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Effect of negative polarity electret on dielectric properties and hypoglycemic effects of insulin

LIANG Yuan-yuan, YUAN Wang, HUANG Ping, GUO Xin, XU Jia-jie, JIANG Jian’
Department of Physics and Mathematics, College of Basic Medical Sciences, Navy Medical University (Second Military Medical
University), Shanghai 200433, China

[Abstract] Objective To study the effect of negative polarity electret on the dielectric properties and structure
of insulin, and to observe the influence of electrostatic field on the hypoglycemic effect of insulin. Methods Negative
polarity electrets of —500, —1 000 and —1 500 V were prepared using polypropylene film by a gate voltage corona
charging system, and were used to treat insulin, respectively. The equivalent surface potential of each electret within 48 h
was measured by compensation method. The relationship between the polarization of insulin and the electrostatic field
was measured by the dielectric constant d;;. The influence of the electrostatic field on the molecular structure of insulin
was examined by nuclear magnetic resonance and gel electrophoresis. Insulin exposed to —500, —1 000 and —1 500 V
negative polarity electret for 12 h was injected into the diabetic rats, and then the hypoglycemic effect of insulin were
observed. Results The potential differences between the two sides of insulin solution effected by negative polarity electrets
with different surface potentials were exponentially increased within 0-4 h and gradually became constant at 4-48 h. Compared
with the insulin patch treated by non-electret electrostatic field, the d; values of insulin patch effected by —500, —1 000
and —1 500 V electret for 12 h were increased by 14.7 times, 26.7 times and 45.0 times, respectively, and all tended to be
stable after 12 h. The spatial structure of insulin exposed to electrostatic field did not change, but the hydrogen bond content of
most perssad was decreased; the proportion of monomers of the insulin was increased, and the main structures of the insulin
were monomers and dimers. Compared with the electret-free insulin treatment group, the blood glucose content of diabetic
rats treated with the —500 V and —1 000 V negative polarity electrets insulin for 8 h were decreased by 50.9% and 22.1%,
respectively (P<<0.05). Conclusion Negative polarity electret can further improve the hypoglycemic effect of insulin.

[KFBHEI] 2018-04-25 [EZHH] 2018-06-06

[(BEL£mB] FEFEARR:I4(50977089). Supported by National Natural Science Foundation of China (50977089).
[MEHEEN Pz, fit4. E-mail: langyy 208@163.com

{5 ¥ (Corresponding author). Tel: 021-81870921, E-mail: jjiang@smmu.edu.cn



97 WI. BRIRE, S5 GURVETTAR ORI B 2R A H R B B RCR 15 R

e 799 -

[Key words] electrets; insulin; electric fields; biomolecular nuclear magnetic resonance; hypoglycemic effect

F 1922 AFHI I8 230 P HE IR LK, 1By
2RO N A IR I S8 s U AN A e 14 B
WHIZS . th TSR OIRG 255 % B i pH Mk
AT T AR, [ A PR AR 231 o R AR X i
/N bR A B A ER S BUR R R
I ARER 259 = WA EERATG, - DRIl R 38 R
TG 2. ST Z B 4h 2507 AP AE K
ZARRKNTT, B4R TRRHE RO
T B e R 3R A2 B i, e R
VANl o= S a i IV P R 770 i P EN DL (B R
ST (RS e 37 FH X I £ 3 8 4 45 T 14 S
DHARIE, T ERR R R B 4 25 RS
FRI LRI TR O T BRI R e 2%
R BISCR B S A OCHIL , AR d i A L
B dyy BB EREILIRFIEE I B Uk STk R 28k
LA PR R SRR, IR AR R
RS2 PR A A L 0 5 R AR PR B A
DAL RRMACR o

1 #FRFFE

1.1 SB#M#H5xsE REMEKE (PP M, X
JE 13 um; HARmIHR 4 ) o RS R (I
DA E M ABRAF ), SIRAWEE
( streptozotocin, STZ; [E Sigma AF ) , N
JSERR G ( Eudragit E100, %[ Rohm A#] ) ,
PRUEER 1 (SR DM Tk R 458 e H Dk (I AR X 3 e b
HER I, R B AE X 4> BT E L 14 400~
97 400; b#EETHEAEYEARARATF ) o BER
A, SR FIER . FPEREN . SN
FrERR T =l . CBESFN [ E 2 4 A b2z
BT, pH 7.4 BEFRERZZ P ( phosphate buffer
solution, PBS) #& ( "Hr4e A\ R ILFIE 2581 ) fid
il MHEE R R R RS (RS TR
SRR R RS BT ), ESRI102A TR Bl AL 25 e
T (At R AR AR ), ZI-3A BIAfER:
A dyy MR (P EREERE S 5T ) . AC-
300P BB @EILIRIEAL (78 Buruker A7) ,
OneTouch®UtraEasy™ IfiL##{X ( 3£ [E Johnson 2%
A ) , DYCZ-30C HUEERCFEIRANL . T B L Ukl S

[Acad J Sec Mil Med Univ, 2018, 39(7): 798-802]

HFHESE (bR —APRHEARA A ) o

1.2 BEHAHERFHE GG E KM
Bl R 2 R RGN PP AT, Eh
JEA—15 kV, FuHEHEZY 5 min, Hl458—500.
—1000, —1 500 V SRR, [ HRSIHE
257 T e A MBS DU A S A5 S AR AE 48 h Y
(SRR THT FRLAE

1.3 ZBEBALEGHRE LERHW AT I
mE HEREA 1 mL BREREW PP /NS
BT —500. —1000 F1 —1 500 V 544 R TAT -
12 h, i FHR sh AL 28w e il A Mk R T R
AEIAE

1.4 dy; ZEFM 2 NEERIEH B3
B, IMAMERT =, Afsam AR
R (pH 7.4) , IREWSIEHIT PP AR (54f
Z) b, AKTE 12 h, HlEEBSET . %
IR £ 2R I 7] 9 5 4 22 40 I AE — 500, — 1000,
—1 500 V JERARR SRR TE b 24 h, FIHMERE 45
DN 5 0~24 h PYJBEES 22 AL AL 5 4 e
P

1.5 AZmEERmF 58wk 4rHE pH 7.4 (1)
[ ZANZ —1 000 V BENAAVER] 12 h (Y
RN 30 uL, 2. RUK . YLt RN S
FIBEI B TSI, MR E TR A
s . P ORA IR L i e 5 2 A, JFHC 1 mL
[R5 IR BT PP /M2 —1 000 V AR
YER 12 h, iz AR REERIEA SO 5 A 2 AR A4
G IE AR ARAE S R 5 R 1 S i e iR, P9
ST IR B 22 00T S5 A B 52

1.6 REBHHEHBEE  WERREHEYE SD
KB, B (200420) g, wifE24 %0 R
(B TR SLmshyrh AL (S rr
AfHES . SCXK (97) 2013-0016]., %3k [9]
P RO IR R B, I e A o o K LR
XPoren, WIRIEMARVERIE S R4l . —500 V 3
WARVE IS Z 4 . —1 000V FERAARAE IR
RAM—1 500 V SHERARIEHBES ZA, LIER
SD K EAEMXTHRAL . X REZH KRR NS 0.9%
AEFER K 1 mL/kg. BB S B0 ik 5k



* 800 -

B ZEBE R 2018 4R 7 H, 539 %

0.1 mg/mL (2.8 IUKkg, pH 7.4) MTESK, 4T
TC I AR A2 FH 1R 5% 2% 40 s R BB T T 4 e B
W ARVE IR S R (1 mL/kg) , 3 MK
A P 8 5 22 AW R s R BRL 430 B2 R S — 500,
—1 000 I —1 500 V AR/ BB &
(I mL/kg) . 0,05, 1.5 3,45, 6. 8h /5l
E A5 AR R I B 7

1.7 %itsa N SPSS 17.0 B 8dE Ak
B, TAEBIEILL x+s FoR, 4L HLECR TR
EHEMT. KKK (o) 4 0.05,

2 & R

2.1 FREFIER M AR 6 T BSY
N 5 J 5% 2 S V) B AR A PR 3 RV R
53 25 A W 0 P S ) AR A R (RS R R
VA0 5 R 37 RT A AR T A AR A R T EL AL R
T B I 2RV R T A A A A T L AL 1 22 {ELOR
W) , ZiRWE 1 s, —500, —1 000,
—1 500 V BEHAALE 12 h N4 2 290, 480,
920 V YA ZAEH TS RIEW, RUTERAR
1) S5 250 2R T F 5 B v, AR TR S R W Ak
P HL 37 1R B TR o AN [ T H A7 B AR PR AR A
F1%) 45 20 3% THT FAL A7 Bl s i) A28 R 5L AR ) AR A R
H: 0~4 h NEIELFESMA LA, 4~48 h N
FEARMAF A ZIEF] PP BE A AR Y 2 1 e (o7 78
12 h IWEISARZD, SCG e RIS i RS R IR
F18) 70 ARG P T A A ) A6 252 1T P ELAT R A AR
PR, RS RTEGEARS MR E T AT Bl A

1400 = —1500V —=-—1000V = —500V

1200
., 1000
S 800}
B 600
B 400}
200 f
0 12 24 36 23
sHE] ¢/h
1 AEFREBEAAREEREIEARERERR
B ZR T
n=3,xts

2.2 MR IR ST A RS
A T) 2R T H A 7 A A AR A 5 | R e 2 2R A A A A
FELL N B B 2R A AR JEE 5 BRI A S b B 37 1 O
F, ABFEFIIMERRAS dyy DN A0 1 T 5 A 14

VER 24 —500, —1 000, —1 500 V FEHARAEH
24 h 4 HES RN dy (6. 455 (K 2) SR,
AN ) 2 T FL AT AR PR B A 1 i 2 R 50 1)
{E7E 0~8 h NTEHH 84k, 8 h J5YRfR Al e 2
TR LT, 5 O AR AR R 5 R 4L A L
—500. —1 000, —1 500 V BEHARVER 12 h Bk
SRR dy (E 512 T 14.7 £, 26.7 f5H0
45.0 fi5. RS R ZHMRRER NI, HAR LR
JE AR AR SR T F S A s XS RE L. AMEEIZE]
12~24 h J7, /R[] R 7 BRI B AR AR FH i 2
FIERIAY dys [ERSA Y, (H22 R TG0 X
(P>0.05) , FW LR [a] BE Py e 5 R A AL AR
T

- —1500V = —1000V

= —500V

180
160 |
140

o~ 120 -

Z 100 -

2 8ot

~& 60
40t
20+

0

éll- 8 1I2 1I6 2IO 2I4
BT #/h
B2 AEFREEAARMEFREER
BERENSFIN 4, ERER ER L
n==6,xxts

2.3 SR B LS Hea R
PRI L AR LI RAARIE R FIZE —1 000 V 3EAR 1A
YER 12 h Ja R R REILIR &0, #R1TAMEH
Yo | 5 ZWAL R ML . &55% (& 3) &
N, —1000 V IERARVERT 12 h J5 5 R AR
2N RS R 2RI AR R B R A A R AW
WAL, £ —1 000 V HEA AR A AR RS
ML 2E IS, R 02 R 45 A ok & A B g AR
o BRIENIAET 2.41 F1 2.50 IR IEA B ok,
At e T 4y A AT i AT AN [ 2 B F Uit
A, H bR RS A 0.73 B AR B s, 2
NG E G R 5 25 rh R oy SR AT A B 1
Fruds, anfg s o T AN 4 b &R (Tyr)
MR E R (Phe ) 19 L0 DL RO TR . RS2
M2 . W& AR B-. y-. 8-CH, J/b, H
BRI B-. v-CH, 3, B/ b S s 7
IR 8% 2% AR R AR 28 R B 3R 43— ] 1% i HE A LA



557 SRURAE, S SUMCPESE A MO B A R B MR 1

* 801 -

FH, BEE TR Z 454 h R L ]

SR RIS ff L 7 0 Je  ZE 5 R s,
B ISR 4 —500, —1 000, —1 500 V
FEMARAERT 12 h J5 1 AR 73 o e AR
SN, REIFRAARTE R 2R Z AR A
R AEAE (RIS B IRAR DA S F B i 2
5800, IR 11 600) , ZANFEEHAAR
YVE e 9 5% 2R AR X 43 o i M A e T U oA
ZBE A FH RS A L TC I B 22 5, R IR
TRIMFHR I AR RS R — . A5 SRR
R, SrERIEES R 2 DRI AR R K
I AAFTE

L A n : : L L v A
14 12 10 8 6 4 2 0
WAL (X107%)
______wmgmmMJL
T ! L . B

1I4 12 1I0 8 6 4‘1 I2 0
2B (X107
3 RELFEREIERAFIZ —1000 VEREIERB)
R ENZEEIRSE

2.4 BB EGER G MR B FOBEREZR KU
T DR R BRI A 5 o Bt st ) A AR fE R N ] 4
TN o GRS T] 2 T E AT B AR PR B R AR A Y R
F Y M R R 4 g AR R S R AL .
0~3h N —1 000 V TR AAAE S 28 O REAE R
RffE, 8hmf —500V F1 —1 000 V FEH AL
B &5 2 4R B IOBE 5 243028 (5.96£1.60)
mmol/L 1 (7.88+2.99 ) mmol/L, 5 ICEH:HIANE
FHIE S 240 [(10.1126.66) mmol/L] #H 4351 F
T 50.9% F122.1% (P<<0.05) , 8] —500 V F1
—1 000 V BEAARAE G BB i R HA RAFRE

BERCR . —1 500 V BEARAAAE S 186 5 2R A B pE AL
RE TIHMARENES RAH, RbaES R
IFEMESCRAAE T G, IR R A L
R PR R B

31 o —1500 VAR AAERIHS 24
30f = —1000 V EERAALERIBRE R4

= —500 V HEARARVE RS EAH
25 - TCHERAREARS RA

I c,/(mmol « L")
o

5 -
0 1 2 3 4 s 6 7 8
Hffa] #/h
B4 FEFREBEAAREFRIEER
R B EHIFEENE

"P<0.05 S5ICHMMAE LS ZHMLL. n=6,x+s
3 it 8

AWEFEHG PP R A5 BOAS [ HE R A B P A
&, LA™ A R e SN 1 E R A IR E
RS R s LR BN, AN w7 i
SRR AARYE FH R & R W 48 h I5F, 808 RIS mi
(1) LAV 22 B N TB) 24 S AR B T, 4 h 5 iR
s TEE . X ULHITESN A E T N 2R 4Tk
Wk, WARRIR S 250 TR AN Sy e B m] 220
SR A ] 25 R B LT, ELBR
5 RO T 0 AR B2 55 T A AR 19 2% 1T LA 2 E A
K dyy AR ZE Rt —5 R T S R
fERLAE

W R S R 2 AN R S 2
()75 [R5 A R A B ARk, (HS o JE P S
wRAE TR, SRR TR 2R AL SR X 2 R
SRR, LM RS R T RIRRI 25
FRsE Mk, DATIHE =y 1 I8 R 4540 Hh B SR A L 451
AR T RS R AR . BRI K SE R e
SET SRS A I ARG I B 2R A SRR
HL 1 e 5 2= AT LA B SRR — SRR AR E

SR —A I ZE —500, —1 000 V 3E%
AL PR R 5 28 0 2 (R 25 A A R A s . R R
AIREFESMNE A TE ] PR, SO S R R
IR fh S T (%) 7 P P A A B LR LV E )
FEAARAL, PEI R R AN B,
—1 500 V SEARARAE FIIR B 2R B BERCR 8 TR &



° 802 -

BOFEERFFM S 20184E7 H, 39 %

FERARAE IR 22, DEIT A 71 P e Jo 5 2R 1
FERASCR BAT R BT R0, (AR AL 5 2k — 20
E}I:?—‘EO

LiLprid, SO A AR IR ] S 1R

iy AR AL, AR B AT R, SR
1 2% AP TE] A P HE R g, DA Bl s R ) 2R LA ]
MBER IR GRS, AR TR R IR AL,
Pt BRI AR . & B AN [ 3% i L (0.5
A AT A SR o e 5 2R AR,

(& % x #f]

(1]

(2]

(3]

(4]

(3]

SHAH R B, PATEL M, MAAHS D M, SHAH V N.
Insulin delivery methods: past, present and future[J]. Int J
Pharm Investig, 2016, 6: 1-9.

MARWAH H, GARG T, RATH G, GOYAL A K.
Development of transferosomal gel for transdermal
delivery of insulin using iodine complex[J]. Drug Deliv,
2016, 23: 1636-1644.

FEISZTHUBER H, BHATNAGAR S, GYONGY M,
COUSSIOS C C. Cavitation-enhanced delivery of insulin
in agar and porcine models of human skin[J]. Phys Med
Biol, 2015, 60: 2421-2434.

MOHAMMAD E A, ELSHEMEY W M, ELSAYED A
A, ABD-ELGHANY A A. Electroporation parameters
for successful transdermal delivery of insulin[J/OL].
Am J Ther, 2016, 23: ¢1560-¢1567. doi: 10.1097/
MIT.0000000000000198.

HERMANNS N, LILLY L C, MADER J K, ABERER F,

[9]

[10]

(1]

RIBITSCH A, KOJZAR H, et al. Novel simple insulin
delivery device reduces barriers to insulin therapy in type
2 diabetes: results from a pilot study[J]. J Diabetes Sci
Technol, 2015, 9: 581-587.

HADEBE S I, NGUBANE P S, SERUMULA M R,
MUSABAYANE C T. Transdermal delivery of insulin by
amidated pectin hydrogel matrix patch in streptozotocin-
induced diabetic rats: effects on some selected metabolic
parameters[J/OL]. PLoS One, 2014, 9: €101461. doi:
10.1371/journal.pone.0101461.

DONNELLY R F, GARLAND M J, ALKILANI A Z.
Microneedle-iontophoresis combinations for enhanced
transdermal drug delivery[J]. Methods Drug Deliv, 2014,
1141: 121-132.

AT TEOCAE MWL, 81 B 5 A PRSI HL UK
FOR KR AT BE IR ()], A= H AR 18 412,2010,6:57-64.
FSEH BV GBI AU NE, 5 2, VL R A PSR AR XS
Jige 5 2R B AR S I (4 S ) SE SR AT SE 0], e L TR
K,2014,40:3816-3821.

CISZAK E, BEALS J M, FRANK B H, BAKER J C,
CARTER N D, SMITH G D. Role of C-terminal B-chain
residues in insulin assembly: the structure of hexameric
-human insulin[J]. Structure, 1995, 3: 615-

B28 B29

Lys™Pro
622.
BRANGE J, RIBEL U, HANSEN J F, DODSON G,
HANSEN M T, HAVELUND S, et al. Monomeric
insulins obtained by protein engineering and their medical
implications[J]. Nature, 1988, 333: 679-682.
(A3 48]

i 471



