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(HWE] a & WE/NEA SEFERKE XS M2 K AN ASHEAT A K RTAT T f2 it (PFC) N- 5L -D- R
R34k 2B WAL (NR2B) (52, ek 22 HAUAFE R RN B IF AR (ShamZH, n=6) . {R A TER 240
it (SNI4H, n=6) . {fF ML+ ABERKA (SNIHNS 4, n=5) FIR L0+ Lk E A

(SNI+DEX 4, n=5) , SNI+NS 4|} SNI+DEX 41 7E @55 8~ 14 K I 49 S A AR A4z B R /K 5 /Nl i DEX
(20 pg/kg) o R von Frey S 4EPFAL K U4 £ IE (PWT) |, SRIAWFKILIE (FST) WAL K RINESEAT R, &
P53 BN AG T B PEC HY NR2B B [ 05515, 4 % 5 Sham ZUAHEL, SNIAIKRAREH 1. 3. 7. 14 KPWT &
iX, RIGES 15 K FST A BRI ZE K . PFC H NR2B & 335K, 22594 552405 3L (P<<0.01, P<0.01,
P<<0.05) . 5 SNI+NS#AHLt, SNI+DEXHKRAES 1~14 K PWT LW WAEF (P>0.05) , K55 15 KFST
A BRI B A] 445 . PEC HY NR2B & [ &A1 (P<<0.01. P<<0.05) . &4 JEENTS/N & DEX A 22k
BRAE PR AH DGR IR AR T Sy, LML AT B 5 PFC Hh NR2B 25 H 3 G .
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Effects of low-dose dexmedetomidine on chronic pain-related depression-like behavior and N-methyl-D-aspartate
receptor 2B subunit in the prefontal cortex in rats

LIU Guo, FEI Yan-xia, LUO Ke, YANG Jin-feng’, SU Chen"
Department of Anesthesiology, The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University, Changsha
410013, Hunan, China

[Abstract] Objective To observe the effects of low-dose dexmedetomidine (DEX) on chronic pain-related
depression-like behavior in rats and on the N-methyl-D-aspartate receptor 2B subunit (NR2B) in the prefontal cortex
(PFC). Methods Twenty-two adult rats were randomly divided into Sham group (n=6), spared nerve injury (SNI) group
(n=6), SNI+normal saline (NS) group (n=35) and SNI-+DEX group (n=5). All rats of SNI+NS group and SNI+
DEX group were intraperitoneally injected with an equal volume of NS or low-dose DEX (20 ng/kg) within 8-14 days
after modeling. The von Frey test was used to evaluate the pain withdrawal threshold (PWT), and force swim test (FST)
was used to evaluate rats’ depression-like behavior. The expression of NR2B in PFC of rats was detected by Western
blotting. Results Compared with the Sham group, the rats in SNI group had decreased PWT on day 1, 3, 7 and 14 after
surgery, increased right leg immobility time and decreased NR2B protein expression in PFC on day 15 after surgery, and
the differences were statistically significant (P<<0.01, P<<0.01, P<<0.05). Compared with the SNI+NS group, the PWT of
SNI+DEX group showed no significant changes (P>0.05) on day 1 to day 14 after surgery, the right leg immobility time
in FST on day 15 after surgery was significantly decreased (P<<0.01), and the expression of NR2B in PFC was significantly
increased (P<<0.05). Conclusion Intraperitoneal injection of a low-dose DEX may alleviate depression-like behavior
associated with chronic neuropathic pain in rats, and the mechanism may be related to the increase of NR2B protein in PFC.
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P 2295 BRLPE P I J2 48 R A MR 48 R G4 A B
IIRE ST IS R AR . SRR RIS R
B, 2 PR A PERE IR S AR AR AR
CEIRTR G R SR R Y B S
AR Z 8] (% 3 A AH BARRE G R4 7R 38 Z I8l AT BEFEAE
L[] 8 AL

N- H & -D- K& & iR ( N-methyl-D-aspartate,
NMDA ) SZ 2 —F e T AN &R 2K, 7l i
T LT Ca® IR AL S kAL L AT
PR e Ao 2 A A T 45 7 A A . NMDA Z 4K
2B W3 ( N-methyl-D-aspartate receptor 2B subunit,
NR2B) fERIIietE WAL, 25X 18 k2 sm sl AR
KRAFHLT TR 0 o B R B AR A 2 B
PSR /N BB AR i P Ao 23 R R - e
F1177 [ v NR2B AYRERR Th K7 DA 42/ BRI P2
BT A BT 2 /N B AR AR I O v NR2B
MIFRIBW TR, (HiE s iR EIARYT . TR A
BERER A MEIE NS SChikaE (5- AR
FIHIR ) SRS, 5 NR2B RYERIAH I, M
T 2 ik N RV AR 10

Hi & J2 5 ( prefrontal cortex, PFC) #{IA K
JEe 1 S 0 M R VR I SR X L A
PSR /N AR, PFC N ZE TR KB BRI,
It HL At FH A 208 A2 (AR 35 80 700 T 2/ DN BRI 5 e i
IR L B WEIL R, ALK £ 4% PFC 'h NR2B
23k LT IR L T 2 48% ) 5 AR A U2
PFC [ NR2B £ [ (0 F A W] AR, HIEA N
Zn® " R R B NR2B % 35 AE 72 A B BT AR
R

FiEFEKE ( dexmedetomidine, DEX ) 1E A5
TEREPER) o2 B ERRRBEZ RSN, BAPIsSE.
BER RBUR SRR . R i s e,
DEX A0l ¥ 1 NR2B 8RR 1k, 1475 8 H 0 C

( protein kinase C, PKC) 7K-F-7484k, MM & #4456
TVER T . A RTE W R I 5 i 5 22 & DEX [
BT S 2 (P AIARACR T Ay, HLAE A AR e
T IR YT IARAE B, 156 H DEX AJ 3 12 9]
97 o5 NR2B-ERK il J# 240 35 S8 7 1427 > AL A2 )
RENTS L RBFSE LA DEX [ T R AE IS, TT
AEIE BA — & BT ABYER], H AT AE S NR2B 2
HF IR ARG . AW FETE L Al bR /N R o
DEX 4k # i 88 P #h 22451 f5 (spared nerve injury,
SNI) KREUEAL, FRIF/INAIE DEX X fl 205 MK
S AHDCHIARFEA 7o A AL

1 ##FTE %

1.1 SE3shHBaXH SD KR T H & W3k e
SRS SR AR A BRI SC5 s A PV IR
51 SCXK (i) 2019-0004] . L& DEX K-£ il kel
TR R EE 254G FRA T, BCA B v B s 1 70 & M
SDS-PAGE & i il 5 12 71 & W T B hy e a2 A= )
HABLAF] NR2B Hyd BRI T 55 Abcam 2
), tubulin FygFEHUANG T 3 E Thermo /A F].

1.2 #H¥oa ¥ 22 1 SD KM N 4 4.
B F R4 (Sham4l, n=6) , SNI4 (n=6) ,
SNI-+ 4= B £k 7K ( normal saline, NS) #4H (n=5)
A SNI+DEX 4 (n=5) .

13 S ARt S SN E Ay
R 1.5%~2.0% £ BRI R, HI1E,
HEE, B BUHMIBE AR 1~2 em AR
SIS A Oy [ DD F R B Ik, eI — Sk L, Ui
BIHE R 2 S Rl R B AL 2R 2540, M KRG
A T R 42 2 I BsF B DR Ao 28, 7 g PO B 2%
Smm AL MGAHD, REHEAMZ, o1k,
BIEEES . EEBIIE S 8~14 X, SNI+DEX
20 45T HE S P ST/NRIE DEX (20 pg/kg, I BE
PESMSCHR[20] ), i SNIHNS 21 )25 T 2 FR
NS, HA 2 HAMAH A,

1.4 KR PJA % 2 44 ( pain withdrawal threshold,
PWT) & Ao sr L f5, >R F S [R]  von
Frey £F 4 ( 2€ [& North Coast Medical /A ] ) Wl &
KEPWT. B K BRI TS A DR 14 385 B AR 9
15~20 min, fFRREZHG, RHAAREIIME (0.6,
1.0, 2.0, 4.0, 6.0, 10.0, 15.0 g) §Y von Frey £F
S IOR SR A M JE BRER, i von Frey 21 4E W& i 2
M, 4edr4so MARRARAHRE . A2 2 n
SRR WA Ry BHPE SR, B =2 WA B S o B
2.0 g MR E Ul s Sy M, A R BRI 2 4 B B
PE, WECSRILKIM N “O0” , 75 Bk HE m—2m)
FEIESATR; AR, e “X7
o BRI — P I E A T R R KR
REMATIZ 6 I, PRI 2 [8] 22 /0[]
1 min, A4 Chaplan % " J7 A6 PWT, HUELR]
1d, FrAa KL PWT; Sham 20} SNI 41 7E
B 1. 3, 7. 14 Kl 5 PWT; SNI+NS 4]
S SNI+DEX HAE#BIF4 1. 3. 7. 14 Kl 7
PWT, JETE4 T NS 3 DEX ( 20 pg/kg ) 55K (4t
BG5S 8~14 K ) THAZy)5 2 h i PWT,
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[, 45 /NI S EIRAE SRR B MR AR DGR T SO AT B BT N- HIJE -D- KA RS2 K 2B WAL o 777 o

1.5 %18 %k 52 ¥ (force swim test, FST) T4
LR T I 55 14 RN R H K R E AT i Dk 55 5.
TEAL G B R PR, B R BB — 5 40 em,
HAE 25 em I 7895 15 25 em H R K [ K I 4E R AE
(25+1) C | nyBE I B fE v, A R BRIk
15 min, HIRIFEKASICSE, B R RRANEKZ 5
HB T Ve P B I R A I T oK . 24 hs, ZEAHIRIER
B E LI AT 5 200 HOR SR AEE UK 5 min,
SRR A BRI A (F/D A E>1s) .
1.6 EaRPESH ARJFH 15 RAJERK, W
HUFAH PRFC RAESTH o R DUEE, Jei A mm A S
AR . RS Bl BUEVE W, e s E
FER B R R AR R SRR, SRS AT FRDK B T
5 55 in A NR2B Al tubulin B 53 B B 458 TR % 75
20 h, FIIAZHUEE 1 h, b2z ek EoR H
H2&a, i Image] BAFUEA TAL BT 0HT o
1.7 %it# & K GraphPad Prism 7.0 {43t
T8t ot TR DL x s, 2w, (A
R\ T 2200 KT FEAS ¢ kB tiA 7507 o
KK e (o) 247 0.05,
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2.1 RRMEAP 22 R PR OME AR A A KR A R A AT AR
74 FEARESE 1. 3. 7. 14K, 5 Sham 41# 1L,
SNIZH AR PWT ¥IREL (F (|, 14y =417, P<0.01;
FEI1A ), Ud B M p 2 BRI TR Sy ) .
TEARJGH 15 K, 5 Sham 2H K FUM G, SNIZH KR
FST fy R LA SB[ i (1/=3.313, P<<0.01;
Bl 1B ) , FUE P25 B PR B AL K R R A
TEBFEA TR o

22 A DEX T 4 KRR M AY & R 2
F R AKX AR AR AT A 5 SNI+ NS4 A L,
SNI + DEX 41 K Fl 45 i) 8] & PWT JC B I8 4% 1k
(P>0.05, K 1C) , ULHIIE N T /N f e DEX
(20 pg/kg) I A M 78 SNI K B IR B, AR IS 46
15 K FST 25 5 i 7n, SNI + DEX 4H K Bl A7 BB A 3h
A [E] B SNI + NS 41 44 Ji (1=5.348, P<<0.01; [
1D) , TIN5/ DEX fig 9 2 K
FRUPE P b 2R B AR PR I IR T -

200
sk
150+ —|—
100 -
50 IS
0 B
Sham SNI
200
150+
—_1
100+
AN
50} —T—
0 D
SNI+NS  SNI+DEX (20 ug * kg™ ")

1 ZHEKXR PWT R FST 4R
Fig1 Measurement results of PWT and FST of rats in each group

A: Comparison of PWT results between Sham group and SNI group; B: Comparison of FST results between Sham group and SNI

group; C: Comparison of PWT results between SNI-+NS group and SNI+DEX (20 pg/kg) group; D: Comparison of FST results
between SNI+NS group and SNI+DEX (20 pg/kg) group. PWT: Pain withdrawal threshold; FST: Force swim test; SNI: Spared

nerve injury; NS: Normal saline; DEX: Dexmedetomidine. “P<<0.01 vs Sham group; ““P<C0.01 vs SNI+NS group. =6 in Sham
group and SNI group, #=35 in SNI+NS group and SNI+DEX (20 ng/kg) group; x & s;
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2.3 N7 & DEX T3 n 1% M Ab 2 % B I R K
R PFC ¥ NR2B & @ #9 &k ARJFH 15 RIS4l
K B PFC il X K6 ) NR2B 75 [ 9 3235, 4550 Bon
SNI 2H K fi{, PFC ' NR2B # [ /) # 34 [t Sham 2H [#
% (r=3.236, P<<0.05; [K] 2A), Jf H SNI+DEX 21

K B PFC H NR2B #5 4 i) % 3k Lt SNTHNS 41 7t 5
(t=3.627, P<<0.05; & 2B) . Fik&sHE ]
Ji 9T S5/ FHE DEX (20 pg/kg ) i fig B S 34
SNI K ff PEC H NR2B & AL,

SNI+
DEX (20pg = kg™ ) M. (X10%)

-y
Tubulin~|- g S GRS fsz

Sham SNI M.(X10%) SNI+NS
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Relative expression of NR2B
)
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B2 FHAKXR PFC H1 NR2B EBHIFRIAER
Fig2 The expression of NR2B protein in the PFC of rats in each group
A: Comparison of NR2B expression in the PFC between Sham group and SNI group; B: Comparison of NR2B expression in the PFC
between SNI-+NS group and SNI+DEX (20 pg/kg) group. PFC: Prefontal cortex; NR2B: N-methyl-D-aspartate receptor 2B subunit;
SNI: Spared nerve injury; NS: Normal saline; DEX: Dexmedetomidine. "P<<0.05 vs Sham group; “P<C0.05 vs SNI+NS group. n=6

in Sham group and SNI group, n=15 in SNI+NS group and SNI+DEX (20 pg/kg) group; x &5

3 it it

SNI KRR AY 2 9k 172 o7 FH T2 PR -5 AR
ISR AIHURIRF S . AT RN EE ST SNI A sl
J&, IR SNI 4K LAY PWT #¢ Sham ZH 5115, {H &
TERJGH 8~14 KE5T SNI K FUIFEIE 1 5/
#iE DEX (20 pgkg) , KE PWT JCH 2z, &
7~ I i DEX JC U i i R AR . 7E FST 1, &
17 B SN 2H K FUA iR & 11 S s ] ¢ Sham 2H K
FAER, R8P R K BB AR T .

FEFST 1, FATE & B 5 SNIHNS 4 K i
AH Lk, SNI+DEX 4 K B A7 & &t 1E A 3 B[] 45
J, 16 BRI N VR S /0 5] i DEX ] 28 i 12
28 B K A S 0 R AR 4T 8. DEX
i o2 B bR AR 2 K K4 L R AN R 9 AR B AL
Mo A SCHRHE R o2 B IR 2R BE 2 R 1Y 0 2 B
FE R i B AR 2 o A K BRI AR R B AR R RE AT R
B3, RHHAEGE R L EE S EZNE
FIP2 0 53 A /N BUMAR R Y vp B Dk T S
DEX J& /)N Fl ik BB 52 56 v A sh st (] B 2 4 0, F0AAS
FEIRAGE H R A ARA 1, (EBTIAERSON A K 4k
PV o 2R sh ), IF BLAE R o2 Z RS BRI S
] 5300 IR ROR 22 L a2 Z R ZAEE TR
i 45 Ak, S DEX A ) 32 B85, 78 AR I
HRs L SRR Z R A O &R

AR, ABFSE IR & B SNI 4 K L PFC ' NR2B
B Y AR %8 Sham 41 IF R, T8 9 1 /N7
H DEX J& SNI K fl PFC 1 NR2B (1315 571 41 NS
ZHAH EE B 3G 0 22 ah B R R I I DN T SN
DEX (20 pg/kg) Al gt i PFC 1 NR2B [ 4
TS T 2 i i P Ao 205 B 2 P B IR REA T
PEC 1 28 & K U NR2B, % 5 PFC YJ) RE it i
T, & FhE RS 3 PFC A NR2B I g 554 H 4%
P B R O, A TR B, 17T S R R R
TR A 25 . 27 ) R 25 oh ek > . e
AR IE B 7 ol R s 4 455 1 v, PRC ' NR2B 2 1
FEIRFRAC S INAIRE A PR IS 2 LR AE,  H AT 1 JE 2
W, BRIt — LB Z AR

DEX £ M ¥ FDA #t i H TR 254 2 —,
E M TIER, Liv %2 R WiELL: 7dal 14 d
JiE I N 5 DEX (20 pg/kg ) JCH S B4R ROR,
RS H %GR TAIGE . 20 pg/kg 77+ Al HE
KR DEX 22 fif 700 Ji Ty R i AR 22 fife 24z, AT
TIE P I PN T S /N5 DEX 1] 22 figp 48 1 Aol 2285 3
PRSI TR AR T8 o AR SEIR AR WIS A I
/N5 DEX (20 pg/kg ) &S N ST ELA T ImARYE
FH, {E S F HoAth 7 5 DEX AT I0AR1E FH 9 oA 1 —
LHEST, EHE PN S DEX B8R 0] 38 o B 40 14
WA FE R, ARG Tl 28 P 3 6 AT A
FEME



T L AR /N SRR S S U AR AR DCHIAB R T SR T B BT N- THAE -D- RAGIRZ AR 2B WAERISEm « 779 o

ol U L G P I EZY B e SR Uy N = Wt o
AR RESE AR, JF BAd PFC ' NR2B 1Y 2% 35 B AIK,
/Nl DEX (20 pg/kg ) 7EAN AR HA A% 1
T, AR 0 PFC Y NR2B 3635 28/ HAMAR

[& % x #f]

[1] JENSEN T S, BARON R, HAANPAA M, KALSO E,
LOESER J D, RICE A S C, et al. A new definition of
neuropathic pain[J 1. Pain, 2011, 152: 2204-2205.

(2] iRAEIA, 2 JEIIOY, m o ARIT R, A AR R
iR SR A TR T HE LT ] . rh IO B2 2 Ak
2015,21:374-376.

[3] KNASTER P, KARLSSON H, ESTLANDER A M,
KALSO E. Psychiatric disorders as assessed with SCID
in chronic pain patients: the anxiety disorders precede the
onset of pain[J]. Gen Hosp Psychiatry, 2012, 34: 46-52.

[4] BLISS TV, COLLINGRIDGE G L. A synaptic model of
memory: long-term potentiation in the hippocampus[J].
Nature, 1993, 361: 31-39.

[5] WEI F, WANG G D, KERCHNER G A, KIM S J,
XU H M, CHEN Z F, et al. Genetic enhancement of
inflammatory pain by forebrain NR2B overexpression[J].
Nat Neurosci, 2001, 4: 164-169.

[6] BURNOUF S, MARTIRE A, DERISBOURG M,
LAURENT C, BELARBI K, LEBOUCHER A, et al.
NMDA receptor dysfunction contributes to impaired
brain-derived neurotrophic factor-induced facilitation of
hippocampal synaptic transmission in a Tau transgenic
model[J]. Aging Cell, 2013, 12: 11-23.

[7]  ZHANGY, JI F, WANG G, HE D, YANG L, ZHANG M.
BDNF activates mTOR to upregulate NR2B expression
in the rostral anterior cingulate cortex required for
inflammatory pain-related aversion in rats[J]. Neurochem
Res, 2018, 43: 681-691.

[8] DONG J, MIN S, WEI K, LI P, CAO J, L1Y. Effects
of electroconvulsive therapy and propofol on spatial
memory and glutamatergic system in hippocampus of
depressed rats[J]. ] ECT, 2010, 26: 126-130.

[9] LIY,LIUJ,LIUX, SUC J, ZHANG Q L, WANG Z H,
et al. Antidepressant-like action of single facial injection
of botulinum neurotoxin A is associated with augmented
5-HT levels and BDNF/ERK/CREB pathways in mouse
brain[ J]. Neurosci Bull, 2019, 35: 661-672.

[10] YILMAZ N, DEMIRDAS A, YILMAZ M, SUTCU R,
KIRBAS A, CURE M C, et al. Effects of venlafaxine and
escitalopram treatments on NMDA receptors in the rat
depression model[J]. I Membr Biol, 2011, 242: 145-151.

[11] ONG W Y, STOHLER C S, HERR D R. Role of the
prefrontal cortex in pain processing[J]. Mol Neurobiol,
2019, 56: 1137-1166.

[12] KELLY C J, HUANG M, MELTZER H, MARTINA M.
Reduced glutamatergic currents and dendritic branching of
layer 5 pyramidal cells contribute to medial prefrontal cortex
deactivation in a rat model of neuropathic pain[J/OL]. Front
Cell Neurosci, 2016, 10: 133. doi: 10.3389/fncel.2016.00133.

[13] FEYISSA A M, CHANDRAN A, STOCKMEIER

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

C A, KAROLEWICZ B. Reduced levels of NR2A
and NR2B subunits of NMDA receptor and PSD-95
in the prefrontal cortex in major depression[J]. Prog
Neuropsychopharmacol Biol Psychiatry, 2009, 33: 70-75.
DOU M, GONG A, LIANG H, WANG Q, WU Y, MA
A, et al. Improvement of symptoms in a rat model
of depression through combined zinc and folic acid
administration via up-regulation of the Trk B and
NMDA/[J]. Neurosci Lett, 2018, 683: 196-201.
MIKAMI M, ZHANG Y, KIM B, WORGALL T S,
GROEBEN H, EMALA C W. Dexmedetomidine’s
inhibitory effects on acetylcholine release from
cholinergic nerves in guinea pig trachea: a mechanism
that accounts for its clinical benefit during airway
irritation[ JJOL]. BMC Anesthesiol, 2017, 17: 52. doi:
10.1186/s12871-017-0345-z.
ZHENG Y, CUI S, LIU Y, ZHANG J, ZHANG
W, ZHANG J, et al. Dexmedetomidine prevents
remifentanil-induced postoperative hyperalgesia and
decreases spinal tyrosine phosphorylation of N-methyl-
D-aspartate receptor 2B subunit[J]. Brain Res Bull,
2012, 87(4/5): 427-431.
R R, T BRI DRI E I D2 55
TR X i 285 BRI PR R B BLAMARBCR [T ]
TSR PR 440K, 2015, 21 : 662-667.
GAO X, ZHUANG F Z, QIN S J, ZHOU L, WANG
Y, SHEN Q F, et al. Dexmedetomidine protects
against learning and memory impairments caused by
electroconvulsive shock in depressed rats: involvement of
the NMDA receptor subunit 2B (NR2B)-ERK signaling
pathway[J]. Psychiatry Res, 2016, 243: 446-452.
DECOSTERD I, WOOLF C J. Spared nerve injury: an
animal model of persistent peripheral neuropathic pain[J].
Pain, 2000, 87: 149-158.
LIU L, JI F, LIANG J, HE H, FU Y, CAO M. Inhibition
by dexmedetomidine of the activation of spinal dorsal
horn glias and the intracellular ERK signaling pathway
induced by nerve injury[J]. Brain Res, 2012, 1427: 1-9.
CHAPLAN S R, BACH F W, POGREL ] W, CHUNG J M,
YAKSH T L. Quantitative assessment of tactile allodynia
in the rat paw[J]. J Neurosci Methods, 1994, 53: 55-63.
SCHRAMM N L, MCDONALD M P, LIMBIRD L E.
The a2A-adrenergic receptor plays a protective role in
mouse behavioral models of depression and anxiety[J].
J Neurosci, 2001, 21: 4875-4882.
STONE E A, LIN Y, SARFRAZ Y, QUARTERMAIN
D. Antidepressant-like action of intracerebral
6-fluoronorepinephrine, a selective full a-adrenoceptor
agonist[J]. Int J Neuropsychopharmacol, 2011, 14: 319-331.
MILLAN M J. The role of monoamines in the actions of
established and “novel” antidepressant agents: a critical
review[J]. Eur J Pharmacol, 2004, 500(1/2/3): 371-384.
FLORES-BARRERA E, THOMASES D R, HENG
L J, CASS D K, CABALLERO A, TSENG K Y. Late
adolescent expression of GluN2B transmission in
the prefrontal cortex is input-specific and requires
postsynaptic protein kinase A and D1 dopamine receptor
signaling[J]. Biol Psychiatry, 2014, 75: 508-516.
[(AXHE] I A



