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Regulation of N-methyl berbamine on intracellular calcium homeostasis

YANG Dongning,ZHOU Shi, LI Yuelin,ZHU Junmeng, HAO Liying, HU Huiyuan
(Department of Pharmaceutical Toxicology , School of Pharmacy, China Medical University, Shenyang 110122, China)

Abstract Objective To explore the regulatory role of N-methyl berbamine (N-MB) in intracellular calcium homeostasis in H9¢2 car-
diomyocytes, and, thereby, clarify the possible mechanism of the myocardial protective effect of N-MB. Methods Binding of N-MB to
Cay1.2 channels was simulated using the MOE software ,and the binding affinity and binding mode were determined. The hCay1.2 gene
was transfected into HEK293 cells,and the effect of N-MB (30 wmol/L) on the Cay1.2 current was detected using the whole-cell patch
clamp technique. In addition,a Fluo 3-AM fluorescent probe was loaded into H9¢2 cardiomyocytes,and the effect of N-MB (3,30 pmol/L)
on intracellular calcium ion concentration was observed under a laser confocal microscope. The effect of N-MB (3,30 pmol/L) on the
expression of Ca™* regulation-related genes Cacnalc,Cacnb2,Ryr2,Serca2a,and Nex1 in H9¢2 cardiomyocytes was examined using
real-time quantitative PCR. Results N-MB was predicted to bind to Cay1.2 channels. The binding sites mainly involved Phel191,
Thr1420,and Asn771,and the binding modes were H-donor, pi-pi,and pi-H. N-MB (30 wmol/L) significantly inhibited Cay1.2 currents,
with an inhibition rate of 76.09% + 7.41%. The fluorescence intensity of intracellular Ca* level in H9¢2 cardiomyocytes was significantly
enhanced with N-MB treatment (3,30 pmol/L,P < 0.01). Compared with the control group, differences in the expression of Cacnalc,
Serca2a ,and Nex1 in H9¢2 cardiomyocytes were not significant after N-MB (3,30 wmol/L) intervention (P > 0.05), whereas the expression
of Cacnb2 significantly reduced (P < 0.001) and the expression of Ryr2 significantly increased (P < 0.05). Conclusion N-MB binds to
Cay1.2 calcium channels. N-MB may regulate intracellular calcium homeostasis by inhibiting calcium currents by decreasing the gene
expression of Cay1.2 calcium channels. Additionally, N-MB may also increase intracellular Ca>* concentration by promoting the expression
of Ryr2,which could be the mechanism underlying the myocardial protective effect of N-MB.
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NI
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i 2 R GG PR R S AP B (tradi-
tional Chinese medicine systems pharmacology database
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temsp.php) K FFN-MBIY 4544, il ik PubMed (https : //
pubmed.nchi.nlm.nih.gov) 3 £5Cay 1.2:8 18 7Y & FE iR
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1.3.1 HEK2934fi ifd : £33 3¢ iAhCay 1.2 HEK2934f
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5% COIGFRAE G, 1548 hi%l « 4B HEATIEIC,
LT )T H90% DMEM . 10% B42F 1fiLi% .2 mmol/L
L-glutamine . 100 pg/mL G418 .100 pg/mL hygromycin
BHI40 pe/mL zeocin, S5 24 K W A 41 i 85 97 L7
W, FAPBSHIYE IS , JIA0.25% trypsin-EDTA I, &
Ui T I AE3~5 mino FEREIH AL, A M SR R S
W MM RS 25 T A B O SR A SRR L 45 1
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N AR AR S Cay 123038 FLTE AR A1
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HEPES, 20 mmol/L, TEA-C1, 10 mmol/L %% 4% , HINaOH
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2 Vi HL BHL R 2~5 MLQY o 45 38 388 B0 Pl A A AR 2 4
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FE R DK 488 nm, & B A1525 nm.,
1.6 SEHE S PCRAG

iz BERN AR B 77 & Ul W 45 25 3R 4R B4 i
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¢DNA Jii | SYBR Green Premix Ex Taq Il 7£ Applied
Biosystems 7500 52} 5 S PCRZR G2 H itk A7 S o [
N ANT R AR KIREEOS °C L 1730 55 SR 5 &
195 °C5 5,60 C34 s, P HEA0MEIA LI 45 ] f5
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NESFHEGEIFE L,

=1 51975
Tab.1 Primer sequences
Gene Primer sequence (5°-3") Product length (bp)
GAPDH Forward, CAACGACCCCTTCATTGACC 208
Reverse, GAAGACGCCAGTAGACTCCA
Cacnale Forward, GATGCAAGACGCTATGGGCTATGAG 287
Reverse, GCATGCTCATGTTTCGGGGTTTGTC
Cacnb2 Forward, GGACCACTGTTTCTTGCTTGT 235

Reverse, CTGCTGACTTGGCATTAAGA
Ryr2 Forward, CCAGTGGGACAGACTGGTGA 141
Reverse, GCCTTATCCATGCCCAGTAA

Serca2a

Forward, TCTGACTTTCGTTGGCTGTG 121

Reverse, GCCTTTGTTATCCCCAGTGA
Nexl Forward, CTTCGTCCCACCTACAGAAT 309
Reverse, TGGTAGATGGCAGCAATGGA

2 #£R

2.1 N-MBFICa, .23 15 (454 T

i ST MOERR $UX) 452 52 55, & BAN-MBHICay 1.2
WIE A LSS (KITA), T B45 A7 5.9 K Phel 191
Thr1420,Asn771.Glu340 ,Asp342FilAsp341 (K]1B),

gESLPEAY o U, I 2 TR AR R A R
R 1, A0 BLAE 19 77 2UF H-donor . pi-pi . pi-H 3%,
W2,
2.2 N-MBXfCay 1. 23 18 H 37 (151

4 20 M R B S B 45 AR B R, 30 umol/L N-MB
X} 55 YehCay 1.2 HEK 29341 ifd (1) Cay 1245 18 18 HE I



- 100 - HREERRESR H54E

P B AR L SRR AR L, I A30 pmol/. ZEF A Giit 5 X (P <0.05), W2, 3 7RN-MBH]
N-MBALERS , 55 IR YU (ELAN (2479 = 7.27) pA/pF 4 Cay 1. 251818 , 25 0 15 4 N A5 FR 2
WD Z (=5.67 = 1.72) pAlpF 15K (76.09 £ 741) %, 2.3 N-MBXFTHOc2.LJLAHMI N Ca™ ¥ BE B 50

A & G B
A, 3D diagram of N-MB binding to Cay 1.2 calcium channels; B, 2D diagram of N-MB binding to Cay1.2 calcium channels.
E1 N-MB5Ca 1. 2fBBERES
Fig.1 Binding of N-MB and Ca,1.2 calcium channel

%2 N-MB5Ca,1. 25 @EFME AR
Tab.2 Predicted binding sites for N-MB and Ca, 1.2 calcium channels

Binding sites Binding types London G scores
Phel191 pi-pi -8.10
Asn771 pi-H -6.76
Thr1420 H-donor -6.57
Glu340 H-donor -6.57
Asp342 H-donor -6.13
Thr1420 H-donor -5.97
Asp341 pi-H -5.97
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% 0

1 &

Control
100 pA
50 ms

A

A, representative traces of Cay1.2 currents recorded in HEK293 cells stably transfected with hCay1.2 gene using whole-cell patch-clamp; B, statistical plot
of peak calcium current. *P < 0.05 vs. control group.
E2 N-MBHIHIHEK2934HAa 1 #ICa, 1.2
Fig.2 N-MB inhibited Cay1.2 current in HEK293 cells

N T 2 B BN-MBXT A0 N Ca” P JE 5 1 5% BRALA LE , 3 pmol/L N-MBZH .30 pumol/L N-MB41
F , 2R FFluo-3AMPE AR ICEE A ORI IE G0 2 34 (BP < 0.01), 22 A3 pwmol/L,
N-MBXTHOC2. U LA AR N Ca™ Vi BE I SE MR o 25 R, 30 pumol/L N-MB4J ] T &5 .0 UL 40 Jf 4 Ca™ ¥k B2 (151
Y BEZH .3 pmol/L N-MBZH .30 wmol/L N-MBZL 40N~ 3) .
DGR 1.84 £ 0.51 . 4.68 £0.51.3.19+0.57, 2.4 Ca™ AR Fk 197254k
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A, representative images detected by laser confocal scanning microscopy in H9¢2 cells before and after treatment with different concentrations of N-MB; B,

fluorescence intensity curve.

E3 N-MBH 0 T HIc24H Bl i Ca® I 55 K38
Fig.3 N-MB increased Ca* fluorescence intensity in H9c2 cells

S 52 FEPCRAG IN-MBXF Ca™ i 4 AH 56 3 [K]
Cacnalc,Cacnb2 ,Ryr2 Serca2a,Nex 152 ik W) 5 Wi,
25 I Won, 5 XA He, N-MBT#il J5 , Cacnalec,

SercaZa ., Nex 13% 35 7K -

F¥TG AR L (P>
0.05), M Cacnb23& 15 7K F-W] i B % (P < 0.001), Ryr2
FARIKP I TR (P <0.05), W33,

&3 N-MBXtHOc2::AL4BECacnale, Cacnb2, Ryr2, Sercala. Nex13RikHIFSNm
Tab.3 Effects of N-MB on mRNA expressions of Cacnalc, Cacnb2, Ryr2, Serca2a, and Ncx1 in H9c2 cardiomyocytes

Group Cacnale Cacnb2 Ryr2 Serca2a Nexl
Control 1.00 + 0.00 1.00 +0.00 1.00 + 0.00 1.00 + 0.00 1.00 £ 0.00
3 pmol/L N-MB 1.03 +0.62 0.37+0.11" 2.13 +0.34” 1.21£0.37 1.09 +0.69
30 pmol/L N-MB 1.05 + 0.45 0.27 +0.13" 1.39+1.32 0.91 +0.34 1.35+0.42

1)P <0.001,2) P <0.05 vs. control group.
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N-MBAy 0/ INBEH () JCAR 7, AT BF e
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25 FAnA  N-MBA] LU 5 Cay 1 25583845 4. N-MB
Z 5 4 M N SRR AS AR, RO LR T 3L
Y FAMLE T B 38 a2 410 1 Cay 124538 38 ) F2 5410 1
5 L TR SHR HERyr2 0 223 , I TH 55 41 i P Ca™
VR R SR AT AR T R SR 2R R 1 O
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TRAP LT PR AT 22440
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