Saeedi, M. Mahdavi, A. Shafiee, A review on tacrine-based scaffolds 
as multi-target drugs (MTDLs) for Alzheimer’s disease, Eur. J. Med. Chem. 128 
(2017) 332–345, doi: 10.1016/j.ejmech.2016.10.060 . 

[192] C.V. Magnnavar, A.S. Panji, S. Chinnam, Neuroprotective activity of Berberis aris- 

tata against 6-OHDA induced Parkinson’s disease model, FASEB J. 27 (2013) 
890.16 -890.16, doi: 10.1096/FASEBJ.27.1_SUPPLEMENT.890.16 . 

[193] M. Fatehi, T.M. Saleh, Z. Fatehi-Hassanabad, K. Farrokhfal, M. Jafarzadeh, 
S. Davodi, A pharmacological study on Berberis vulgaris fruit extract, J. Ethnophar- 
macol. 102 (2005) 46–52, doi: 10.1016/J.JEP.2005.05.019 . 

[194] J. Wang, Y. Zhang, Neuroprotective effect of berberine agonist against impairment 
of learning and memory skills in severe traumatic brain injury via Sirt1/p38 MAPK 
expression, Mol. Med. Rep. 17 (2018) 6881–6886, doi: 10.3892/MMR.2018.8674 . 

[195] N.N. Yuan, C.Z. Cai, M.Y. Wu, H.X. Su, M. Li, J.H. Lu, Neuroprotective 
effects of berberine in animal models of Alzheimer’s disease: a systematic 
review of pre-clinical studies, BMC Complement. Altern. Med. 19 (2019), 
doi: 10.1186/s12906-019-2510-z . 

[196] H. Wang, B. Wang, M. Chen, H. Chen, C. Sun, G. Shen, et al., Neuroprotective 
effect of berberine against learning and memory deficits in diffuse axonal injury, 
Exp. Ther. Med. 15 (2018) 1129–1135, doi: 10.3892/ETM.2017.5496 . 

[197] H.M. Hussien, A. Abd-Elmegied, D.A. Ghareeb, H.S. Hafez, H.E.A. Ahmed, N.A. El- 
Moneam, Neuroprotective effect of berberine against environmental heavy metals- 
induced neurotoxicity and Alzheimer’s-like disease in rats, Food Chem. Toxicol. 
111 (2018) 432–444, doi: 10.1016/J.FCT.2017.11.025 . 

[198] D. Dhingra, A. Bhankher, Behavioral and biochemical evidences for antidepressant- 
like activity of palmatine in mice subjected to chronic unpredictable mild stress, 
Pharmacol. Rep. 66 (2014) 1–9, doi: 10.1016/j.pharep.2013.06.001 . 

[199] Y. Shen, S. Guan, H. Ge, W. Xiong, L. He, L. Liu, et al., Effects of palmatine on rats 
with comorbidity of diabetic neuropathic pain and depression, Brain Res. Bull. 139 
(2018) 56–66, doi: 10.1016/j.brainresbull.2018.02.005 . 

[200] E. Haj, Y. Losev, V. Guru KrishnaKumar, E. Pichinuk, H. Engel, A. Raveh, et al., 
Integrating in vitro and in silico approaches to evaluate the “dual functional- 
ity ” of palmatine chloride in inhibiting and disassembling Tau-derived VQIVYK 
peptide fibrils, Biochim. Biophys. Acta Gen. Subj. 1862 (2018) 1565–1575, 
doi: 10.1016/j.bbagen.2018.04.001 . 

[201] H.T. Xiao, J. Peng, Y. Liang, J. Yang, X. Bai, X.Y. Hao, et al., Acetylcholinesterase 
inhibitors from Corydalis yanhusuo, Nat. Prod. Res. 25 (2011) 1418–1422, 
doi: 10.1080/14786410802496911 . 

[202] S. Mak, W.W.K. Luk, W. Cui, S. Hu, K.W.K. Tsim, Y. Han, Synergistic inhibi- 
tion on acetylcholinesterase by the combination of berberine and palmatine origi- 
nally isolated from Chinese medicinal herbs, J. Mol. Neurosci. 53 (2014) 511–516, 
doi: 10.1007/s12031-014-0288-5 . 

15 

https://doi.org/10.4103/1673-5374.150648
https://doi.org/10.1208/s12249-020-01652-w
https://doi.org/10.1080/01480545.2019.1566350
https://doi.org/10.1016/j.ejmech.2016.10.060
https://doi.org/10.1096/FASEBJ.27.1_SUPPLEMENT.890.16
https://doi.org/10.1016/J.JEP.2005.05.019
https://doi.org/10.3892/MMR.2018.8674
https://doi.org/10.1186/s12906-019-2510-z
https://doi.org/10.3892/ETM.2017.5496
https://doi.org/10.1016/J.FCT.2017.11.025
https://doi.org/10.1016/j.pharep.2013.06.001
https://doi.org/10.1016/j.brainresbull.2018.02.005
https://doi.org/10.1016/j.bbagen.2018.04.001
https://doi.org/10.1080/14786410802496911
https://doi.org/10.1007/s12031-014-0288-5

	Berberis aristata and its secondary metabolites: Insights into nutraceutical and therapeutical applications
	Berberis aristata and its secondary metabolites: Insights into nutraceutical and therapeutical applications
	1 Introduction
	2 B. aristata: ethnobotanical aspects and ethnopharmacological properties
	3 Potential secondary metabolites/bioactive compounds of B. aristata
	4 Cytotoxicity studies: evidences from in-vitro and in-vivo studies
	5 Pharmacological effects of B. aristata and its bioactive metabolites in targeting various diseases
	5.1 Effects on redox state
	5.2 Effects on inflammatory signaling cascades
	5.3 Antidiabetic effects
	5.4 Anticancer effects
	5.5 Effects on lipid metabolism or atherosclerotic cardiovascular disease
	5.6 Hepatoprotective effects
	5.7 Antimicrobial effects
	5.8 Antiglycation/anti-aging effects
	5.9 Neuroprotective effects

	6 Conclusion
	Declaration of Competing Interest
	Acknowledgement
	Supplementary materials
	References


