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Abstract

Heat stress is the most significant abiotic stress factor in high yielding dairy cows. Most of
the decline in milk production is attributed to changes in energy metabolism due to heat
stress, such as decreased lipid breakdown and increased carbohydrate metabolism. The
protein sirtuin-1 (SIRT-1) is an NAD + dependent protein deacetylase, which is a major
metabolic sensor in cells. In response to environmental stimulation, SIRT-1 mediates directly
between the cell's metabolic state and the chromatin structure and controls gene
expression, thus affecting energy metabolism and stress response. Activation of SIRT-1
promotes lipolysis in the adipose tissue and controls the metabolism of carbohydrates and
lipids in the liver. Resveratrol (RSV) is a polyphenol found in various plants and grape shells,
and activates SIRT-1. The literature has no information on its activity in adipose tissue in
cattle. The working assumption is that if RSV increases SIRT-1 activity in adipose tissue in
cattle, food can be supplied in the future as a means of increasing lipolysis and improving
the metabolic status and milk production of cows under stress conditions. Objectives and
stages of the study: In the first year of research we recruited a graduate student to carry out
this project. We have invested great efforts in developing methods for producing cells from
adipose tissue from the slaughterhouse, and setting up an array to work in vitro with
adipocytes in cattle. We then performed a series of experiments to calibrate RSV
concentrations and duration of cell exposure, and also examined the effect of RSV on cell
vitality. The study further examined whether RSV increases the expression of SIRT-1 gene in
the adipocytes of cattle in vitro conditions, and the effect of RSV on adipocytes under
isothermic conditions and heat stress on different gene expression as well as on markers of
oxidative stress and protein expression. Results: In this work, we developed a system for the
cultivation of the Holstein Israeli dairy cattle adipocytes under primary culture conditions.
We calibrated the system and tested the effect of RSV at doses of OuM and 100uM in
isothermic temperature (37C) and under heat stress (41.2 C) short (hour) and long (16
hours). In examining the effect of RSV on genes associated with lipid metabolism, it was
found to increase the mRNA expression of hormone sensitive lipase (HSL) gene and reduce
the expression of the lipogenic gene FASN (fatty acid synthase). There was also an increase
in the expression of PLIN (perilipin) under the influence of RSV. In addition, the effect of RSV
on promoting apoptosis in adipocytes was observed by increasing the expression of the
apoptotic gene BAX and lowering the expression of the PCNA gene. Adding RSV did not
increase the expression of the Sirtl gene, but the protein level showed an increase in
expression (without statistical analysis). In addition, RSV was found to reduce oxidative
stress by lowering the levels of free radicals in the medium and to help combat stress by
increasing the expression of STIP1 (stress induced phosphoprotein 1) gene. This study also
found direct effects of heat treatments on gene expression in adipocytes. In the study of
genes associated with fat metabolism, there was a decrease in the expression of genes HSL
and monoglyceride lipase in long-term heat treatment compared with isothermic control.
The effect of heat treatments on the expression of the apoptotic gene (BAD) and decreased
PCNA gene expression in the long-term heat treatments compared to the isothermic control
was also found. In addition, the short heat treatment had an increase in HSP70 compared
with the isothermic group and the long heat group, and the expression of STIP1 was high in
the long heat treatment only compared to the isothermic control. Most interactions
between RSV and heat treatments were not significant, i.e heat stress did not impair RSV's
effect on adipocytes relative to isothermic conditions. Discussion and Conclusions: In this
work, we developed for the first time a system for the cultivation of adipocytes of Israeli
Holstein cattle in primary culture. The main findings of this work are that the addition of RSV
to the adipocytes of cattle resulted in an increase in the expression of the HSL lipolytic gene
and a decrease in the expression of the lipogenic gene FASN. In addition, there was an
increase in markers of apoptosis (increase in BAX expression and decrease in PCNA



expression), so that according to the hypothesis RSV promoted lipolysis and suppressed
lipogenesis with adipocytes, induced apoptosis, and delayed proliferation. Consistent with
the role of RSV as an antioxidant, we found a decrease in MDA concentrations as well as
increased ORAC levels in the medium of the RSV-treated adipocytes compared to the
control. Although no RSV effect was found on Sirtl gene expression, we have preliminary
findings showing that Sirt1l expression may have increased at the protein level. Because RSV
works in several routes, and not only through Sirtl, its effect on adipocytes may have been
altered not by altering Sirtl. Another finding was that heat stress caused a decrease in the
expression of lipolytic genes (HSL and MGLL) in adipocytes, in line with the fact that cows
under heat stress are not known to lipolyze adipose tissue. The interactions between RSV
and heat treatments showed that most interactions between RSV and heat treatments were
not significant, i.e heat stress did not impair RSV's ability to influence gene expression
relative to its effect in isothermic conditions.
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112500 NNAa Sirtl YW NYAN NINT DR AN TYVRI 0NN XY IR PIR DIN NPY IRINA IR
nnIa Sirtl 5w MY IR MOYNY NV RSV-1 5190 3 (VDVVD MIN2 RYY) PYa IR

6 TYR) XD DIN NPY 'RIN NNN 11 DPRIMDOR DRIN INN §0 SN0
21902 IR DYNIMPR DIRINA DVITRI FOXO1 H® 1022 HY RSV Hw nyawn nr¥NI RY
A¥pPN DINN N¥Apa RSV -2 9190 mapya FOXO3 »vraa A7 nnvl Mw? R I8P DN
DINA NP2 D) MIRIY 0 IMT Aman (C-SH) o0 nMpran n¥Iapy onda (RSV-SH)
NP NYAVN NNAX) RY (5 NYav) (C-LH) nyn2an npran nxiap nmyy (RSV-LH) Parn

(5 NY2v) DINVN NIVINVN RINA RSV-N 1919°0 INRY PPARy 11022 HY onnin IR

Sirtl v Y390 N9a¥n MYoNI BYIVWPH B HY (RQ) *oNN MVaa MY - 5 hbav

PPARY FOXO03 FOXO01 Sirtl 1950 -
RQ SEM RQ SEM RQ SEM RQ SEM*
nNPa
18.33 | 5.14 | 10.34 | 1.75 16.18 | 3.08 | 8.41 1.58 C-1SO
MIMIN
19.2 1 1 5 157 pARbaRES)
9.28 | 4.93 7.44 77 5.95 .95 | 7.46 .5 RSV-ISO
nNPa
16.12 | 5.38 9.81 1.82 1254 | 3.20 | 7.72 1.65 C-SH
~857 O
11.95 5.08 | #5.40 | 1.74 12.56 3.03 6.01 1.56 1e7an
. . . . . . ) . RSV-SH
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nMpa

1291 | 485 | 11.05 | 1.67 | 1268 | 293 | 6.72 | 151 C-LH

799N 0N
pARbARES

1140 | 532 | #6.98 | 1.84 | 13.45 | 3.22 | 6.77 1.66 RSV-LH

ona (P < 0.13) MpN1ny 110V D1 (# MNP DIMDNN 019on .standard error mean = SEM?
.DNYY TPHNAN NNPYAN NNIAPY

Sirt-1

B-actin
45KD

Sirtl a%nan 1o Sirtl 127N "0
Control Short heat Long heat 06 - @m0 uM
37°for  41.2°for1h 41.2°for 16h " 05 | @100uM
,_A_\ £ 04
OpM  100uM OpM 100 uM OuM  100uM - 0.3
02
120KD Y c 01
‘a 0.0 = N
- e =D = e - Control Short heat Long Heat
resveratrol

NVOIN : 2 (NPPLODVOVL NNYYI XY) PNAONN NN Sirtl HY V2 Sy RSV-1 519°01 NYaVn : X —6 9N
.imageJ MmN MYNNNI NNWYI NPOIND .Sirtl adSnn MNI> n>mMNd

PV HY DHDAVNA BINYPN D) HVA JY DIND I9N9’VI RSV Nyavn

-1 91900 MNIap Y3 YW 2WMa RSVA 901 pnamn 19182 1YY HSL H» yxinnn »mvian

IR MIRNIND P79 NYNN2 72%1 RSV nyawn 7oy MRXIND M2 IRINY 293 ,Tn? RSV
NVI22 HTAN RXNI RY .PVDVVD NPRIN NPR 1PVIN (6 NHAV) TIND AR HI HV MNNa

NR NPNM NN 2apY 19182 AYYN RSV-n 2 MRIY M .mnwn m¥apa MGLL Yo
NYMNAN NP2 MNIAPY IRNVN MNVN DINA M990 M¥IAP 932 PLIN Hw 1022 mny

{6 nYav) (P =0.04 — RSV-LH -1 P =0.02 — RSV-SH ,P = 0.02 — RSV-ISO) 10w

P = — RSV-ISO) nmv19n00 'RIN 932 FASN »19°%0 1 1022 Npnam NmY IRXN)
125NN N2 FASN »nva (6 7Yav) (P = 0.02 — RSV-LH -y P = 0.0001 — RSV-SH ,0.0004
93 May »vaa NP HYW ,MRNA-N NNI2 MVAY IMT IR ,IPVDVVD NPRY 1NN PN

7 9PR) NMP22% orra oINN YRIN Y32 RSV-N Mxap

12




PIVH BDIAVNA DINVYPH B VA HY BIND INDYVI RSV Nyawn - 6 hbav

FASN PLIN MGLL HSL
90 AP
RQ [SEM| RQ |SEM| RQ |SEM| RQ | SEM
19.96 |1.93| 199 (079 | 547 |116| 1.79 |0.51| 130
MIMIN
*9004 | 1.83| *4.9 | 0.76 | 7.34 |1.11|#3.19|0.48 710730
. . . . . . . . RSV-ISO
2057 | 1.94 | 144 |0.82| 439 |121| 121 |053| L&t
48P 1N
*8.04 | 190 | *459 | 0.78| 4.41 |1.15|#2.71|0.50 71707IN
. . . . . . . . RSV-SH
NP
15.68 |1.88 | 176 |075| 3.27 |1.10| 052 | 048 | " |,
7998 OIN
*8.56 |2.03|*4.39|0.83| 341 |1.20| 1.55 | 0.53 717070
. . . . . . . . RSV-LH
FASN ||1'7nn o' FASN ||3.I7nn 1Mo
06
Control  Short heat Long heat 05 ] @0 uM
37° for 41.2° for 1h  41.2°for 16h E 04 2100uM
— £ 03
OpM  100uM OpM 100 uM OpM  100uM S 0.2
FASN &
273KD 4 - 0.1
. 0.0
B-actin Control short heatLong Heat

resveratrol

;2 (NPPLOLLVLL NNYY XJ) NAYNN NP2 FASN Hw v by RSV-1 )190n nysvin : X — 7 99N
.imageJ MmN MysnNa WYY .FASN Nasnn mM1nao mmnd NHDIN

NI99179Y DTIVAIORD DINWYPN D3 MV HY BINN NS RSV nyawn

nYYN RPNT RIN I 792,000 91902 BAD 1 "0 HY nyawn 0737 RY RSV-5w Tiva

DN NRT ,DNVN DIND RN NNN 91900 MXap 951 BAX P 02 nR pnam 19Ra

P= — RSV-LH -y P = 0.002 — RSV-SH ,P = 0.0004 — RSV-ISO) nnYw nMp an mxiaph
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IRNYNA DIND MXAP 952 PCNA HS» 1mva nrYyNa y»on RSV-n 137 (7 nHav) (0.01

P= — RSV-LH - P = 0.001 — RSV-SH ,P = 0.004 — RSV-ISO) RSV-1 19910 RHY® 1HRH

(7 nY2v) (0.008

Y¥1991991 DNIVMORD TMNIVPD D33 YV (RQ) Yonh NV NPY - 7 Hvav

PCNA BAX BAD
990 AP
RQ |[SEM| RQ |SEM| RQ | SEm
3533 | 4.27 | 3439 |6.52| 2518 |3.49 | 25
MIMTIN
*157 | 410 | *715 | 625 | 20.03 | 335 [ 270030
74 : : : 35 | Rsv-1s0
33.75 | 447 | 24.95 | 6.78 | 22.35 | 364 | Loirr
489 0N
+893 | 422 | *5931 | 6.43 | 26.35 | 3.45 | 203N
. . . . . . Sevooh
nMpn
2036 | 4.03 | 3846 |620| 1686 |332| .
TN O
227 | 442 | *e4.68 | 6.82 | #24.39 | 3.66 | 21203
. . . . . . iy

NPY I8N DYNIYPN DN MY HY DINN 19 RSV nyawn

1102 .STIP1 10 R0 RSV-1 09190 Miapya 19w 1023 pRam MY 9970 TN 10 1 oM

MV2 HT20 IRYNI RY (8 NYAV) PNAIN 19IRT MNWA DIND D190 MNP Y32 1YY T 1 HY

(8 NYav) MX1aPN NNN TNR Y52 HSP70 1R HSF1 Yw
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D9NIMPN DININ NNN YYD INNI DIWIND DIYPITIN N9 Y RSV nyawh nyvna

NYOWNY NN DPTHI DOWHINN DYP>TIN MNT YY RSV-1 SW pRvavn NN PNao nmn Sy

ROS-n mmny NN MmNa (TBARS) mIUNIN NDDIND .MVLIN >NV w¥ia RSV-a1 5)9on

DV MINTOPINIG TOHNN 1NN INVPN 2APY PO NN MDA .MDA 1> nPN2 MYNNNI

YOIDNY D NI T Y NYHRNN OTIN MY NN NPT ,0RAC NOOW .Jmwn MmN

INXNN 07 NINDNAY DY TN

RSV 100pM-21 nY9vw n¥apa MDA-N *115%7 NN PNAM J9INA T RSV » Xy

.RSV-2 nS59v xOw N¥1apy oma (p = 0.02) RSV 200uM-a noovow N¥apa (p = 0.01)

STIP1 SOD1 HSP70 HSF1
9920 AP
RQ SEM RQ SEM RQ SEM RQ SEM
nMPn
45.89 34.18 | 149.59 | 44.65 | 4355.58 | 3590.42 30.98 | 3.94 C-1SO
MIMIIN
919V9219
*180.41 | 30.45 73.68 42.42 | -2517.66 | 3192.86 31.79 | 3.51
RSV-ISO
nMPn
50.03 33.08 166.90 | 52.92 | 9248.11 | 3794.21 27.87 3.21 C-SH
857 O
pARIbARES
*182.87 | 31.44 | 129.96 | 43.76 | 6659.87 | 3301.85 25.15 3.61
RSV-SH
nNPa
191.55 32.20 | 170.33 | 42.26 | 4416.00 | 3142.58 33.78 | 3.47 C-LH
199N 0N
pARIbARES
*336.6 | 33.55 82.31 46.65 | -2337.87 | 3534.59 29.69 | 3.85 RSV-LH

0993 DIN NPYH K995 NPYY BINYPH B YV (RQ) YONN V3 MY - 8 9901 NYaL

p =) 100uM-n nmyo RSV 200pM-n 519202 9Ny 00110) N1nY V) MDA-N DM

NN MPYIN NX NNNMNHPN ORAC-N Mn NX Noyn RSV » Ry¥m)y 9001 (35 7N) (0.14

-2 VMLV NXIAPA 1 NNT MINID 1N .IDNN MYY 48 INNXD) DPTHN NOINR NYYWI )INNNN

p =-Yp =0.05) OuM-n NP ON*2 NN RSV 200uM-2 NSMVYW NP Y RSV 100uM

p =) P21 DTaN XN XY (200uM-5 100uUM 1 2) yasy 519700 MNP P12 .(Nnxnna,0.04

(36 7N) (0.5




nI'Tna MDA 'TID"
60 A
50 R B
= 40
i’ 30
g 20
10
0
0 100 200
Resveratrol (M)

MYV 48 INND DMNIMPN DININ NNN INYY DXOININTN DY D110 0P TH2 MDA 191 - 35 99N
.RSV Dy m'821p9N

oI'"Tna jIxXnn *T1an
158

156 R
154
A
152
148
0

100 200
Resveratrol (pM)

ORAC

DXNXIN NNNHNYY ,NPINIAND GONIY ,DIRNN DIT) DTN IPTIIV NYHNN PTNI MNI NV - 36 N
.ORAC N>y MysNN DIRVIAN )INNNN T NMINT 100N NPNP NY,0PNIMPN

mapom 17
129 Y¥ DPY9I2VNT DNIVPN DA NV SY DIND X190 RSV nyawn

D)) YY DMV NR 1YY’ RSV-1 wiwnw nn»n apnnn nmn iRy 1390 MGLL-Y HSL

nR TTYY mn Yy (Rayalam et al., 2008; Contreras et al., 2017) »0°%9'50 7502 D MMWVPN
NYAYN NR N IpNN2 1IN TR .0IN 'RINA ] DYRIMPR DIRIN 10 ,1NIVA DNPI P19
N7 1YN DINY 1NIVN RN NAWN DXYN P 2D IR LRSV-2 mdn RHYHY ;7253 DInn o0
NY19’0 DTN DIND NPY 'PTI NR NOXN TYR MIADY DRIN AT RXNDND .MIRPHN NY NVaa

.(Baumgard and Rhoads, 2012) 1mwn nnp prvoa
PRI 1MIRA DVIRITRA HSL "2 nR n%n RSV 5 nR7 ,RSV-N nyawn nynaa
-1 VINYYN Y 797 ,0INN Y10 NYawnd RSV-n nyawn 1’2 NYRPRIVIRA 5y mbanona
apnna .(Rayalam et al., 2008) n1aonn »Naxd HSL Yw "v>’an nrk MmYynY novn RSV

5w NYaWNN YY MDA NTY PR PR ,MGLL »v22 Yy RSV HYv nyawn 1R¥N RY NN
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n5Yn RSV 5 IRIN JWUR NNVWRIN NN T NTAY 0T 3PN NNINY DRNN2 AT TR SY RSV
IRIN NNN 1072 DR MYPAY AV GRY P2 DVIRIQTRI DVNAHN DN NV NR IMIVNI
0N NpYy

MDD NONDYN PHIN MR AN 1MVN NP HY PRY N PLIN padnn Tpan
YA NYYI) MV NPT PIVT TN NIVYI NYVAIN MIRDHY TWARNY 72T ,NIDIN
-1 9 IPIVNNN INY 19IRL IRIN (IR IPNNN MRXIN (Contreras et al., 2017) (HSL » Yy
XYY 0 MWD DIND MR H32 PLIN H» 17022 DR pRaIN 'Nnin 19181 nHyn RpnT RSV
MRXIN IRINLINMIVA DDNI2VN HY RSV-N nYawn NR jNav 0N Ipnn .0INn *919°0a1 MdHn
%Y RSV-n nyawn nNRIOY 7931 NRT 19°200 D700 :PLIN YW 1102 7112y mipnam joRY
MNIT NN NPWR MAPYA MY 1N ROR ,PLIN H® 1710222 11w 7717 1R 12w D920
PLIN Y9 1M1 mina NR P72 99K 9pnn NIt 7 Sy 25yn PLIN .(Alberdi et al., 2011)
20 IMYYL NTIM RSV-1 wviwn INRY PINra A%y IRIN IR RSV-a1 5)19°0Y nanna

.(Gheldof et al., 2017) PLIN

(Khan et nrana® 7189 1mwn Mxmn NR ANaw »ponw padn ,FASN pn v nprTaa
D) L, M0%22 NP NTY AYAIM Imynwn nrn RSV-n nyawn 3 997 ,al., 2014)
P2 DYRPRIVIRD DR 1INY ,TIHRMNVPY NPPTan D) .0MNWN DIND 'RINA MYN RYH
19982 797 FASN YW 1102 DAY DT DIRXNN 1797 ,0INN 9190 NYawnY RSV-N nyawn
YW MAYNN NVAN NR NPT TVRI LDNMWA DIND RIN NNN 21900 MNP Y1 phamn
MRNA- »v2 MRXINY 199N MRXIND IR ,APPODOVDY MITN *T PR RY DINR LFASN
PMIPAVIN NNRI MIADI NMITAY DWI NTINAYN 219V HY TYNY D137 N RXNN JMR PIm
RSV " nRINY 9pnnn NR DRIN N1 R¥NN 799 9ayn . (Gambini et al., 2015) RSV-n Hw
.(Khan et al., 2014) paSnn N2 98 FASN S® 17023 nR 770

DTIR NV222 DTN (HSL) Y0999 DR 10221 1”YYY DI RSV 1 mRIND YR DIRNNN
1MV NP 217192 YON RSV 20 mRIM DMIVTN DN P23 DVIRIS*TRA (FASN) a0
.DIN NPY RIN NNN D) 12V IRN2

Sirtl Yv %00 N7aynY DNMVPN 023 NV Yy RSV nyawn

-N YW NpnaIM NYawn 1197 RY LSirtl -5 pin vra Yy RSV-n nyawn Sy s mbYonona
DN DINR DIPNN DRIN PR AT RN DN NPY IRIN NNN IR DINIMDOR RIN2 RSV
(Surh et al., 1999; Bastin and Djouadi, 2016) RSV nyawna Sirtl 10 nv22a N”YY NRXNI
WRIAY DMPNNL LD D L(Bai et al., 2008) 3-10uM HW NV 21N DNPNI R

%W DN RSV-1 519°09 N21INa NP NINa 1YY Sirtl Y 1M1V IPa HY DIVININTRA
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RN P2 NVYIV Ipnna L(Li et al., 2015; Liu et al., 2017) mRNA-n nnv2 oy 100-400uM
AN AMAN 1IN RV DM 5 NMYY DRNY 2 RN ,(Picard et al., 2004) (3T3-L1) 1mw

199 DNIY 3 DNV PN IYRIO NYTI NIRY DIRNN .DPTNI PYIDIR NHOINI NRN Sirtl NX
-0 NYAWN 90N MOIN NNRY 1N POIDPR Y93 RY DRHY 2170 DY Tm 10770 N nn
IRY 1IN QDN .DVTNN 39T NITIN MY 19012 11NV MRNA-N nnia Sirtl Yy RSV

NIaYNY DMNMYPY D0 D DY Y A»an LSirtl Hw mMva Yy RSV-n Hv nyawnn
Y2 IR Padnn nnaa Sirtl NprTan dnIRY 193 \NRT MINY Janwn RY Sirtl Yv Hwoon
.(C-SH-5 on»a) RSV-SH nx1apay (C-1SO-Y onra) RSV-ISO mixiapa in»HyH Ran RSV 1
PYY RO (Picard et al.,, 2004) n11avY MoAon IR NAYNN NNI2 YR MIRNIN
Sirt1-a 1”5YY DI RSV-n ,NNT 70 1N 110221 MAINHY 725 107 NVIN INRY NYRPOTIM

N2 Sirtl »v2a Yy RSV H» nNyawnn NR MUVDVVD NN’ RY AT IPNNA .PadnNn nnia

NY3902 NPT ANPD RY TWUR NPANY DIRN KV AYITI MND NYWIT T NDNIRY P Padnn
DIRNAN OY YRV DMONIN

SR NNHMIVININ DY DN DHYYYWN (FOXO) Forkhead box O-n nnawnn o2an TwR)
12,0912 FOXO's -0 ) ,n7vinn Y1°0% DRNNA .0%) DX20YN IR DXAVPRN DN DY PYNN
10720 YAOWIN DMV TWR D) 01N FOXO03-1 FOXO01 .Dy0vmar 090N 1pad ,ann
IRIN 9P YV MY RN YY RSV YW inyawn NR naw Ipnn .(Motta et al., 2004) Sirtl S
apnn .(Chen et al., 2009) D VMAR TTIYM FOXO1 Padny R»ONR-NT nWIy Sirtl
(Costa et Sirtl Yvow mapya FOXO1 Y mRNA -0 minia N7 $21n RSV % RN qon
101 RSV 0 R¥N3 IR JFOXO01 »vra Yy RSV Hv nyawn nrenNI RY Mo apnna .al., 2011)
Sirt1 Y19 NPY RIN NNNY 799 NNRRNN2 DR ,DY0IXI9TRI FOXO03 HY» "van nR TNnY
TR ,FOX03 "»vaa n7m 1an» L(Lavu et al.,, 2008) FOX03-y FOXO1 212°vY ®an
BAX »010:1aR7 1an 110222 nrYyn Yr1apnay ,(Daitoku et al., 2011) ©MVMAR 9NN TTIYN
5® MIIYN PPRY DNVWP LRSV NYavwna IR¥NIW PCNA 12707991790 10 M102a APIm

.RSV-Y norwnin mapya orvaxIarTR DIWNINNI DNIVMNOR 129NN
NP1 Py Padn wn WK LPPARy P 1022 nTNa Y»on RSV-v IRIN D17 DMpnn
anTn Sirtl .(Baile et al., 2011; Costa et al., 2011) 1mw N72ax Y RINRY MWD NNPI
.(Picard et al., 2004) 1212°»% 92219 PPARyY Y® 1919012 D135 WP ,MYp 1Ya30 Hw axn
IRXNI RY D3 T NDONY PN, Sirtl M2 5y RSV HW nyawn nryn XY NN Ipnna
IR YAV TIT RPNT IRDY DDI1Y0ON 9010 71T T2y RSV .PPARyY YW nvran Yy nyawn

219 IR HIYAY NN IR PASNN NN v RSV YW myawnm 1an» Sirtl HYv 102 nrSYN
025NN MY
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NMYYIHINAM NPYVIVMIART PIIPAYI Y170731

791 .pNaIN 19N DVIXIATRI BAX YV 1MVYa nNR nYyn RSV D DIRIN IpNNN IRNNN
,JUNNIN 1OR 19YYN LBAX 10a nRYYNY Ran RN RSV-n D19%0 nR nHap wR NXiap
DMVMOR DITPA NP1 W RSV-H5W nRINW (Liu et al., 2017) pnnY nnrim npnam
ANRIN RY BAD pn nv2a nprTa BAX YW 102 NRHYN 1T NN 12 P2 DIVINIONTRA
YW axna .BAX nR 25Yn BCL-XL Dwa 1adn ,ppn 990102 R¥NI RNN JWRI .AMIT 10N
(Liu et al., ¥y MR 209NW 72 "7 HY BCL-XL Y» 219'yn NR 79°01n BAD DINIVMAR DITP
PN 1NV D 997 RY 1991 39w 77 ROR 1022 NRHYNS Rvan 1R RSV jan» 2017)
XYY DN NPY RIN2 D) NYNINN PCNA »v221 npnann 2770 .Npnam n7xa nby BAD
DNA »p1 11pon YY ORINR AT .00 O990Y wp RYY RSV nyawna oy RSV-Y wp
5v 11922 YA DIND NP 19N (Reagan-Shaw et al., 2004) nYRN 189791995 YO
19 D3 RSV-n 5190 J5R oRina PCNA v 10022 077 1YN NRT Mapyay phnnnd Rnn
(Liu et al., 2017) ©nVMAR DITPa NNV 2% NOM ON» .PCNA "va NTNNY RN

.(Jones et al., 2005) D0 19"TRI NTANDHN 212YH NNV PAOYINY IR RSV-n nyawna

nPYY DMNIWPN 023 MV2a HY 1IN 919" RSV nyawn

12302 MY913 TWR JRNN TIPANI MIIN 7901 NN NN NNVIANVY DIRN HY N9*YN
DNINN DYNN9MN DY, DTPON DMN2ONN 11N NYNa ,01a5%N NNra 119y

.(Collier et al., 2008) 71 *RN NN TOVA NIAN2 DMPY MAPY2
PPN XN T RN MTTINNN Y20 (N19W) 110 Nadn nind Xin HSP70 Yv 1y 1pan
) R¥MI T Aaya .(Dash et al., 2016) q'py 19IR2 1M W 19182 1A ,0IN NPY NN 1PN
SIRD DINA 919701 IPRIMPRA NNP2AN NMYY 18PN DINA NYawna Yy HSP70 Yv 1Mv2a
TYIN2 (AN Pa) HSP70-5 709 19 P1aw-1p Ann TwR LSTIPT Y 1mMva nRt nmyY

219 NYawna RpNT pnam 1982 7YY ,(Odunuga et al., 2004) wTNN DNIAYNN NP
TIRD DINM IXPN DIND NYAWD DR JNAY IpPNN .NINIMPRA NNP2IAN NMYY PIRA DINN

1SR 0223 YW MRNA-N V22 ) AIRIN HSP nnawnn o HSF nnawnn oo HYv omMva Yy
RN a0 .(Xie et al., 2014) DINA NPYY NOMWNN TYN NPTAN NRPIZ MONI NINVN
JPOVIPRA DINA NPY DY TTINNNY RN Y»0Y Man Sy nan TIRn HSP70-1 n»Yyn 1mwn
DIVDA NN PYPDY M YY TIRN DINA NP2 NP2 M A STIPT Sv Moy jpn»
N2170 DR IMYYAI 1OHYYW 72 0T Y HSFL H¥ 1710222 NPWA IR DR PADAY 1N L TOINAN

(HSE) heat shock elements RIp1w DNA-1 9RY 0 nY RN ITPPpon anviaa Hya
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RN HSP's Y® pMx»a HSF H» yyon anrY HSP 5w nuInd nHamn mxvpRY 010
P73 RY HSF1 nvaa n»wn 0N .(Xie et al., 2014) HSE-n YR 9w nY 1M 0N prinn

.RSV-119910 XYY nMpran mMxaph nmT 19181 ,HSP70 nR RYaY nHonn
(Sea et al., 2015) NN APYY qUNI RN N2 YW 8NN YY 1Y 10 SOD1 YW 11pan
a1 13°0 RSV-n anRm (Sahin et al., 2012) n'nxnnn Apya 1°9»Y NN DIND NPy INRN
P2 19982 NHY’ SOD1 HYv MYaw oraxn 1 (Nguyen and Stamper, 2017) pxnn

3 RN NIYWN .(Ma et al., 2014) SOD1 nR v’ 19181 HYawH 530N 9r RSV-n 799 7ayn
MavNN MPPT22 RXNI T2Y PN PN M0 1OY RPNT INIR IR LI AT NIpna o)

DVTHRI PXNANN TN NRYYNI DPVMNN DYPITIN M NTNNA PY»ON 9R RSV-NY IRINY
NpP*73) PRAIN JOINRA DYTNA PXNNN TN MNT DR nYYR RSV-1 winown 2 naxa ,aR
MAnn MDA 5® PMmnT NR PRam 19181 NTNN RSV-N mMNam 3 naxy 12 Y ann (ORAC
J¥NN TN RSV-N NR AR MMM YR Mpr1a .0vTna Drvamn ovp Tin mniY jno

ynwn RSV-1 %19°00 INRY 90Y MmN 110 DYTNA DYVAINN DHYPITIN MNIY 19 NNV
JUNXNND APYN DR 1YYN RY 1MW MXMIN NRNM IPDINY TTIPNI 12 VINVIY

nmipon

TR APNAYA YYYY NI Ipaa DWRSTRY RSV navin ,apnnn niywnb ornna
IR¥NI qONY ,FASN 201950 1N 11vaa N7 HSL 'vmaHn 1pn nv2aa nrHya nRvann
ITPANY NNPRNNA L1 199 (PCNA "v2aa N7 BAX 110221 17HY) D1I0919RY DINDa 19YY
5w DYTNa ORAC-N Mnia 779y 197 MDA-1 "13Ma 1T RN ,PXNN T RSV Hv
N7 DIND NPYY RIN DT IPNNRN 01 R¥NDN .NNPAN NMYY RSV-1 199100 D0IvIarIRg
D YITY 799 NNRRNNA NRD D098 MGLL-Y HSL 909990 ohaxn nviaa vy
-1 WINYWN D DIRIN IPIINN IRINN MY NNPI DR MPIan DPR DIN NPy YRINI MI9
,RSV-2 wINWNY RIN JINAN TN NN RIN M DPWAINN DHYPITIN MNT DR TN RSV
INNIN TND HY JMIVWN RN MNRNNN DIVVDN WA Y»D D) ,NTNAH2 A7”HYH Y1210 TR
9% 039 I RSV qOIN YW NYAWNN NINAY MTPN MDA M HY PYNIY 1NN AT Ipnn

DN NPY YRINA 29N

:NVVIXN M0 NPYYI
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