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[ Abstract] Objective To investigate the effects of microwave irradiation ( MI) on the activity of supero-
xide dismutase (SOD), ECV,,, catalase ( CAT) of erythrocyt, and the mobility of ECV,;, membrane lipids.
Methods (1) Eighteen culture flasks of ECV,,, cells were randomly divided into three groups of 6: a sham MI
group(A), a once irradiated group(B) , and a thrice irradiated group( C). After MI, the cells were scraped and
lysed, and the activity of SOD and CAT and the content of glutathione ( GSH) were determined. (2) The erythro-
cytes of Kunming mice and purified SOD and CAT enzymes were also collected and randomly divided into A, B and
C groups (n=9). After MI, the activities of SOD and CAT were determined. (3 ) Forty-eight culture flasks of
ECV,,, cells were randomly separated into A, B and C groups, including MAL 1 labeled and 5 Doxy labeled ali-
quots (n =8). After microwave exposure, MAL 1 and 5 Doxyl were added, and their ESR spectra were recorded.
Results Compared with group A, the CAT activity of the ECV,,, cells in group C was significantly lower and the
SOD activity and GSH content also were slightly lower. However, the SOD and CAT activities of the erythrocytes in
group B were markedly increased. Compared with group A, the activity of purified CAT in group B was significantly
higher. Compared with group A, lipid mobility in the membranes of the ECV,, cells in group C was significantly
lower, but there was no significant change in the mobility of ECV,,, membrane protein. Conclusion MI can en-
hance the CAT activity of erythrocytes and purified enzymes, while that of ECV,, cells is decreased. MI can inhibit
lipid mobility in ECV,, cell membranes.

[ Key words] Microwave irradiation; Antioxidant enzymes; Mobility of membrane lipids

TR 2 B8 A 2800, S B0 S RO AR L D IR TR AR T 10 mW/em’® BTG AR 5
TR O B AT AN KN B 4

HEA T E 5 A RS VR I H (30370363 ) (WW/em® ) BT 2 5% AT (ol i BRI 35 ) B 28 5 555
f% 0100036 JL5T, % AL PR IR (T ) s FH Y IR 2 T REZS AL, IR0 i 375 P ok i s 35 50 R
PFBERUS SRR AT B E B IEPT (AR E R B8 R AT [& TIN5 R AN ST AR 471 ] i 200 i e £, A e 728 T AZ: 20

AR SE0T, Email vok@ b ac. e i 15 T 85, 35 B S50 T 2 R



rRAE IR SRR E 245 2007 4E 2 4529 #5452 ] Chin J Phys Med Rehabil, February 2007, Vol 29, No.2 - 101 -

Pt 48 A i 40 88 4 Ak 1) 152 1k B ( superoxide  dis-
mutase, SOD) i F AL A B ( catalase, CAT) 7E4E 154 W)
PR AL T PO B IR AR, PR A
TEPER A 2 SR N AR N SCTR 28 1 AR | T
P A AR IRONE o G AR I RN BE R R BUE MR
FrE AW B Al 52 [ i S i
Tt T35 P T 1) 42 S S50 B PN 7 A AR A e A A
L B2 h SR B AR 70— R 1R < MR AR R 2 A R
F R B S R AR 1 1 1 2l RS 5 ) 2 i
JEEADIRE 2 W05 1) B A St P LRI 200 B B e s
S MR ARG 7 AR A BAE L 2 B D) g Y
ARAS M= AT Tz A RON; PRI el s o ™
Az SR I VR0 R 240 B AN T R R IR o S A
A=Wy R HLEE

ABIFGE W5 A I 4 Gt X ECV o, 41 /DN BRLES I
ZL4H0 SOD \CAT K 4ifkiy SOD [ CAT {if PE YA [F] 5%
W, I % H H F B i€ 3L 38 (electron spin resonance,
ESR) £ AR, X 8 S A IS ECV 5, 41 357 5 7
HATLES | B 78 D\ A8 Ak I T A 200 it BEE 380 0z 1) Ff B B
P AR A S P R I A WO, DA 1 — 20 SR BUAH L
B )7 4 4 it

RS

— Bz

DMEM ZHHeR% 353 W B Invitrogen 23 A, & 10%
G-I o 2R bR e ) —— 5 SR E % ( 3-maleim-
ide proxyl) g i B A i ) ——5 - b bt /U480 H F
fifi J§ 12 ( 5-doxyl-stearic acid) , ¥ B Sigma 2% .,
CAT, g Sigma 2\ H, SOD A A4 H, H ik
8 B = oA e,

= O R T

W ST it I TR R ) SO A RO | B A
HoM 2 856 MHz, “EY IR 7 10 mW/em? , B GR
5110 min, [A] % 10 min,

= A abE

R 3% ECV,, 200, K305 18 > 200 ml #3555 1% 55
I BEAL /R 3 4l (n=6) SR RER ST 4L (A 4H) (B
PEAR ST 1 RAL (B 4) S dm i 3 kA (C 4) o ol
AR SRS R, A 4 ml PBS, FH 4N AE &+
IR A0, B0 10 min, ZEUCIERIATIE A 1 ml 4
PO, TN, 26 A/ NSOV, B - 20°C VRAR IR
A7, 1 RN S8 A Tabn A 5 21 448 it iy il 5« SRS W)
Pk N R 3 L IZIRERIUF R HTEE L 2Y 3 ml, PBS
THUE2 IR, 534 T 27 A/NELE T R4 0.5 ml,
AYBCH] : CAT ¥ 0.5 mg/ml, SOD ¥ JE N 1 mg/ml,

FH PBS 2 BIECHI 15 ml B, /03 T 27 D/NE L
A 0.5 ml, BEURHE K LT A A4 L BEHLAT A 3 4
(n=9) , 415 [F#,

ECV.,, 41 355 48 4~ 200 ml 55 3= AT, BAIL 43
3 (P M BRE bR IC A AN 2 AR iC 4, n =8) ,
AL FERT, MAL-1 ARie FE IR T 4 h ,5-Doxyl Fric
AL % B 30 min, ARiC5EJE 4090 PBS Yk £ i
WA ESR AL R % A {55 M 1k (1 500 v, 10 min/
W), BJE B D AR S 25 B ANAT, ESR AU,
ESR 2544 X P B, S D% 5 mW, 1 0. 15 mT, =
T, A h S L A ST B AR 2 20 i
RS

DU FE AR E

SR FABZE = [ AR 2 SOD i1 AR R e
He il 5 CAT 3% - , Fi Beutler 2 B 20 %2 i4 J5
YA I H K (y-glutamyleysteinylglycine , GSH ) & )
% Th I W D S A0 P O AN O s M
WEAS 28 B ST Al e 7

Gt Ea T

FH SAS 6. 12 RRUERPFSEA TR 2R 07 25 504, IR
SNK ST PR 3K

# R

— W% AR X ECV,, 40 il SOD | CAT i 1 &
GSH &5 5 [ 52
AR SERG ,C 45 A 4 HE ECV,, A1EHY
CAT W B F#(E(F =4.33,P <0.05) ,GSH 7 ft 2 %
S, 40 SOD F & AR (AN ., L3R 1,
1 RSN ECV,, 411 SOD  CAT 7t &

GSH &M (x +5)

g3 . SO CAT GSH
(U/mg HH) (KU/mgHH) (pg/mg3EH)
A4l 6 11.20 £1.77  36.28 £9.86 131.55 +13.39
B4l 6 10.52+1.39  32.85+7.38 136.54 +22.13
c4 6 10.33 £2.00  24.35+8.53" 112.33 £11.52

W5 A4HE,*P<0.05

T A B Rk N BUAT 4 D SOD | CAT i 175 1 K
4fifb i) SOD (CAT i 1 1 B 5% Wi

2 PR RS 1 RS, B S A LR 4
Hf SOD  CAT B B 6 54 Ji1 ( F 843 1k 5. 04,
6.02,P<0.01),1M GSH &= AHE, BAHY A
UL, B0k CAT M 3% #E B 5 B 1 (F = 4.06, P <
0.01) , 17 SOD & Pt A Bk (52 514 1%

= RO AT ECV 0, 40 S O B0

129 MAL-1 RICHEZR (149 ESR 0%, 535155



- 102 - rh AR B 2 5 60 2 2007 4F 2 J1 4529 #5452 ] Chin J Phys Med Rehabil, February 2007, Vol 29, No.2

PTG A HERE AR DG [ (7, ) RS8R 55 B 2 b Z L (S/W)
o (B BARIC ) 53— R G IR 3 o) — P i 4
JIra I IE] o 55 5 Al 3 (W) SBT3 BT SR T bR
ICYIRIE G O, 9 1 A 5 (S) R il T 8 1 T IR
AL EAMCYI s s G . bRic g G R LR
H BT R G 0728 Ak 5 | S 5 55 1 7 A0 S 0 U2 J s/
W 7R, S/W AR 36 W B8 A A A 1, 2 1 -SH iz
AH,S/W THEBEA-SH 232K, &2 Hs5-
Doxyl ARiCIEAS BT 5 A9 ESR B3, AT 43 53158 % 2 8
(S) Ml 7., SIHIME 5-Doxyl il FE RS A FiE, S {8
I, Az, maht e,

2 RUER XL X 4L SOD CAT

BTG PERE I (% £5)
SOD(U/mg ) CAT(KU/mg F 1)

4
4 o ST 20 Sl
AZH 4.18+0.70 1488.97 +107.11 102.62 +16.42 1 076.60 +126.09

B4  6.06+1.47* 1484.56+93.59 147.99 +37.03*1 218.45 +128. 80"
CZl 5.18+1.44 1506.62+73.03 144.98 £34.08 1 208.73 +91.80

T 5 A4, P<0.01

&H(I

s _h,
-

W
7, =2.756 107" x AH, x | JI_ [ho )
h(*l) h(l)
1

MAL-1 bRic B2 ) ESR ik

| Amax 1

‘ F Amin 4

hwm

I
I L h
I

106G
—

i1=— AHo

_1.952 x (Amax — Amin -3.416)
" Amax +2.353 Amin +8.038

7, =2.756 107" x AH, x | JI_ hy )
h(-') h’(')

2 5-Doxyl #Ric AR Y ESR &%

TR ST 3 UG, C 415 A L ELE, ECV,,, 40 i fis
WG ERbRICY S (A B3 (P <0.01,F =6.63),
Uk PR R 00 8 s kAR 18 i 2R 1 Y S sh 2 400 B 1B
fk, W3

S

F3 MERETXE ECV,, AU S 4
(x107" x +s)
5 e
ZH HI
ALl S T S/'W T
A4l 0.572+0.015 14.955+2.771 0.063 =0.008 0.978 +0.087
Bl 0.584+0.011 15.819£5.491 0.058 £0.009 0.886 +0.086

CHH 0.595+0.014*16.503 £4.135 0.059 +0.006 0.919 +0.067
.5 A4, P <0.01

i

Moustafa %518 % BH | 7 5l o 375 491 5 K5 3 ) ik
1 ~4 b5, nT LU BGEIE A MR it S ALK P
SN, £T 4 0 SOD |, GSH-px T 7 A% . X1 35 41
TR R, SR TR N 10,20,30 mW/em® )
2 450 MHz S 5aas 1 h, nl AR Sh5E 37 i AR R i 2,
% | 20 il 2——hTERT-RPE1L 4 jitg P4 $t 48 4k 4 it
SOD ,GSH-Px {4 I 2 B AIK, i 54k 7= MDA & &= 7+
1, SRR AR AR R B S R R A oG . i — 2 Y
KIN, GSH 1] i 5 A% hTERT-RPEL 40 o 2 P 35 F2 1o
B G S A AR 1 T i B A A A R 3 5 5
F R SE TR IR s 0 R 9 (5 5 A W A
JERYA DG L G S TR g A R E]
PIDPRE R 10 mW/em® (122K %R 53 0] 5| R
1ML SOD \NOS {4 T i, {H R 3 A% i 248 i 174 BH o 35
MRS SR SEH IR EE N 5 mW/ em® Al
10 mW/ em® PRI 5 S 25 mT 5 3506 bR 4 1 2 40 it
H L T 0 K 24k O P TR BE 40 it ) e A S
ot AR5 58 A B 5 S mT S BB R AR L Bz i &
AT R

AAHIT A B, S TR A 10 mW/em® B0
RS RIE ECV.,, A A CAT 35k I St B ARG, 40 9
GSH &t i PG 34, GSH J& 40 g ;N T B /N3
FHUEAR, GSH i U & S 8O Z A A=
YIS RS GSH & i AR & CAT 1%
PR BT ULER T 40 P9 AR R AR S 2 AR T ek
A AP A T AR N, AR A S PR
TR, B T4 N B = 15 i A AR SRR R 7
NRE LT A M BTG 1 A RT AAS 25 Sl 5 A A s B 1) 5%
Wi, ASHIE 5T 00 4R O I B AR 4 4 b CAT  SOD
S PEREEARAY CAT IS MEEN B 3G I, AT 68 AT 4R 5
B DA S A R ORI, BA S S5IEY
ghb MR O, A IRIE T ik 4% S nT LA
1 S MBS A G P — 2B S AR P R AR
A, TR 7= A E A B ARG, BEAR , ECV 4, AT AR Y
it 5 P 5 2T 0 R i e T P A S R S E S e AR T
HORRTRI R | nl BB 2 A AR X R 1) e I 0%
ANFA 5%, ] BE SR A9 A WA ] i ok o8 e P |




R B R 2 S AT 2R 2007 4E 2 H4529 #5452 ] Chin J Phys Med Rehabil, February 2007, Vol 29, No.2 - 103 -
A ML EAL /N T BB AR AR E N A FLER B Y 0 B (4] PERRE, B WREE, £45. B HZEESR % et ART
W R BRI, AR DB R R i#g%;&gﬁﬁ; e s BB L L
— = SCRR, i}, N, 5¥. Beutler BURTATNE /N 5 BTN
LR gf £ T #{“ ‘ . N BB AKEIPITE. ARk 1996, 16.:83-85.
BT A MR L S A I A R A HRTE B (6 aema dbneme, e, . AW LR SRR, A5
W ARSHE RS A P e n , Hoaz 2hsile . BRAs i 3 1t LK TR, 1994 :174-176.
RIERZAR | — 7 SRS T e AR, 5 — 5 T s K (7] ERGR, gk, Sek %, mBAkmiol K BURF ORI B st
SOROMNE b HER A 2R T, DA ) A M 2 132 SRR, RS RIS, 2002, 20
=Y hyI A AR =R &= AN f o s 14] ere.
Zj‘]kétll/pc P B ﬂrﬂj VEHH@E?H%?J Reo ﬁ%:\‘é];# " :@' [8] Moustafa YM, Moustafa RM, Belacy A, et al. Effects of acute expo-
ki}rﬂ‘ 2 450 MHz ‘Elzi@]j]ﬁeﬁ}_ﬁj\j 10 mW/cm E‘JTJ’[YE{ sure to the radiofrequency fields of cellular phones on plasma lipid
iﬁﬁﬂ‘ﬂ%l@ﬂﬂﬂﬂ@ﬂﬁ EI/:J %‘@i j]l] , ?}ﬁiﬁj‘ﬁ—FB&O ﬁ‘ﬁzl_( peroxide and antioxidase activities in human erythrocytes. J Pharm
SERTHIBTICR TN | b kT Bk SRR A Biomed Anal, 2001, 26 : 605-605.
[9] XUFFLL, Wik, 2Py, 45, BRI X 15 3% 19 hTERT-RPEL 40

FahtE R Faa s A28, IEARZ Sl itk . Bordiushkoy
A LRI RN 4 7 % 40 min, A AR Ak 12
A SR N, X U R A B AR 2 7
A AN A= 05000

ARWFTEEEARFRINA ARTIR AR S nl A Je
H T2 R A AR 6 1R, 05 136 T 4 i ) g
AR o X i R i S A AR R AR R R A T —
SE RS IR , o RO B it fe T 2% R
DI R ) A W) AR RN AR A — 2P AT

Z % x #t

(1] EEM. NIRRT A A e i B Aoy df e, o = R
W EE2#,2001,28 ; 49-50.

[2] SKIER, %R0l HREERSHAE S I E Y EALRR. At KBS
BE2f T/ ,2004,17 :152-156.

[3] Marklund S, Marklund G. Invovement of the superoxide anion radi-
cal in the autooxidation of pyrogallol and a convenient assay for su-
peroxide dismutase. Eur J Biochem, 1974 /47 . 469-474.

[10]

[11]

Rk iR . DAL EIBS P22k, 2003 ,24 :4-6.
XFFLL, wrk, shokss, A A D H ARTE UM 4R 5T 2 hTERT-
RPE1 2B A e 53 v g £ 1. 565 0 42 I8 DR 2441, 2003 , 24
1345-1348.
XU, F/NE, BRomie, 5. 22RO K UL TS T i P4 —
AACE AR IC RIS . AR S 27 5 R A 20K 2000,
22. 215-216.
MR, WEoE, B R AF. R SE R GO R B IR T
MR E RTTY. hARIRERRE 200339 361-364.
SRR, SR, NN A R R LA 7= 4 o 20 M £ 5 e 5
BRI [ AR B o A I AR 5 e PR 23 WF, 2004 .24+ 14-17.
AL, Z34822 M3 IR % (2 450 Hz) SRR/ A BRET A0
FR B0 R e 2B 4. A AR A R 2 4k AR BRI
1995. 108-112.
Bordiushkov TuN, Goroshinskaia TA , Frantsiiants EM, et al. Structur-
al-functional in lymphocyteans erythrocyte membranes after exposure
to alternating magnetic field. Vopr Med Khim,2000,46:72-80.
(&1 H 19:2006-08-29 )
(ARSCHAE R W)

R (EPSSE

I EET IR AR 53T ESEREM K

fraiR & F YR EE A

J TR IRY T R Rl PR R , HE— 2L R I TR, B 24 V)T R R W B 25 H 28 I 24 T B 1) S BRI
RG22 I BFBLIE A, 1 2E PR IGIE 45 A I RSE R A0 5 =X, BB T BIBRAE , R iR, W b 2% B3 4 ) SEB ( Bk
RVHFEE HAT R0 UM R ) . BRI A . O ARG 4 8 8 SR JOERn e O, — ok MEET L0 25 (W 24048 )
AR R FE , AR B R 1A ; QIR s I8 28 L R GEAEER 1297 P AN FH 3 B 24 JTHE [l S B P e AR B A AR ; D24 ) 8 1)
PR ) 2 ) B8 TR A ; OETT 2 ELARTRIANE J7 ik B ) b s @ Ul FF R4 ] RS RETT 29 A =R SR T Btk —
AAEEITRL, WP A D136 JE BN G5 PR AR SR R & OF )] ESHAYT T R IXEIT,

A2 ) BT T U ST B (R 45 28 HEE B R AT R R A AR BN O E SR IRAE BT R M KRR S
IE R BV AR A MRS | WRREOR S5 2 Mo R YT . S B0l 5 ) Ja vl AR A ) T BT 2GR A =P A I YR
57, RIRYT BEMEIE IS AN IE YT F B

A P IRA K2 ] JJ A KA 1 4531 680 7T, FRIE 40 A IRAWFEISH 2007 463 H24 HE4 H2 H5 H12 21 H,
0, i E o E R G R R P RO A S SR PO A AT, bR SE A N sk, &b E R 2
B AT I RGP E 25015y B MU AT, BEARTT 4 22 76, IR 4 28 J6, 2 BE R 43156 R 5 0. 100029 Jb 3T A 5 25 K 2
224 05% 425 rIA] B0 I R LR 010 — 84064077 84064076 ,64202604 . 24 T 97 v & B N HL 1% . 13892316858, 1 2 1) a] B T4 K
15:00 Z 22:00 5, {XFR S8 ME I REARES , 5 1 20 1 124 70 ) (I ; www. zgyaodao. com)



	100.pdf
	101.pdf
	102.pdf
	103.pdf

