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Ultrastructural changes and HSP70 expression in mice liver after microwave irradiation with lethal dose
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Astract; Objective To investigate the ultrastructural changes and HSP70 expression in liver of mice after microwave irradiation with
lethal dose and to explore the application of these indexes as the basis of medical identification in microwave irradiation induced death.
Methods The mice were divided into the control group and the irradiation group. Mice of the irradiation group were induced death by whole
body exposure to 129 W/cm® microwave irradiation for 30 minutes. The ultrastructure of liver was observed by transmission electron micro-
scope ; changes of the HSP70 mRNA and protein expression in liver were detected by reverse transcription polymerase chain reaction ( RT-
PCR) and Western blotting respectively. Results Liver cytoplasm was observed dissolved with points and sheets and there were mitochondri-
al crest and membrane solution in the irradiation group. And the HSP70 mRNA and protein expression level increases significantly compared
with the control group with statistically significant difference (P <0.01). Conclusion Death induced by microwave irradiation could lead to
liver cytoplasm dissolution, mitochondria damage, mRNA and protein expression of HSP70 up-regulation, which may be used as important
diagnostic indicators of microwave irradiation induced death.

Keywords: microwave ;lethal dose;liver; HSP70

AR RO —FORT R M AR AR AT, O 4 MIRPURE NS RFEEA B TR X e

J TS E R WA A, G AR (R
AW EEA R . AR MEGETA] BTE
PR BN A R R, T AR TR AR R
WA Ut PR I i i HE SO0 Bk 1 5 2 M 1Y
N BESE . BT R E A A 0k
PEop PR TR ORI o o 3B U ke
PR 598 2 B A S5O0 P e e AR T B U8 s B AR
AR AR A o BEAEB ST W, T e R 7 A W I 1)
OGN, FHAFAEW] B AR i e 220 AL
R oRei 2 SKECEE N R A E &S Re R
AR B E RS T Z— . AR REOEE N
— PSRBT, T S A P 2 O R 1
Zeik, HSP70 (heat shock proteins 70, HSP70 ) J& HSP
KRN EZ L, )22 SIURMR P D68, XA

ANEEREEH A R AR, Y AR R i sy
BN A AT, T S R AR M 4R 1 RT i S HSPT0
KALA AL, HSPTO0 et 8 P S 16 1, AT R UE 248
TEVE L MR IR B IS AT HSPT0 [19263k K8 4k H i
F I SCHRARAE . A FE S SO0 R I i R S0 N R
FTAESAIAEAL, M mRNA FIEE (/KA HSP70 2%
TROUAR P el e BEEOBE Y /N BT AR AR AL R
S AT BRIk e 2 S e SRR A B 1B

1 #R5hH®

1.1 4

L1 R3] 508 H-7500 33 57 B 7 53 s
( HAS Hitachi 23 7]) | F 4 75 AR L e 8 00 AL (71 [
Heraeus /A w]) \PCR {¥ (38 MJ PTC-100) ,  Ff HL K



556 ARFRFRLE

J REG ANAT OPER SURG 2016,25(8)

http : //www. jjssxzz. cn

T R HL K AN L BB 1 B B N S AR AR R G Gel
2000 ( 35 [ Bio-Rad A H]) @R (s KIEFREL
7)), Taq DNA B4 Fl M-Mul.V 3% %% 3% B , Oligo d
(T)18 A1 DNA ladder( 3£ [E NSBC 2\ #] ) HSP70 2231 fill
Z s BEPUAR R b 1gG (3£ [H Santa Crus A F])

1.1.2 SEssh®y Kovdl 3 RS ier: A R o
/NERL 40 H R (15. 13 £0.28) g, Zh¥) G A& IS 5 h
SYXK({ir)2012-0002 , 1 55 = 75 o K24 5L 56 sl i) e 32
Bt BN EOF-E4 50 8 R RN IE 7 %t BB 2, B0 20 H

1.2 ik
12,1 GLdfm it s iorr  FRIRAL e IO s =

PIHZZIE(E )R 129 W/ em? fol 4> B A 30 min Ul
FRAET s X RE LA A 7 Al i R, M 1 92 A B8 /N ER
/NERBE T e B 20 B0 A, DTG/ (1 mme x 1 mm x
2 mm) A 4% [T W A T S L B
1.2.2  iEST g N IEZH 2L 22 4% 1%
TR, AL B S SO T R O g U R
£ H-7500 37 3 1 folee B LA

1.2.3 RT-PCR i S S R T B 3R BUEL RNA
JE HEAT W S U - UL RNA 0.5 g, 70 C7EMES min
JER AT, A M-MuLy 39 8% 5l , 76 SRR 20 pl 1Y
R Z 37 C KR 60 min, ffif5 70 °C A8 10 min, ¥
HZE 4 CHT PCR, HSP70 5[y primer 3 %1t
#5014 5° -CTCGTGCGTGGGCGTGTTCC-3" , M54
5 ’-TGGGCCTTGTAGTTCACCTG-3’, ¥ ¥ F B M
285 bp; % B-actin fHYE=#) 4 PCR N2 ], B-actin 5|
WF 5. L5 4 5 -CACCATCTTCCAGGAGCGAG-
3’ NIES| 4 5° -TCACGCCACAGTTTCCCGGA-3 |, ¥~
W B 372 bp, ROWAKFR 25 pl, SR A& 94 C
2 min,94 °C 30 5,58 € 30 5,72 C 1 min,35 cycles,
72 CHEA 10 min, LKA  TEEER RS AL T W%
FEAAIR . B HLIKEER & T Gel De 2000 #E i 514 3 #r
58, PCR Py LIROGEE (A) fH x TARE R

1.2.4 Western ¥ & 13k 100 mg JH-4141m
AN 2 100 wl, 213, UK S8EE 30 min, 4 C
13 000 rpmE5.0> 20 min K¢ FIEEE A — EP N, 5
SN T R A E R, - 70 CLRAFE . 60 pg
SEEHH 60 V 10% Tris-H 2 R+ e KL i R #h-
RIRBEIEER ALK 1.5 h J5  FE R R 80 V 44451 hik
FI¥2EN % PVDF &, B E[1J58s PVDF A0 RO Jm B T
LumiGLO b2 A G RO, i R 25 A e 5% , 1 1
EIFIT A PVDF & Gel De 2000 BEREME T RS
FHIEF 8 1 25315 Volume fE (A x mm®) , G5 5LDIFEAS
Volume {&/ %} H& Volume {HZE/R o

1.3 %itsam

RORLARIEL = bR (x 25) FoR, LA SPSS 10.0 Gt
AL AL TR B R Ty 254087, L P <0.05 225
Gurta P <0.01 =R AR i E g

2 HR

2.1 WAE T AL BT a0 e A A 25 A 4 5

TR AR M 5 &5 =5 o B N B Zoki A, BTS2 N
A ULZT AN, TS T JE 200 M 0t S v e LR 2 4
W BINEDIE AW, 1 ~2 A AT Al DL/
Yot i, 129 W/em® 45 RS A8 5 MO P HH B0 s Atk
W RIRAE, 23 YT AR, L v P Joi I Dk /b, e €8 Jo 1A A i
AL, LR RIS R AR % (1) .

= * ; T 3

\ ‘ Wih
A H RTE AR, SR bn 25 b KBS 72 36, 2R A R e B
E1 AFERNBMEHTL (x7000)
2.2 NEHFRE4L L HSPTOmRNA % ik 4 oL
SERANE 2 iR, 129 W/em® 30 min G HE IEAETS
Jei /NP4 21 HSP70 mRNA () 5% 4% {H 4y (0. 483 +
0.018) , X} HRZH B2 E(E (0. 134 £0.029) . 5 XFHEZH
FeAsE , SO A PR AL S /N BUIT 2 21 HSP70 By mRNA 235
W1 T, 225 BA IR g (P <0.01)

100 bp
HSP 70(183 bp) 200 bp
f-actin(288 bp) 300 bp
400 bp
500 bp

a b c

a: 5B T4 ;b FEF 340 ;c: DNA ladder
2 INRBFBEZEZR HSP70 mRNA HRIZE



BB F K% 24E ] REG ANAT OPER SURG 2016,25(8)

http ://www. jjssxzz. cn 557

2.3 RAFLALE HSPT0 & G kAR

W 3 fif7R,129 W/em®,30 min fk 4% B8 L IS T
221 HSPT0 # 1063 BN (0. 294 +0. 027 ) , X 1R
HARPEH BEE (0. 114 £0.031) o 5xf IALAHLL , i i
BET-2H/N U IEZH 2 HSP70 46 1 3238 0 B w22
S AN G E L (P <0.01)

HSP70 s S 70 kD2
P-actin - | 43 kDa
a b
a: B AR b 48 L 4L
B3 /NREFEL HSP70 EBRIE
3 itig

P AR S 45 475 3 B A A T RO M 4 5 45 9
o B S B I A 5 R H iR DL AE , 72
TEPRAE SRR T T RS Ak s e Ak i R i
$EEL i AR IR AN A2 5 BTN, B AE S BOE A A
(0 B S RO TR T RIS WHR PR . 28R Tk
P IR , B PRS0 T S2 A A Y D R ORI )
(EL R BILIAR A R A 2 BURPEAS [A] , W Wi f) E it AN 55
IR A T, S KR R A, o v AR
SRR e T KA A 22, PR T 32 4 A F 52 A
BR. MRANEERR IERZ IS, S 5KN
AL A HEHE 2t A RS 7, P UL AE
o T HGUE KR, I GBI 5
U5 BAT o BE R o ol i R AT T 8 AR, )
JFF 2 45 £ AL B S ke M R o SR A, i
TP R RS P AR W ) 3 O 240 P 4
BACR LRI I RE , b BRI AT e H IKAE 3 . SOD 3k F
8, 1 B DNA $5i455 57 5 P ISR SE SR T i T
ROAR A B2 240 45 BT TNF-a IL-1 116 25 354 41 g
P OS5 5 A0, 835 M G, i IR 1
TS AL I W B 5 LS B S O R — B A
FORFTNF N 129 W/ em® 14 f3l i 2 T i B0/ BRUE
e, AT I o Py i BEA s R IR R IR AL, 258
J, R P SR80, e 0 S S T B A AN R, 2
KLV MR TH 2%, 3% 5 BRTE BB S48 i i 51 i
B FIHA 5

HSP JE 20 sl AR Py AL LU, o il R A
PR, MR s — A m R EA
S T2 oA TR IR N A A TR R
/N KR AR L, IR SE B AT 0 D HSP70 (HSP9O /)y
I3 ¥ HSP Rz &% 4 DR W fe FiiE 9 HSP A1)
DIRESE SR HLIR B AR A 5%, 25 40 i 52 AR el LAt
IOL IS REPATHI P BT, LR 20 ) B e 52

Pl IEH AR BRI, 20 1 N BAT Zh A8 1t i 2

JELL—FPRAR Y & I8 M RAFAE, SR AE SR H R

BCHTIY , 22 IRHE B 20555 | 15 IR A da 2 1 2 T 2T A

A ER IR B s o 3 B A AP A, KRR R AT

B YIE A2l 8 1 20154 B B 8 0 P X gt 7K s ]

e TH, AT RES I A B sl A 2 IR B 45 1 A

TERSIREERFRE, T feis i, #ikm

HEHE T THHEE B G, R & E B E

Pr8 e T 4 R A Y i A b R A o R4

P INZERR 20 M 26 1 RS, 2 0 00 I 7 R D T 52

PR, (040 B A 45 15 0 A= BRI RE 4 . HSPT0 382 51F

Z MY IE A R, A0 SO AR BE S R £

WA ST B RIS AR G R, J ) P

W1 5 000, S e iy s 2 o ]t HSP70 A5 4t

ML TR DIRE . A LN POV AR S T

DI ie e e se T, BRUA T, BL0A S AY 40 i 04

T ST 20 PN 90 S (Jun N-terminal kinase,

INK) , HSP70 7KF- 1 v n] LA BEL U {5 538 i, 400 4l 107 38k

7 A INK 4008 , s an i g g v [ i

A WFFEF ] HSPT0 R] L5255 fid o 40 B s AU, 24 3000

P, HSP70 m] b AR BE s S, H 2 A7 AE T 4 i

HHRWON, SRAFIANIESS &, 2 m LA B it 2

3, HSPT0 385 571 s AN MK (Y B SR g, X ek

FABAITE F AT AR ML A A0 X I 3 B s i 32 7

AR SR A5 R W]/IN BRUTFRIEAE 52 31 SO0E 5] 2 AW s 1

JE G 1 HSPT0 (4 1 [ 2 A A B, 1A 1)

T B E R R UATEZ B I A BRI

ARSI T B AW i TR BT I T U At A Y 2

1, LR IE HSPT0 e R A1 HE 26 05 2 35 1 5, m] LA

AR IR BOE R 1 R 2 W R AR 1 S5 R T

[ &% 30k ]

[1] Hao YH,Zhao L, Peng RY. Effects of microwave radiation on brain ener-
gy metabolism and related mechanisms[ J]. Mil Med Res,2015,2:4.
doi;10. 1186/s40779 —015 - 0033 - 6.

(2] MBEIW, JEHTHE, R , 55, TG BR800 R S il DX BAPR s 2
70 FRIKHFEM L], A3 E) TLAE B 44,2009 ,27 (9) 553 -
556. doi;10.3760/cma. j. issn. 1001 —9391.2009. 09.010.

[3] Semenkov VF, Michalski Al, Sapozhnikov AM. Heating and ultraviolet
light activate anti-stress gene functions in humans [ J]. Front Genet,
2015,6:245. doi;10.3389/fgene. 2015. 00245.

[4] Misa-Agustifio MJ, Leiro-Vidal JM, Gomez-Amoza JL, et al. EMF radia-
tion at 2450 MHz triggers changes in the morphology and expression of
heat shock proteins and glucocorticoid receptors in rat thymus[ J]. Life
Sei,2015,127:1 - 11. doi;10. 1016/]. Ifs. 2015. 01. 027.

[5] Balakrishnan K, Murali V, Rathika C, et al. Hsp70 is an independent
stress marker among frequent users of mobile phones [ J]. J Environ
Pathol Toxicol Oncol,2014,33(4) :339 - 347. doi:10. 1615/]JEnviron-
PatholToxicolOncol. 2014011761



558 BEF K %2 E ] REG ANAT OPER SURG 2016,25(8)

http : //www. jjssxzz. cn

doi:10. 11659/jjssx. 11E015167

PR 2 B2 £ 3o K BR o0 AL R 10 - 8 i #5 4 B AR 3P

X RE BB, NFETE REERRERR S ER 2SR, LT K% 116023)

[ E] B EPIELERA R SO LB I BRI RE . FiE PEIR 60 H 7 ~8 JEIS[ SF1(7.26 £0.36)
JEISD KB, BEHLT- 2953 BT AR O WILFFHE 20 D K2 BT B RR A 2L, 32 20 15 ARl v I 4% 4L B JUL S RE S 4 19 28 AR5 1
HER GETRG R, AL BTBIRR AN 10 22 AT K AR (LVESP) R BULy 3 iR E ) ( + dp/dmax) 335 R, 2 53 AA S
T2 (P <0.05)  THHENE 2 h i LVESP | = dp/dmax 4T A 2 T3 V20 I 2 25 TR0 BURRAN AL , 22 5 B B2 8 L (P <0.05)
AR B LVEDP S8 AL Hofs, b #a s, TR TE 2 h 5, BTBRAR Sh A I AR TTRE 4L, 2 5 A it L (P <0.05) ;
TR P, TR 25 B AR S L 19 R B T 0 49 T, BRI L Fas BEPE 2 15 LU0 W) S T 00 20, 2 5 0
HA G247 L (P <0.05) ; KEUM B H LDH LI % CK-MB ) & 39 W 8 TH s, P v 410 B FRTBmReh 4L, 22 5 LA it 8
SL(P<0.05) ;58T AR LA, O JULFEE 1 41 A0 BT BLRR B ZE SOD 5 ek W S ARG , {FL Bl 001 490 4L 1y W ARG P 2 AU TP P V4, 22 e L
B Bet2 5 L (P <0.05) 5 T MDA {5 50 b T, {5 ) 0 R B4 26 10 T v P B2 AR TP ik 4, 25 5 B it 2% 25 L (P < 0.05) ,
GEVS BTBRERGNAE — i FRRE b AT UMK A o JL 3 A R R RO L EH RE R 1534 o

[SEim ] BB SH ; O LB I FEHE A 5 O ILENRE s 400075 5 (R4

[HES%ES] R96Y;R364 [ HkFRIRAG] A [WFEHE] 2015-11-25
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Abstract: Objective To explore the effect of sodium ferulate injection on myocardial function in rat model with myocardial ischemia
and reperfusion. Methods  Selected 60 rats aged 7 ~ 8 weeks (7.26 +0.36 weeks averagely) and randomly divided them into the sham
group, myocardial reperfusion group, and the sodium ferulate group, with 20 rats in each group. Observed the changes of the cardiac func-
tion indexes of the two groups after perfusion. Results Compared with the sham group,the degree of LVESP and + dp/dmax decreased sig-
nificantly (P <0.05) in the myocardial reperfusion group and the sodium ferulate group. The descending degree of LVESP and + dp/dmax

2 hours after reperfusion in the reperfusion group was significantly higher than that in the sodium ferulate group (P <0.05). Compared with
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