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CAN BRI RE . CO R SR MEE
ST A0 A A . PR, FRATTIA A SR FH SR L
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A2 A A I E SR R A R R R g, W
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1 #MREFZE

1.1 kIedrsl

BT W i 9 Sprague Dawley K FRI) F WL =
FRVEBE, Wi S5~8 g, WMEMEAPR . AVRHI A WL
WA TN 16% (viv) NaCl, 0.8% (v/v)
KCIl. 0.48% (v/v) Na,HPO,12H,0. 0.06% (v/v)
KH,PO,. 82.66% (v/v) JCHE/K; fEHIW (pH 7.2~
74, AR 03% (vv) HEBE. 0.75% (vv)
FERE . 5% (vv) BERELVSW . 2.8% (v/v) HEPES
MR, 91.15% JCIR /K s AR T - 82.4%
(v/v) DMEM (Thermo Fisher Scientific, MA,
USA) . 7.8% (v/v) Jii 4 Il % (Thermo Fisher
MA, USA) . 7.8% (vwv) I Il i
(Thermo Fisher Scientific, MA, USA). 1% (v/v)
0.2 mol/L L-4+ 2 Wt (It A4, BifE) | 1%
(viv) BB X-58% £ (Thermo Fisher Scientific,
MA, USA); Neurobasal-A {fi A W0 R: 96%
(v/v) Neurobasal-A (Thermo Fisher Scientific,
MA, USA). 2% (v/v) B27 supplement (Thermo
Fisher Scientific, MA, USA) . 1% (v/v)
0.2 mol/L L-R&E ML . 1% (vv) HEHE-HHE.

Scientific,

1.2 BLWHMATEKIESE

24 FLAT 40 M 5 3% L 22 0.1 g/l £ % i & iR
(Sigma-Aldrich, MO, USA) f3#%30 min, 70
T . B ERBRE75% (viv) TEARSTETE, Kk
fiv, JPR B R S22, BT ORI s . B
HFARBIUIEHL, B2 0.25% AR (M
AW, L), BT 37°CH 5%CO, Wk AN i 5F
FEN, TH A 20 min, B RS AEIEIE VE2 IR,
B MR 52 AT, 78 500 r/min 4533 T 2.0 30 s Ui
AR TP 2550 . PIVRE YRR R 200 B T 5 1 100/ ml 9 4
MR, BRI 0.5 ml &R FEF0 T 24 FLAR A0 M 15
FRI0L. 4 h 54 54 N Neurobasal-A {#i W, ZJ5
B3drmim, WM 05 ml, W E
10 mmol/L FJ ¥ Mi # (Sigma-Aldrich, MO,
USA), HUF 7 RIWiHE 2o H T 255 .
1.3 EREBEGHEEEZERS

I s R 7 40 5 i R 9 PG A A L R L
(OX9-1 8!, B HdgALRHEAT RA ) ot i
BERGEMES N (1) Y7 R A R R A
P G L R A . PRI T N C I Ha kot 4
. ARG R AR I A C T H R A P A R
MURGEWY, SWiTA TRl s Bess i, =
e WG B R N 0~340 Hz, W% 8N 08 BN
0.010 47~25.367 9 mT, HiJ& K 1.623%. C JE HLREER
A=, TR RN, SR [P
B . ZOU R RGP M (MFSLAL, )
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M EABRFEARERA A ). CCD &k
(MC20-C &Y, J"MITHTHISE B AR A RA ) Al
POCEG AR R S (EMF-1 81, bl i sl B A
FRATD) AR, PR (x2545) A1 CCD
3k (512x512 dpi) HF 4 A e S G 0 A A
S, EHMECRENR 2 s/l . GRS AL R 5 R
QLR b AR XL SR A MG AEA T A L 1 31 R € S
B, IR DE R L
14 BEHATRLRNER

ROS##4 DCFH-DA (3= KAWY), Lig)
Ca” &%t Fluo-4 AM (R KAW, L) s
DMEM ¥ B 2 10 umol/L F12 umol/L, ¥RINZE 25
% Neurobasal-A fff FIR 40 o Bs = A, B 240
B FE 4647 910 8 20 min A130 min 5, F HBSS &
(Thermo Fisher Scientific, MA, USA) JEVE40E 3
W, AR RIS T BB & ErCIE
RGOS A A 1, DRI R DRI 488 nm, &
FH K 525 nm.
1.5 BHIFRBEINRFE

ST 4y 41 0. 0.09, 038, 0.76. 7.33.
14.78 mT FIH,0, L 41 . Fo R 4 M 2 A3 A A %
4150 Hz, BEREN 5000, 0.09, 0.38. 0.76.
733, 14.78 mT ) T ARG, S0 ic SR i) 43 0~
60 s F160~300 s W5 ] B, FH HLRE S 0 DG 4l
HL G B GE T M = 0~60 s I [E] BE, HLEEIIT N
“XK7, JoHEY) . G R TR A ¢ = 60~300 s T[]
B, WIS T, A WY . POt B
ARG (1=0~300s) iC 2R % I I
22 JGROS I Ca 2GR B . FHPEXT RESEIG T, £ =
60 s H,O, AR Z], 2 pl 10 pmol/L H,0, ([
AR, i) AEERILT, POR R R
Gt (1=0~300s) 0% 20 M85 S5 L i H i 2t
JGROS Fl Ca* [ ZEoR I . SLIR e e, 5Ot i flle
AYARAT . ICHEROS M Ca DL ER, HARIE, 24
SR gk T A A S~12 K.
1.6 HIERESHREE

J ORISR EE IRV RE . S 5001 sl £
x(O) NEARESE . FEH G B E TR B (1= 0~
60 s), ROS il Ca (5L R . FIWi bR 2
x(OBAREU LA RS RE S (v, 0) AT
O, Plr=KVo® + X Jpifae sk =
TEd FIEE (0, 4,=60s) N, HI¥Ex 720
G35R

1

x= o 2x ) (M
&=m11§@@ymf @)

A x MR, HARSAA R -
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#(p)= D ®
FERRAS Hx,, A, =0. W22 H
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V= E;(x(L) - xe) 4)

KIEEERE.
1.7 SR AR SER

ROS Fl Ca® ¢ 5 FE x (¢) & — A MK T 1 [a] 11
—HRENLE R AR, R REPLS R . R R Ah
WHZE, Yooz 2sMEREAERR, 2ot
ROS Fl Ca> RSP BhHTAH Lo & A A XA~
AT 30 a R . x(O) FERERT BN, 7240
PR FSEBR A . b, Wi Fe e . x (o) TERLE B[] B
W, BRI Z AR R e S, (MR mARE
. c. AR . x(OERERTRI BN, B IFZ PRk
SRUEE, AHRE. AFE N UEIRESER, R
REFAL 2N 7 — AT N . SER I RER AR
F I s il S LR x () S T TR RS BN
1.8 BHEXEH

BEAILiT i ROS 1 Ca® 98 S5 B x (¢) 7 ik JJ i) (]
(T=NA) W, x(OTEMAAEBTE S 2, = it Kl 2, =

mAL IR RN
3 (i) - %) (x(i + K) - %)
R, K)=—— : (5)
;@@—ﬂ
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I
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2.1 ROSHSE T Kz

7£0. 0.09, 0.38. 0.76. 7.33. 14.78 mT 3%
DI H,0, Z2Z2 01N, LR B RE S AN R R R S L
FIGRAE I 5 2XE SRR A A 75 0L ifg T b 28T
ROSZOGLIT R, Mk B E1§ ik $E 5~8 1~ HAw
20 P2 T SIS 2 L R 2 A P R SRR N 5 B L0,
FEET, 24 B 144 ROS LA 4k
x(t), Hre=0~60s H I ZEZED, t=60s
h B RE 37T ST T 8 HLO, T AR %1, 1= 60~300 s
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Fig. 2 Time domain curve of ROS fluorescence in the

hippocampal neuron

A LG A H,0, 2 8 ) . AR JC HL i 2 2R R )
(1=0~60s), 252 OIRATEE K x, FIRGE fk

AR TR M SR RS R A x, AR
KA, W T R BRI Mo BA
BRAMRZESR . Xz, HEgIHCRESRE,
ANE R LG ZR TR L PIMEXT B4 (0 mT) 7
MR R, DM ROS RAFE . FHIEXT
M4 (H,0,) 7TEREY, BIMLITROSKRE L
HERERS, WX R L REAC 2 B BH T FRVE R

- 415 T 4 28 90 ROS %6 S I i i R 25 AR fk
WMFE1VFR, 0mT A0 x (o) EAER IR (=
60~300 s) LWL Z BRI RSN, BRER
2. 0.09 mT A10.38 mT 41535 70.0% 1 93.3% 1
x(OEEREEAN, BRIk . 0.76 mT 417E
t=218s)5, BIFREEEN, AARERS.
733 mT. 14.78 mT F1H,0,2H7E ROS 2 & Ita] (1=
160 s) REKRAHF .

Table 1 The status of the hippocampal neuron for real-time respond of ROS

Cell state before exposure

Real-time corresponding cell state after exposure

Group
K value Stable point (x,) Stable domain (r) 60~160 s 160~300 s
H,0, 3 126.74 4.19 Stable State shift
14.78 mT 3 61.31 3.51 Stable State shift
7.33 mT 2 33.64 425 Stable State shift
0.76 mT 3 53.56 2.07 Unstable after 218 s
0.38 mT 3 44 .46 1.58 93.3% in stable domain, gradually stable
0.09 mT 2 147.89 2.55 70.0% in stable domain, gradually stable
0mT 3 57.06 5.94 Stable
5 21 FL G 7 8 H,0, 22 5 5 1 Ty 2290 ROS %2
JESEIFE I AR BB R AN 3 s, A4 A R
R B0, AR Z] (r=60s), AHICEREII N1, ——:0mT ——:0.09mT——: 038 mT
:0.76 mMT——:7.33 mT——:14.78 mT

Bl UL B[] A B, AH DG BRE R T RE. 0. 0.09 A1
0.38 mT 2l [ AH G pR AR BT [R] S 584, 0.76., 7.33.
14.78 mT FI H,0,41 FI HH G BREL R VIE . &4 FHAH G
PRE SO (A IEA ), M (5) 8, 1EAH
Ko x (2,) Ml x(6,) BA A, SO CHA AN .
BRI, 7E ROS Z& AW (1=160s), x(n) A5
x(t) ZRBEKR, LAHAMKE. 076, 733,
14.78 mT. H,0, 217 ROS % & i [a] (1) FH ¢ pR 5053
Hh-0.09. -0.31, -0.38, —0.30, AJ LS 7.33,
14.78 mT. H,0, 417 ROS % % I [8] H B 1) By BRAE
280 L R O, A S 1S, 17 0.76 mT L
W5 AR N, HAAFAERBRE .

Fig. 3 Relation function of ROS fluorescence in the

hippocampal neuron
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AT T4 28 5T ROS 552 B Wi [ hR 25 25 4k 7] L L
T4,

a. TEF R (1=60~3005s), 7.33 mT,
14.78 mT F1H,0, =41k x (1) 7E ¢ = 160 s kb —1
B0 R R, 38 B T i 22 5T %) FEL G 1 ROS 1 5K
Pk i 7 ELAT AR A . 3K 2 DB i 1 A 2Ky S
OGS A

b. 7.33 mT, 14.78 mT Ml H,0, =4 #th & x (¢) 2
3NN 40 %5 37 T Hh e 22 06 L R 370 RN HLO, Y 52
Fsf e 17, VR S 22T AE LGS NG B9 100 s & A
SN, XA [RLRR M) JO7 A i) . 3 1 4485 5 3 A I ol
L5 TTXT LR 1 B [ ELAG S B

c. EFI 737 0.09 mT F10.38 mT 4 25,
ROS IR ik fee , 1 i 7 2 L 3% 7.33 mT,
1478 mTH %5, ROSIRE KA, £HH
BLA WA R, WG oo R N
It HEA RO .

d. KR 0.76 mT 4255, ROSIRES
AR, R (1=218s) A, HHA
FETER BB ER M , R IHIXE T #2250 ROS IR A48
AR G TS, g A 2800 LR 7 i L
EEN-F/o )

2.2 Ca*fyERtim Ay

1E0. 0.09. 038, 0.76, 7.33. 14.78 mT ;%
DL K HLO, 2B I, SEHH O Sifg S 28 0T Ca? wdt
SERTEMR, R AR MRS R L BE 3R 5~8 4~ HAR4H
Wi, FFehil Ca* ST 2k x (2). 1] 4 S 45 Tl Jk
PR K HO, 288 1, X 28 HARZIM % 14~40 i
Ca*szitihgk, e = 0~60 s A CHLREI R 721,
t =60 s K HL{E T AT 8 HLO, i A B Z, ¢ =
60~300 s A G EE 1,0, 285 . /e T
TR (1=0~60s), 2552 PR AR

x, FIRSE 388 r B FE 3R 2. 3k BB L b 28 TT IR SRR A
x, FVESE 3 AN — 20, B S bl 28 e Ak
265k . FURE AR WSOV R TE R DR A0 LR SRR AT
FHEAT, AR 2E FOR R S5 . B MR X B2
(0 mT) 7EHR RN, WD LIT Ca RS
. FHMEXT R (H,0,) fEREW, 54T
Ca IRAETE =170 s KA, FUIXT A GRS
A BHEXT B AR

70
60
8 50 W
2
g 40 [ J\'"WJ‘JW\)‘“
Z 30}
&
A 20
10f —:0mT  —:0.09mT :0.38 mT :0.76 mT
—:7.33mT —: 1478 mT —: H0,
0 \ . . % . .
50 100 150 200 250 300

t/s

Fig.4 Time domain curve of Ca* fluorescence in the

hippocampal neuron

2 LR S 28T Ca® 'S s i i PR AR AR A
F2 7K. 0.09 mT 4 x () EAER TIAF R[N (2= 60~
300 s) ¥ub TR R BT RESA, ERE
R 038 mT Al x(DETE ¢ = 76 s B ZI B IF HL G
RIEATHPIRSRR R, AFRE, EARERE.
0.76 mT F17.33 mT 417E 1 = 60~240 s I Bt IR FRIR
S, 1 1= 240 s 205 5304 63.3% F1159.2%
) x (O AR E RSB, R Jefue 5 it
EARZS . 14.78 mT 41 A1 H,O, 41 53 M AE Ca> % it [A]
(t=68sH1t=170s) KRAMREHH.

Table 2 The status of the hippocampal neuron for real-time respond of Ca*

Cell state before exposure

Real-time corresponding cell state after exposure

Group
K value Stable point (x,) Stable domain (r) 60~300 s

H,0, 2 20.18 1.87 State shift after 170 s
14.78 mT 3 19.32 2.43 State shift after 68 s
7.33 mT 2 54.21 2.76 Step at 240 s, then gradually stable
0.76 mT 2 55.78 0.93 Step at 240 s, then gradually stable
0.38 mT 2 38.34 1.50 Unstable after 76 s
0.09 mT 3 37.28 3.42 Stable

0mT 3 25.39 2.55 Stable
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& 4 MG 85 HL,O, 28 58 51 S 2800 Ca” 9k
SR R A SC BRBOC R WNE S BT, AU EHLRE
Yo HO0, AR Z] (1=60s), HHERBII NI,
Bl U2 1sF ] 9 E K, A SC pRBCAE R % . 0L 0.09,
0.38. 0.76. 7.33 mT 41 [ AH 5 pR Pt B[] 22 58 A%
14.78 mT. H,O0,4H AAHCHREE VIE . 0.76. 7.33.
14.78 mT., H,0,Z07F Ca™ 2 KW} [E] (1=240, 240,
68, 170 s) M #H 3¢ bR L 43 il o 0.08. 0.06.
0.61, -0.39, AJLL¥IKr14.78 mT. H,0,ZH7E Ca* &
S IR R] ER IR o BR M 22 00 | HL B 3% 35 1,0, A
S, 117 0.76 F17.33 mT By B BRI H HE G355 A
RAR/N.

—:0mT ——:0.09 mT——:0.38 mT
:0.76 mT ——:7.33 mT ——: 14.78 mT

A ‘LU“’\“"J ‘4‘“ S A i
..a\‘ \Q‘ N/ 240 Yo~ 300

-0.6 - tls

Fig. 5 Relation function of Ca** fluorescence in the

hippocampal neuron

AT 1 25 9T Ca2 S i I R A8 A8 A6 1T UL DL R
A HEE

a. fEH W #EW (1=60~300s), 0.76 mT,
7.33 mT. 14.78 mT 1 H,0, 2H i) Ca> 2 Yt SE I il 2%
x () AR A B BRI N, R I E il 28T X
T3 1) Ca? SRS e o HLAT B BRI, 33 J2 4 I SIC el o)
VAN Y 7 i

b.0.76 mT. 7.33 mT. 14.78 mT HIH,0,4H Ca*
S s ] 7 2 7 PG 7 % 8 1 HLOL T A 4 AN R4
Ji 15 % L v Vi o b 282 T Ca® 4 MR o7 B T] 43+ 531) 2
240's, 240s. 68 sHI170s, <M T 250 x}4h
Pt HL 1 3 51 HLO, (4 M 7 B ] 5A S i 1, 9F B

c. {7 G 4% 0.09 mT #10.76 mT &5,
Mg Eph 2850 Ca? RSO E , BONATE, i
FIE 73733 mT M 1478 mTH R )5, CaIk
AECHE R, SOPRERR, KRGS MZIT

Ca X HL 7 S o A ) et JF HARGRI b
TEGATIE DL 2800 Ca AP A AR I35

d.0.76 mT. 7.33 mT. 14.78 mT £ D £ 50
X LR R S, Ca® % i B2 I Ao (] 28 I e
(K 4), FHW PR 20X} Ca> 1Y HL 1 37500 107 32 B2
R, (SRS RRADC, FEds, m
Joj s T) T

3 it i

3.1 ATEEMEFHIET

LG A D8O — R g, HA RUR
YR GARSRE T 5 S A ROV 45 R L IRt
AW FR G B IR RPR S AU AR E 1Y . R FH B AU Bk
TR T LA S W 20 B g SR IR SR R 2o
R 0 AN B . 127 ¥ 2 R T FL G 3% % W5 HiT ROS Al
Ca* DL gk, SERFIN R A 1) R Gofa s FIbT
) A

K FH ARG BREOK FIWT ROS 2% fil Ca> 22 & 2
PRI R R B 1,0, i s e, MR DA HL R
Py B AEAEE . B A SC BRSO AR IE S, 1F
AR NI EE A [RIAH , 7 EAH DGR S WL
ZERNM A AN R A 22, AL H MR
PR AR ZE S Y AFSCREUN | R e eHe,
HOFIRTEEAMIE, T 1 FRmME, ZTF 1
FERGIHA I . ARG ) AT () 25 1 A DG pRER 1Y)
HEENZE, HHEREK, AFACREE .
B, 7E LRG3 I A ST BRI AR AR SO ) T SR
G-
3.2 ELF-EMFs, ROSHICa*HIE R4

V2R, Ca? X F ROS 7= A E Wb ANT]
DRy, Ca FIROS J& 4 LA [F] i oA BAE A4S
fii 1% —BEHFITIA R Cat e S B ROS ZEfL Al JHL A
1 3o LA AR I I B 3G ROS A= AT 5 41 i P Ca**
K, LAKAZE ROS FIFIE AL A Ca*. L P Ca*'-
ATP [iff F1 Na'/Ca® 3¢ #6407 17 14 52 41 M P9 S8 A 0tk
AT [FRF, Ca m B I AU Ak S AT I H K
I TR AP A, AR v A R ST Akl K
S0 5 — BB RSN A ROS & F 3 Ca* AR f 1Y i
.2 =AU SE R EAE AT, tlUA/BE M (sarco/
endoplasmic reticulun, SR/ER) 5£&R 1AM ALY %
W) ROSTE N, . Ca W B TH i ML R RSB T- 2
A EAER, AL T 4EMBE T AT R OC R, 5
M 2 B BRI v A o 2

TEH A T 77 42 ROS il Ca* 28 Ak K S 1k Ty
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M, SRA AT JEAFERIIGIR, (H3Z 55
ARI7VERR . #2290 ROS, Ca® Fl ELF-EMFs
PRI SR 5 v A PRI . DT 5 28 4 1 R AR FH 4
PR G 155 % W 0 4 D P ROS T Ca 784k 22| 52
FW, SERHE RIS Ca & 1A B0y i 22
SIS HL % 3 20 B 2 8 A R T ROS 5 Ca™ A 2Rk
5%
33 FEAEESERE

FERSRFZI R, BEA L R 48 Rl (R A5 1k Y b
BLAE 5 . ROS Fil Ca™ 9 6 AL i 26 x () 46 15
s(2) FIRERS n(2) PR3 -

x(t) = s(t) + n(?) (7)

M () B BEPLEE, PIE ROS Fl Ca® % sk
B 2 x () J&— A BEMLE R . BEAL R A AT
FEEYIE X () A5 2 62 (1), IR A AR . BEAL
AR BEH L R AR AR BEN L R P FR, P
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Methodology Study on The Real-time Response of ROS and Ca* to Extremely
Low Frequency Electromagnetic Fields in The Hippocampal Neurons®

CEN Ze-Nan, HUANG Wei-Wei, BAO Jia-Li~, ZHENG Xiu-Xiu, ZHU Chao-Yang

(Research Team of Biophysics and Medical Engineering, Bioelectromagnetics Laboratory of Zhejiang Province, School of Medicine,
Zhejiang University, Hangzhou 310058, China)

Abstract Existing research methods for biological effects of extremely low frequency electromagnetic fields
(ELF-EMFs) are comparison between groups, with inability to exclude individual differences in cell sensitivity or
changes in conditions during experiment. This work proposed a method for real-time effects observation of ELF-
EMFs in the same cell and same condition. The stability domain was used to identify the stability of hippocampal
neurons before ELF-EMFs exposure. At the time of electromagnetic field intervention (=60 s), ELF-EMFs were
exposed to hippocampal neurons at 0, 0.09, 0.38, 0.76, 7.33 and 14.78 mT, respectively. Reactive oxygen species
(ROS) and Ca* fluorescence response curves of hippocampal neurons were recorded in real-time, and the
autocorrelation function between ELF-EMFs and fluorescence response was established. The results showed as
follows: (1) The step properties of fluorescence response were clear at the burst times of ROS and Ca’', which
were important indicator to identify the real-time response; (2) The response time of ROS and Ca** to ELF-EMFs
were delayed and inconsistent; (3) ROS and Ca® had dose-dependent response to ELF-EMFs; (4) The response of
ROS to ELF-EMFs was complex; (5) The response of Ca* to ELF-EMFs was asymptotically stable. When
correlation function exceeded 0.3, the real-time response of ELF-EMFs and ROS/Ca* was correlated. It was
concluded that a real-time response method of intracellular ROS and Ca** to ELF-EMFs exposure was feasible for

the evaluation of electromagnetic bioeffects.
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