Berberine in Diabetes and Related Complications Treatment | Encyclopedia.pub

Berberine in Diabetes and Related
Complications Treatment

Subjects: Pharmacology & Pharmacy | Plant Sciences | Endocrinology & Metabolism

Contributor: Vahid Reza Askari , Kimia Khosravi , Vafa Baradaran Rahimi , Stefania Garzoli

Berberine (BBR) is an isoquinoline alkaloid that can be extracted from herbs such as Coptis, Phellodendron, and
Berberis. BBR has been widely used as a folk medicine to treat various disorders. It is a multi-target drug with
multiple mechanisms. Studies have shown that it has antioxidant and anti-inflammatory properties and can also

adjust intestinal microbial flora.

berberine type 2 diabetes insulin inflammation oxidative stress

| 1. Introduction

Type 2 diabetes mellitus (T2DM), one of the most widespread persistent diseases, is characterized by
hyperglycemia. Its incidence rate is constantly increasing. In 2021, 529 million people suffered from diabetes. It is
predicted that this number will reach 1.3 billion by 2050 W. Prescription drugs and insulin supplementation
represent the current primary treatment of T2DM; however, some adverse effects have been noted, including liver
difficulties and lactic acidosis [&. Consequently, an ongoing search for alternative medicines and herbal remedies

for T2DM with high efficacy and low toxicity is essential.

Berberine (BBR) is an isoquinoline alkaloid compound that can be isolated from Coptis, Phellodendron, and
Berberis. BBR has been used for many years as a folk medicine in China in treating diarrhea and diabetes B!, It is
also known for its anticancer, anti-inflammatory, and antibacterial effects 4. BBR also has an antidiabetic impact
similar to metformin . In addition to T2D, BBR has a beneficial effect on the complications of diabetes, including
renal damage 8, neuropathy [, retinopathy &, cognitive problems &, cardiovascular complications 29, and
endothelial dysfunction 121 through various mechanisms. Furthermore, many clinical studies have confirmed the

beneficial effects of BBR in diabetic patients. Therefore, BBR can be used as a treatment in diabetic patients

2. Berberine in Diabetes and Related Complications
Treatment

2.1. In Vitro Models of Diabetes Mellitus (DM)

One study investigated the effects of short-term treatment with BBR on 3T3-L1 adipocytes and L6 myoblasts. BBR
inhibited triglyceride accumulation in fully differentiated and undifferentiated adipocytes. In addition, it reduced

adipogenic gene expression and levels of most lipogenic transcripts (including the Fas receptor, also known as
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APO-1 or CD95), adipocyte determination and differentiation—dependent factor 1/sterol regulatory element—binding
protein 1c (ADD1/SREBP1c), peroxisome proliferator-activated receptors (PPARs), CCAAT/enhancer binding
proteins (C/EBPs), 1llbeta-hydroxysteroid dehydrogenase 1 (11pB-HSD1), and adipocyte protein 2 (aP2). BBR
increased the phosphorylation of AMP-activated protein kinase (AMPK) and ACC (a major substrate of AMPK) in

both adipocytes and myoblasts.

Another laboratory investigation was conducted on neonatal rat cardiomyocytes exposed to hypoxia/reoxygenation
with elevated glucose levels. BBR, at a concentration of 50 UM, decreased hypoxia/reoxygenation-promoted
myocardial cell death, increased the Bcl-2/Bax ratio, decreased caspase-3 expression, activated phosphoinositide
3-kinase (PI3K)—-Akt, and amplified AMP-activated protein kinase (AMPK) and endothelial nitric oxide synthase
(eNOS) phosphorylation. The fact that prior treatment with either the PI3K/Akt inhibitor wortmannin or the AMPK
inhibitor compound C decreased the antiapoptotic effect of BBR supported the mechanisms of BBR 12, In the
same in vitro study, BBR and metformin, either alone or in combination, were tested on a high-glucose-induced

hepatocellular carcinoma (HepG2) cell line in order to evaluate the effects of both on lipid levels 131,

HepG2 cells were treated with glucose (33 mM) for 24 h after being pretreated with BBR and metformin.
Concentrations of 20 and 40 uM of BBR could reduce the total lipid content and triglycerides in the treated HepG2
cells. Synergistic effects in reducing total lipid contents and triglyceride levels in HepG2 cells were obtained
following the simultaneous administration of metformin and BBR at ratios of 2:10, 1:10, 0.5:10, and 0.25%.
Furthermore, the combination of metformin and BBR at the lowest concentrations (0.25 and 5 uM) also showed a

synergistic effect and reduced the expression of FAS and SREBP-1¢ 13,

2.2. Animal Models of Diabetes Mellitus (DM)

The promising antidiabetic effects of BBR have been reported in several animal models of DM, including
streptozotocin (STZ) and alloxan-induced DM (Table 1).

Table 1. Protective effects of berberine in animal models of DM.

Type of Extract or

- DoselConcentration Study Model Results Ref.
Constituent
Berberine chloride 50 mg/kg/day; orally for 45 STZ-induced | Blood glucose and HbAIc [14]
days diabetic rats t Plasma insulin, hemoglobin,

and body weight
1 Pancreatic levels of SOD,
CAT, GPx, GSH, vitamin E, and
vitamin C
L LOOH and TBARS
I TNF-a, NF-kB, phospho-NF-
kB-p65, COX-2, and iINOS
| Caspase-8, t-Bid, Bax,
cytochrome-c, and cleaved
caspase-3
1 Bcl-2
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Type of Extract or

Constituent Dose/Concentration

187.5 and 562.5 mg/kg;
orally for 4 weeks

100 mg/Kg per day;
intragastrically for 6 weeks
10 mg/Kg/d;
intraperitoneally for 4
weeks

156 mg/kg per day;
intragastrically for 12
weeks

Diabetic rats: 75 and 150
mg/kg/day; orally twice a
day for 15 days
Diabetic mice: 200
mg/kg/day; orally for 3
weeks

150 mg/kg/d; orally for 9
weeks

Study Model

STZ-induced DM
in rats

STZ-induced DM
in mice

STZ-induced DM
in rats

STZ-induced DM
in rats and KK-
Ay diabetic mice

STZ-induced
T2D hamsters

Results Ref.

1 Anti-inflammatory mediator IL-
10 and GLUT-2

| FBG, TGs, TC, FFAs, and

apolipoprotein B [L3]
+ HDL and apolipoprotein Al
I FINS, HOMA-IR, and FPG,
and expression of TLR4, TNF-
a, IL-13 and IL-6
| Pathological damage and
macrophage (M®) infiltration in
pancreatic islets of diabetic [16]

mice
Regulated the probiotics in the
intestinal tract
Blocked the nuclear
translocation of NF-kB in THP-
1-derived M®s

I FINS, HOMA-IR,
hyperlipidemia
t p-TORC2 levels
Up-regulated expression of liver
kinase B1, AMPK, and
phosphorylated AMPK (L7
Down-regulated expression of
the key gluconeogenic
enzymes
Inhibited TORC2 nuclear
translocation in the liver tissues

| FBG and FINS

1 Expression of insulin receptor 14
MRNA and PKC
[19]

+ Expression of LXRs and
PPARs

| Expression of SREBPs in
visceral white adipose tissue
| Body weight, total visceral
white adipose tissue weight,

blood glucose, FFAs, TC, LDL-
¢, and TGs
1 Serum adiponectin
| Serum leptin, TNF-a, IL-6,
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Type of Extract or
Constituent

DoselConcentration

100 mg/kg/d; orally for 7
weeks

5 mg/kg/day;
intraperitoneally for 3
weeks

5 mg/kg/day;
intraperitoneally for 3
weeks

100 mg/kg/d; orally for 2
weeks

Berberine 100mg/kg/d
and
Berberine 100 mg/kg/d+
stachyose 200 mg/kg/d;
orally for 55 days

300 mg/kg/day; orally for
12 weeks

Study Model

STZ-induced
diabetic rats

ob/ob and STZ-
induced diabetic
mice

db/db mice

db/db mice

db/db mice

Alloxan-induced
diabetic mice
with renal injury

Results

and HOMA-IR
| Adipocyte size

| FBG, plasma-free fatty acids,
CRP, TGs, and TC
Improved glucose tolerance
Inhibited DPP-4 and PTP-1B
activities
Moderately improved glucose
homeostasis

Improved insulin, glucose
tolerance, and glucose
metabolism
| Blood glucose levels, cAMP,
hepatic gluconeogenesis, and
gluconeogenic gene expression
Suppressed glucagon-induced
CREB phosphorylation

| Body weight
| Fat mass and the size of fat
cells
Food intake did not change
Improved glucose tolerance

Improved insulin resistance
| FBG
Suppressed protein tyrosine
phosphatase 1B
1 Phosphorylation of insulin
receptor, insulin receptor
substratel, and Akt

Improved glucose metabolism,
the balance of a- and B-cells,
and mucin-2 expression
Increased abundance of
Akkermansia muciniphila
t Fumaric acid level
| Metabolite all-
transheptaprenyl diphosphate

I NF-kB, and the
1 IKB-a
| Levels of fibronectin,
transforming growth factor-beta
1, and intercellular adhesion
molecule-1

Ref.

[20]

[21]

[22]

[25]
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Type of Extract or

Constituent Dose/Concentration

380 mg/day; orally for 2
weeks

100 mg/kg/day; orally for 2
weeks

5, 10 mg/kg/day;
intraperitoneal injections for
4 weeks

Dihydroberberine

100 mg/kg/day; orally for 4
weeks

Berberine

RB 0.7 (RB-L), 2.11 (RB-
M), or 6.33 mg/kg/day (RB-
H); orally for 8 weeks

150 and 300 mg/kg/day;
gavage for 12 weeks

Study Model Results

| Body weight, plasma

triglycerides, and insulin
resistance

HFD-fed rats

Improved effectiveness of BBR

HFI.D-md'uced Better oral bioavailability than
insulin
resistance in BER
. L Augmented adiposity, TGs,
mice and rat . . .
and insulin resistance
I Insulin resistance, body
weight, and HOMA-IR
HED-fed mice 1 Synthesis of liver glycogen

and SIRT1 expression
Regulated SIRT1/FOX0O1
pathway

1 Mitochondrial SirT3 activity
Improved mitochondrial function
Prevented a state of energetic
deficit

Mitochondria
isolated from the
liver of HFD-fed

rats

Improved glucolipid
metabolism, insulin resistance,
OGTT, insulin tolerance test
(ITT), and pathological changes

High-sugar, high- % 1 pancreases and livers of

fat diet mice
~ (HSHFD)- | FBG, white fat index, TGs,
induced diabetic . .
. LDL, GIP, and insulin level
KKAy mice

1 GLP-1, HDL, and glycogen
content in the liver and muscle
1 p-PI3K and p-AKT levels
L TXNIP expression

| Body weight, urine volume,
FBG, BUN, cholesterol, hepatic
index levels, pathologic
changes, and IR
Improved albumin levels,
glucose consumption, uptake,
and inflammation
1 Expression of PPM1B,
PPARy, LRP1, GLUT4, IRS-1,
IRS-2, PI3K, AKT, and IKK]3

HFD-fed rats

Inhibited the phosphorylation of

pIKKB Serl81, total IKK(3, NF-
KB p65, and JNK

Ref.

[26]

[27]

9.

arties of
y, 117,

3. Pang, B.; Zhao, L.-H.; Zhou, Q.; Zhao, T.-Y.; Wang, H.; Gu, C.-J.; Tong, X.-L. Application of
berberine on treating type 2 diabetes mellitus. Int. J. Endocrinol. 2015, 2015, 905749.
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Type of Extract or

i Ition to
Constituent Dose/Concentration Study Model Results Ref.

| Blood glucose

Improved impaired glucose ong, D.-
Berberine 100 mg/kg/d for tolerance
30 days then 150 mg/kg/d; 1 Abundance of beneficial through
berberine combined with Akkermansiaceae,
stachyose; Zucker diabetic | Abundance of pathogenic "
BBR 100 mg/kg/d + fatty rats Enterobacteriaceae, BY tfect of
stachyose 200 mg/kg/d for Desulfovibrionaceae, and
30 days then BBR 150 Proteobacteria n.
mg/kg/d + 300 mg/kg/d; | Expression of intestinal Egrl
69 days in total and Hbegf
= e vy e T a 1 Expression of miR-10a-5p Of

berberine is me » B
Eur. J. Pharmacol. 2016, 774, 87-94.

just combination thera
U PY) ) rats.

2.2/1aPyotective EfféctsXof Berbarine against db/dicasd ST2miiiced pmves insulin-induced
diabetic retinopathy through exclusively suppressing Akt/mTOR-mediated HIF-1a/VEGF activation
In ST 7dACE dRREfiaI aisnS R cXiiid SEhBSEheRT3 1&psgnt. ant-inflammatory, and antiapoptotic

activities. For example, in one study, a BBR chloride treatment (50 mg/kg/day) was administered orally to diabetic
AP0 iMOudys, W adiHistred Hraty: BOR%nloribls Lo GRAMut re{RAE: dsod YRoBe 1BV and
HbRETRGHRe AMGUQLRAES ARE AR ARS AERILERIUHYELAGS NG dhFoHE R MK At 3R aRaHAMvels of
supHRIRNAURN LSRRGS, A0LASk IR AN ARGHRHE WE U R fak ) ot B BiRatshe? R vidihin
18, IengaminG rcremedy whiehosual Noid eesexivatiefiansrkeis-diehylibithieyefeeers ite SKLOGHS) 1al 2-
thioprshisitriy pei P repstieeicubstonegdidiBAfabslicteerrased. Phytother. Res. 2011, 25, 33-37.

1t AT b BBR e 1y Mrasi A HudosE8b) HadiHy D MEARYVE SHGHLOLBE RSIRG AF-
o, BRGNS SIHRGE R ARG Y SR RELRY M Ak iRt AR SHE RN RS o Pl Ebtic mice. 1t
alsg W@&W&%‘a' &gg%ﬂ?gqn 1!.%%_ﬂr§gstinal tracts of diabetic mice. Furthermore, BBR blocked the nuclear
1tarslesatio. of NiGkBaehy P &g MPs|TherefaiagBRR; MRYSE Cruc@am|FiB@beaing thelgsésicrobiota
andgphibiting/ tbe dRGidi=iB anding eedrdry, ApdptbrsisaidhestvatppAMPE ihpenFIBMLESISt isflnzimiaton
andrplfsiecai syarompaplisis tRalabetes @ﬁlﬁﬂggmuld be mentioned that the anti-inflammatory mechanism of

BBR is to inhibit the bindir}g between Toll-like receptor 4 (TLR4|_? and MyD88 and disturb the TLR4/MyD88/NF-kB
13. Be|1bae| {ﬁhorzlg_thl, .; Namvarjah, F.; Teimouri, M.; Hosseini, H.; Meshkani, R. In-vitro
signaling pathway == . . . . . .

synergistic effect of metformin and berberine on high glucose-induced lipogenesis. Iran. J. Pharm.

Angﬁ%%' 3[9&)9 d]e%o%%g’&@?:lgt%%t BBR (5 mg/kg/day) reduced blood glucose levels; improved insulin activity,

19luharidiesrsgann, ducedarapieRhlipan, ad divostsed. heeatitglieneQoBwmieiménehiveigeo! ob/ob and
STainelieretdinbsidatiee stresddiffanindaticaseadeysegmsisductte gharse RE0OH Sive ROZ dlbsipneogenic
gerpduesessicibétid earioBiemeth Rt Abethet. o7, $YudiE. 188l also suppressed glucagon-induced

CREB phosphorylation 2. _ S
15. Leng, S.-H.; Lu, F.-E.; Xu, L.-J. Therapeutic effects of berberine in impaired glucose tolerance rats

2. PP AR R ARIES WG HEIIRR SRR IAEH:- WuRRYpRP: 496-502.
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16. eeaMinddesd. diedein, MiceGaah Yehdamgpdirmaht, Yigdeang faiorliappaNs, QokB); Xésoreduced after
tredbadberiite 8B/ @tesachigkitdafl amenatiocedf|Braysewncdelraf tyysepardidih eteseyeadjustongrast to the
diairtestitalemiesopeB BR ddaintbitifigrdidedns igaa fognpat ynaythl fdctbr CHIGFERD, Ahednt20delubd,adhesion
molk0ie7-102¥B1). The inhibitory effects of berberine on the NF-kB signaling pathway may explain why it has an

1a;1_131||ghaél1v§][Hp;aggﬁg%ﬁt_ﬁcﬂl’uﬁa}[g%%H_r_rr_@t;ogou,.X_; Wang, K.-F,; Lu, F.-E.; Yi, P. Berberine inhibits
225 ISR EREER 5 B Beihe agatiel AR asieag piapainvay in streptozotocin

induced diabetic rats. World J. Gastroenterol. 2015, 21, 7777.

18 SKONG NP PRI P63 SRRl MY, WBRRER FPISABRG™Y NA BRI g ek

red%_eq(bod wei%ht. Lgthekgmore BBR reduced plasma.triglycerides and insulin .resistance in animals itr}ahigh
. an%I .y et al. Berberiné reduces Insulin‘resistance through protein Kinase C—dependent up-

at ggtthion 8t ARSURRY LA e RIEIRBBIIAnS5 BB dpgRtigyenhanced the in vivo effcacy

of BBR in terms of suppression of increased adiposity, triglyceride accumulation in tissues, and insulin resistance.

IPhikhidaingis bk tol odhloftimZE@BE biodJHiabiky: J¥Bek 281 Qin, C. Berberine-improved visceral

white adipose tissue insulin resistance associated with altered sterol regulatory element-binding
Andaretesnslyliveswe teap B esdantl rpghaxizgnoe Pl itenalois@aibratedisacepiens signscapioralced body
weighogirainis i rodadpetia brmste isdBialithiarane Big| ol b, 0ddao%t. diet-fed mice 2. Another study

ARG ARG\ ARSI 5 AR oltey, X BB SRR RIS Y FGE SRR R mARR e ane
"IoQ RSO IRAb S hAben Pt Es 8B aRRTP IR el RIE Bt RS Bin R  i died rerae

‘Endocrinol. 2011, 2011, 519371.

22 ¥ Effects of Berbherneon lvsulinnBesistance andrSecketitmmg, B. Berberine attenuates

hyperglycemia by inhibiting the hepatic glucagon pathway in diabetic mice. Oxidative Med. Cell.
Intqigﬁ'@g{x, ﬁ%g%%dﬂ%mg@gm improved insulin resistance in db/db mice. It stimulated glucose uptake by

3T3-L1 adipocytes at concentrations of 1.25 and 2.5 uM and glucose uptake by L6 myocytes at 2.5-5 uM. BBR

2 b e RS o8P Br Mok Wl b6 halis el T et o Rt o
instfilteCedorEt AL RETREING: SPAIA RIRTARI RS T ACHYRLES AMR RHMAI L RRIG R kiRase with

beneficial metabolic effects in diabetic and insulin-resistant states. Diabetes 2006, 55, 2256—

BBR2/Geased the expression of insulin receptor proteins in cultured human liver cells (HepG2) and L6 myocytes

2RI ERR IRV NSE, "o BN RSP IRMBIRS BB AIRER 5/ BREHIRRR RS IR0 -

Biochem. Biophys. Res. Commun. 2010, 397, 543-547. _ _
In HepG2 cells, BBR up-regulated the expression of alpha7 nicotinic acetylcholine receptor (a7nAChR) protein and

2¢pheSsely - ihd/armEXenkthd- - itLAlsoMndwiekil o - satiifitdinatdry ldiec® - idduaRy YheZiRKB Toekid fkKp
rati6! k- REE PR IERBreSsRING [ With IstaE Yassuees felialsalysereturplisiolRanderbesisa /o],
through modulating gut microbiota and fecal metabolomics in diabetic mice. Phytother. Res. 2020,
UsiBd ald@@-debAhdent approach, BBR inhibited respiration in L6 myotubes and muscle mitochondria, mirroring
2B 5L “HREG R 00 BIRRRSN SRR GOt T O oSG I R B
ORIl o Rt 12 2L RSN L KBRS 8GR SRy I S XA S RS es

o OB el ) L5 a3t AR5 aon o he lvel o the ANPIC phosphatese

26. Turner, N.; Li, J.-Y.; Gosby, A.; To, S.W.C.; Cheng, Z.; Miyoshi, H.; Taketo, M.M.; Cooney, G.J.;
Kraegen, E.W.; James, D.E.; et al. Berberine and its more biologically available derivative,
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BBHihygrokerieenesutihibisistioch andisleras pitéto s sslieAimezhanesmtéos the iacteasiod liver X

rechehe (iR acti Ve acivedsid psebeinddoaseasdrmaprbiveimspiieacti@REBiRLEEs 2008, 57,
1414-1418.

Administration of 100 m /kg/d|a_?/_o|1: BBR improved mané factors associated with insulin resistance in STZ-induced

“abete Mis ANk Siaam et B ThEd Brosime Séb%%t%?e?i'gr(%t?é-i‘éfé‘%hcéfb%(‘?'t'i yrlepselg';tl%ggg-ggDPP-

4y dS R T B G A R e B e e S M AR L QS 81295 BBp2Pana P B

28erteotQid, ah& 2Buavterdspéctsamashibitien \damhe-A dndFenrel@, is.Magugbilap AdinRaleeirath€. Msulin-

serBisirhey iefeecevieBBREPatic mitochondrial dysfunction in high-fat fed rats: A possible role for SirT3
activation. Mitochondrion 2013, 13, 637-646.

lésiplg in vitr(():shtudie% BBR Was(_s;hown to r%ducze Ieukolflrierlle_ I§<4 (LSTB4)—inYducYed intralt_:_ellular\i/rc/sul(i:nhresis}_zimce anld
e, Q.; Chen, B.; \Wan . Zhou, D.; Zeng, H.; Li, X.; Song, Y.; Yu, X,; Liang, W.; Chen, H.; et al.
2mflamma%on niver ce_}{\s/._ It%’houfdzanso be Noted Hhat BBR reduceg%hemotaxé_ andainigamm_atory respohses of

Co-C.(y%t | of Rosl%lltazone With Berberine Ameliorates HyBﬁr%ycemla and Insulin ReS|stab

LTB4-activated macropifages. There was a significant decrease In acrophage gene expression r1/CeBBR,
Through thﬁCI;rI]ﬁK/AKT/T NIP PatMa;F In Viva and In Vitro. Front. Phargrl)acol. 2022, 13, 842879.

which was™signi y Increased by LTB4 he possible mechanism of BBR could be related to'its effect on the
30TBALBIY. S gxid, Knbivh Gherntalydt i@ aieSidy; détatiolX. diseéaag 2 XAs laotondssyelice. dF. jHRaneYabjokuaBR
metiaiRdribertvevimpgolagisrinfl prnRa® e pessansesmeidiphaies caadkidibyin TRl diabetithéattycratsisms
of taachimisuflaresistgriftdepd 2 BallwhrmeghythesMBE piathaya$2l ) Tha iy DeB/ResB2020wa02as also
bee?14d&08s the downstream pathway of the LTB4 pathway 8. On the other hand, interestingly, LTB4 can
dn"snee NS pnplng g ety Wougihewkoriene P4 regepion (B MauBef s olg] BEBSHRL"

the surface of liver cells, and macro hages. Indeed,, the inhibition of FLT.l c%ul SlfﬁPreSShthe cl]e otaxis and
combined with stachyose improves glycometabolism and gut microbiota throtigh regulating

e RS LA U BTSN P s @ el 5 S5 pgg et fammation-
insulin resistance syndrome 2],

32. Gong, J.; Li, J.; Dong, H.; Chen, G.; Qin, X.; Hu, M.; Yuan, F; Fang, K.; Wang, D.; Jiang, S.; et al.
2.40RrotectiiceEffectd ofrBerberinésagainsy DiabetesiComplieations through interfering

with the interaction between TLR4 and MyD88. BMC Complement. Altern. Med. 2019, 19, 314.
DM is an endocrine disorder that can lead to many chronic complications, including osteoporosis, retinopathy,

3r:13ép 'ro';:)'é 35‘ ar?éu\r(o_pBatﬁy,v%g%icl)?/éfsl%ﬁIgrOHi’s)e(a;stla:sefme%thég\a{ 0%dSrderd rngr%ggngj%ll!eﬁ’%?elcqaléhgroperties of

BBﬁegé%ﬁ%QtCSI\X'gomp ig&%hgq{%% gg(talﬁlpglloaorr@gaatory pathway in HepG2 cells. J. Huazhong Univ. Sci.

Technol. Med. Sci. 2016, 36, 64—69.
243, Rjabetesiinduced,Psteeperosissong, J.: Xu, L.: Lu, F.; Wang, D. Berberine Alleviates Insulin

on&SSISTROCE ANt mBtgR iR InRIRG the LIRAEESE ARG FANAco, 0% kntss and

con?pzr%%?s%s the osseointegration process, causing dental-implant failure. Dental implants are used worldwide to
Ireatalenston AeMcEs; Blothese;it i Painflaropreidor diabdtisplitieresiSthnce: New targets encourage new

thinking. BioEssays 2017, 39, 1700036.
To study the effect of BBR on implant recovery, 120 mg/kg/day of BBR was administrated (gated for four weeks) to

3§T§%@8@§5'9§6@ﬁ¢ Ea oSz HeRgndg o to \fm'%ﬁ'-ugriéil\’/'%B'rﬁ‘e'vr‘%g%‘éﬂ%hy]h'fai BlancOsfotiOus My witn
medin o SR BnBiit 188 %e SunE Hoel i Ik Trnb S RS B 4 S BaNS Bset S RS R pic eaL
thr gglgcﬁ(;tﬁégﬁ gg_trpqveyﬁgtg&r%q gglg'r-[ai r?lgnga IWTa%.receptors in atherosclerosis. Cardiovasc. Res. 2009,

1, 216-225.

32/4 Czds?é% |ﬁ|t,e I 'Ego%?g,d C(.E'%towe' rggl& tl% Ilg. re te'(s"?;md prediabetes. World J. Diabetes 2019, 10,
421-445.
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3BShnicMhibta,is) dBsidered. aHunclignAlamgarB $oras chkhpdsitiog, affedts the binst’'S gBeehecinentrebspsesnh (281,
Forredacet: atiner @ aler asisrblyiorze diatign guts nmetneli odadialeaghio Echfonii befladiontesh. iRhgopalgsthetiaride
(LP3) I8¢ dBForish 6+-G568-negative bacteria cell walls &,

3'?reat angt W|thlllf|)’0 m ﬁg%&% o'¥| BBYlgqgr t reggvr(]ae s’ nﬁnbl dYthé/\{)e}Q%ressmn ?Q% re(ﬂa% ges toTﬂarL%tes in

Berberjne slows the ression of prediahetes to diabetes in. Zucker dlabe ic fatt rats b
70% of d?a etic Latty rats toﬁng an average diversity o 8ut mtlacro iota and mcreastlng ?s%n g plasma GLP-2

enhancing intesti Ise retion of glucagon-like peptide-2 and improving the gut microbi Fron
and gutam’n uceg'?ntest?na I9 gsecreqlon Int |spexper?ment BBR reggc fgo rlrr]1t|i< gBG |rnsu1i|n

resggﬂggngr? LZPOSZIIev Fs but mcreased the number of goblet cells and villi length. Furthermore, it increased the

A€k pveesjds. pZinanigs lshi Yogjdt tiganjuXctidfaprdiejnéanaXely: hestudin dbatebnssobtlsienseri(EOALjeanh tisvn-

regDewel cpreeptesfithe biehdtiy Bhudreogenesi£And Lipid Metabolism Disorder in Type 2 Diabetic
Mice and in Palmitate-Incubated HepG2 Cells through Suppression of the HNF-4a miR122

243 Ripbetieladycpdienatic Ramage, .
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however, Nrf2 expression was increased 2%, Briefly, BBR inhibited pyroptosis and diabetic nephropathic damage
by regulating Nrf2 and NLRP3-Caspase-1-GSDMD signaling B2,

2.4.8. Diabetic-Induced Cardiovascular Disease

To investigate the cardioprotective effect of BBR against ischemia/reperfusion (I/R) in diabetic rats, diabetes was
induced in rats for 12 weeks. Then, saline or BBR (100, 200, and 400 mg/kg/d) was administered intragastrically to
diabetic rats, starting from weeks 9 to 12. At the end of the period of 12 weeks, myocardial ischemia and
reperfusion were induced in all rats. The results showed that BBR significantly helped the recovery of
systolic/diastolic cardiac function and reduced myocardial apoptosis through the activation of AMPK and PI3KAKt—
eNOS signaling in the mentioned animals 22, As in the above study, 100 mg/kg BBR was administered to STZ-
induced diabetic rats for seven days before the I/R induction. This BBR pretreatment reduced I/R injury and
decreased arrhythmia in diabetic rats. BBR reduced the serum levels of TGs, TC, and MDA, while it did not change
the serum levels of FBG and SOD. This study demonstrated that the cardioprotective mechanism of BBR leads to
the inhibition of glycogen synthase kinase 33 (GSK3[B) and increases AKT phosphorylation and AMP/ATP and

ADP/ATP ratios, which in turn lead to an increase in AMPK in non-ischemic areas 2.

In another study, diabetes mellitus was induced in pregnant mice and then the effect of BBR on the function of the
cardiac mitochondria and mitochondrial phospholipid cardiolipin of the newborn mice was investigated. To induce
gestational diabetes, female mice were fed a high-fat diet for six weeks before reproduction. Another group of
pregnant mice was fed a low-fat diet. Lean male offspring and male offspring exposed to gestational diabetes were
randomly assigned to a low-fat diet, a high-fat diet, or a high-fat diet containing BBR (160 mg/kg/day) at weaning
for 12 weeks. The results showed that the expression of the cardiolipin remodeling enzyme (tafazzin) increased in
male offspring exposed to gestational diabetes and fed a diet containing BBR, followed by an increase in the
amount of tetra-linoleic-cardiolipin and total cardiolipin in the heart. These descendants also showed increased

expression of cardiac enzymes involved in fatty acid uptake, oxidation, and electron transport chain subunits.

2.4.9. Diabetes-Induced Central Nervous System (CNS) Disorders

Chronic inflammation and mediators of insulin resistance cause the production of -amyloid (AB)42, a marker of
Alzheimer’s disease, in the diabetic brain . Furthermore, memory impairment in diabetes mellitus was mainly
associated with glucose uptake/metabolism in the medial prefrontal cortex (mPFC). Intragastric administration of
BBR (187.5 mg/Kg/d) ameliorated diabetes-associated memory impairment by modulating the abnormal
inflammatory response and improving insulin resistance in the mPFCs of STZ-induced diabetic rats. BBR also
reduced the activation of the PISK/Akt/mTOR and MAPK signaling pathways, as well as two isoforms, PKCn and
PKCe, and the translocation of NF-kB in neurons. In addition, GLUT3 was significantly increased in the BBR-
treated animals. Furthermore, BBR increased glucose uptake, while decreasing the expressions of amyloid
precursor protein and [-site amyloid-precursor-protein-cleaving enzyme 1 (BACE-1 and B-secretase 1) and the
production of oligomeric AB42. Therefore, BBR has the potency to accelerate information consolidation and

improve cognitive impairment in diabetes £,
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In STZ-induced Alzheimer’s diabetic rats, BBR alleviated memory impairment by suppressing the ER stress
pathway. It decreased major ER stress-related proteins in the hippocampus, eliminated AP deposition, restored the
disorganized arrangement and damage of nerve cells, and reduced the apoptosis rate of nerve cells, leading to
improvement in diabetic Alzheimer’s disease 22. A dosage of 187.75 mg/kg/day of BBR improved spatial learning
memory by inhibiting AB formation and reducing CSF/glycemia, inflammatory response, and AChE activity. BBR
has been found to increase the expression of a7-nAChRs, inhibiting CNS or peripheral inflammation ©3l. Doses of
20 and 40 mg/kg of BBR showed neuroprotective effects against neonatal-STZ-induced diabetic peripheral
neuropathy through a reduction in pro-inflammatory cytokines and oxide-nitrosative stress and an increase in the
expression levels of BDNF, IGF-1, PPAR-©, and AMPK. Through these mechanisms, BBR ameliorated impaired

allodynia, hyperalgesia, and impaired nerve conduction velocity in neonatal diabetic rats with neuropathy 241531,

2.5. Clinical Investigations

A clinical trial was conducted with 97 T2DM patients. Fifty patients received BBR (1 g/d orally), twenty-six patients
received metformin (1.5 g/d orally), and the others (21 patients) received rosiglitazone (4 mg/d orally) for two
months. BBR reduced FBG and HbAlc, as did metformin and rosiglitazone. It reduced TGs more than metformin
and rosiglitazone. BBR also decreased the FINS. No adverse effects were observed in the BBR group.
Furthermore, blood samples from the BBR group showed a high number of lymphocytes expressing insulin

receptors 21,

In another series of experiments, 35 patients with chronic hepatitis and T2DM or impaired fasting glycemia were
enrolled. Eighteen patients were infected with HCV, and seventeen had HBV disease. Again, all 35 patients were
administered 1g/d of BBR for two months. The results showed that BBR reduced all patients’ FBG, TG, ALT, and

AST levels. Furthermore, no adverse effects were observed in the BBR group 2!,

In a randomized, double-blinded, placebo-controlled study, 365 participants with T2D were enrolled and randomly
divided into four groups: the first group received a BBR dose of 0.6 g (six pills twice a day) plus 4 g of probiotics
(two strips of powder once a day) (Prob + BBR), the second group received probiotics plus placebo (Prob), the
third group received BBR plus placebo (BBR), and the fourth received placebo plus placebo (Plac) for 12 weeks.
The results showed that postprandial TC and LDL levels were reduced more significantly in the Prob+BBR group
than in BBR or Prob alone. Furthermore, several types of postprandial lipidomic metabolites were reduced:
medium-chain fatty acids (FFASs), acyl-carnitines, and multiple glycerophospholipids:
lysoglycerophosphatidylcholine (LPC), lysoglycerophatidylethanolamine (LPE), glycerophosphatidylcholine (PC),
and glycerophatidylethanolamine (PE) with alkyl and alkenyl substituents. Fecal samples from the participants
showed changes in fecal Bifidobacterium breve abundance that could be related to the therapeutic effects of BBR
and Prob+BBR. In vitro analysis showed that BBR activated four fadD genes encoding long-chain Acyl-CoA
synthetase in the B. breve strain. Consistent with this, BBR reduced the concentration of FFAs in the medium of B.
breve, which may be related to its effect on fadD genes. Therefore, BBR reduced intraluminal lipids for absorption

and synergized with Prob 8],
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2.6. Toxicity of and Cautionary Notes on Berberine

BBR toxicity varies depending on the amount of BBR contained in a compound, the route of administration, and the
type of organism. When orally administered to mice, Berberis vulgaris root powder had an LDsgy value of 2600
mg/kg, B. vulgaris root extract had an LDsg value of 520 mg/kg, and pure BBR had an LDsg value of 329 mg/kg.

When administered intraperitoneally to mice, pure BBR had an LDsg value of 23 mg/kg B7.

In rats, the LDgq value of B. vulgaris after oral treatment of the root extract fraction was 1,280 mg/kg, and the LDsgq
value of BBR sulfate after IP treatment of the BBR sulfate extracted from Berberis aristate was 205 mg/kg.
Moreover, 40% of rats experienced diarrhea after receiving 50 mg/kg of BBR sulfate, resulting in an immediate

negative impact on the digestive system 71,

Oral administration of 100 mg/kg BBR to cats caused vomiting for 6-8 h, while 100 mg/kg BBR administration for
8-10 days caused the death of all animals. Oral administration of berberine sulfate in cats at doses of 50 or 100
mg/kg for 10 days caused inflammatory bleeding problems in both the small and large intestines 8. Dogs showed
some moderate signs of toxicity at low doses of BBR and related compounds. These signs included salivation,

nausea, diarrhea, emesis, muscle tremor, and occasional paralysis 58],

| 3. Conclusions

BBR is an isoquinoline alkaloid with anticancer, anti-inflammatory, antioxidant, and antimicrobial properties. It has
proven beneficial in the treatment of diabetes and its complications, such as neuropathy, nephropathy, retinopathy,
cardiomyopathy, osteoporosis, hepatic damage, endothelial dysfunction, and vascular problems. Most of the
research concerns the effect of BBR on insulin resistance and secretion. BBR can increase insulin resistance and
reduce its secretion by enhancing the expression of insulin receptors, Akt, and AMPK and reducing NF-kB. Since
inflammation is a cause of type 2 diabetes (T2D), BBR can stop the development of T2D due to its anti-
inflammatory properties. The use of BBR can positively influence diabetes-induced arrhythmia by shortening the

prolonged QTc interval and restoring the diminished K* current and L-type Ca?* current to their normal states.

Furthermore, it can also reduce diabetes-induced fibrosis and cardiac dysfunction. BBR has beneficial effects for
diabetic patients with hypertension due to its influence on vascular relaxation. It can also decrease the activities of
AChE, BChE, and MAO, thereby improving cognitive performance, learning, and memory in diabetic patients.
Furthermore, it can inhibit neuronal apoptosis and improve diabetic retinopathy by reducing VEGF levels. It can
reduce hepatic gluconeogenesis and disorders of lipid metabolism, as well as provide a protective effect on the

liver. The main antidiabetic mechanisms and effects of BBR are illustrated in Figure 1.
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Figure 1. The antidiabetic mechanisms of berberine.
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