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Association of biomarker levels with early neurological deterioration and post-stroke cognitive impairment in pa-
tients with acute partial anterior circulation infarction with cerebral microbleeds CHEN Linyun, LIU Feng,
TIAN Xuan, et al. (Second Department of Neurology, Cangzhou People 's Hospital , Cangzhou 061000, China)

Abstract: Objective To investigate the changes in the serum levels of S1008, soluble intercellular adhesion mol-
ecule-1 (sICAM-1) , oxidized low-density lipoprotein (ox-LDL) , and soluble cluster of differentiation 40 ligand
(sCD40L) in patients with acute partial anterior circulation infarction (PACI) with cerebral microbleeds (CMBs), as well
as the association of each index with early neurological deterioration (END) and post-stroke cognitive impairment (PSCI)
after non-thrombolytic therapy. Methods A total of 236 patients with acute PACI and CMBs who were admitted to our
hospital from January 2020 to June 2022 were enrolled as subjects. The onset of END and PSCI within 6 months after treat-
ment was recorded, and the association of the serum levels of S1008, sICAM-1, ox-LDL, and sCD40L with the onset of
END and PSCI was analyzed. A logistic stepwise regression analysis was used to investigate the risk factors for END and
PSCI, and the receiver operating characteristic (ROC) curve was plotted to analyze the early prediction efficiency of each
index. Results The degree of carotid stenosis, the severity of CMBs, NIHSS score on admission, and the serum levels of
Hey, S100B protein, sICAM-1, ox-LDL, and sCD40L on admission were independent risk factors for END (P<0. 05).
END, NIHSS score after 7 days of treatment, and the serum levels of SI00B protein, sICAM-1, ox-LDL, and sCD40L af-
ter 7 days of treatment were independent risk factors for PSCI (P<0.05). Common risk factors such as NIHSS score, de-
gree of carotid stenosis, and severity of CMBs combined with serum S1008 protein, sICAM-1, ox-LDL, and sCD40L had
an area under the ROC curve of 0. 887 in predicting END in the early stage of non-thrombolytic therapy and 0. 912 in pre-
dicting END within 6 months after treatment, with a significantly greater AUC than each risk factor alone. Conclusion In
PACI patients with CMBs, the onset of END and PSCI in the early stage of non-thrombolytic therapy are closely associated
with brain tissue injury, vascular endothelial injury, oxidative stress, and vascular inflammatory response. Dynamic moni-
toring of the serum levels of S100B protein, sICAM-1, ox-LDL, sCD40L combined with common risk factors such as
NIHSS score and the severity of CMBs has important

clinical significance in predicting the onset of END

and PSCI in the early stage, guiding clinical diagnosis Yrie B #8:2023-06-08 ; f&1T H #3:2023-10-20
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ABERT S1008 & 11 (pg/L) 0.39 0.320 0.573 0. 747 0. 686 0. 687(0. 614~0.761)
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TR (%) ] 17(12.98) 20(19.05) x'=1.625 0.202
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LA n(%) ] 17(12.98) 19(18.10) Y=1.181 0.277
PEA AR TIA S [n(%) ] 43(32.82) 48(45.71) x'=4.088 0. 043
FAZEKAS WS [ M (P, Pyg) 51 ] 2(1,2) 3(2.3) Z=4.186 <0. 001
SR RAR [0 (%) ] X*=3. 860 0. 049
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R kTSP SN 62(47.33) 39(37. 14)

EZ 575 69(52.67) 66(62. 86)
Bk [n (%) ] =5.027 <0. 001

B 81(61.83) 33(31.43)

rpEE 40(30. 53) 46(43.81)

GilEs 10(7.63) 23(21.90)

5642 ] %€ 0(0) 3(2.86)
CMBs#Hz [ n(%) | x'=4.562 0.102

g - 24 50(38.17) 52(49.52)

TRAR Y 53(40. 46) 29(27.62)

TG 28(21.37) 24(22.86)
CMBs " E R [n(%) ] 7=5.697 <0. 001

B 67(51.15) 21(20. 00)

LRiS 50(38.17) 46(43.81)

Gl 14(10. 69) 38(36.19)
END[n(%)] 32(24.43) 50(47.62) X=13.826  <0.001
ARt FPG(X+s, mmol/L) 6.32+1.47 6. 65+1. 63 =1. 633 0. 104
ABER TC(#+s, mmol/L) 5.24+1.48 5.56+1.79 1=1.503 0.134
ABERT TG (&5, mmol/L) 1.61+0. 55 1. 72+0. 47 1=1. 628 0. 105
ABERF LDL-C (%%, mmol/L) 2. 110. 74 2.25+0. 71 =1.471 0.143
A& HDL-C (%45, mmol/L) 1. 170. 39 1.21=0. 45 1=0. 730 0. 466
ABERE NIHSS P43 [M(P,5, P,s) 53] 9(6.12) 11(7,15) 1=2. 485 0.013
YBYT 7 dJi NIHSSPF43 [ M(P,s. Pys) L 53] 4(3,5)" 6(5,8)" 7=6. 852 <0. 001
ABER Hey (s, wmol/L) 18. 90+4. 56 20. 87+4. 25 =3.399 0. 001
¥AY7 7 dJi Hey(2+s, pmol/L) 17. 04+4. 17 20. 43+4. 92 1=5.722 <0. 001
ABERF FIB (s, /L) 4.45+1.01 4.53+1.34 1=0. 523 0. 602
VAIT 7 dJ5 FIB(x+s, g/1) 3.87+1.27 4.28+1. 67 =2. 104 0. 036
ABERT DD (245, mg/L) 1. 83+0. 74 1. 90+0. 89 1=0. 660 0.510
1697 7 dJ DD (x4, mg/L) 0.41+0. 12" 0.44+0. 15" =1.707 0. 089
ABER hsCRP(Z+s, mg/L) 13. 65+5. 81 16. 236. 36 =3. 250 0. 001
JAIT 7 dJi hsCRP(x+s, mg/L) 11.08+2. 70 13.43%5. 12" 1=4. 541 <0. 001
ABERTS1008 (5, pe/L) 0.30=0. 15 0.42=0. 18 1=5. 586 <0. 001
VAIF T dJ S1008 (s, wg/L) 0.29+0. 12 0. 460. 19 =8. 136 <0. 001
ABERf sSICAM-1(%+s, mg/L) 0.39+0. 16 0. 44+0. 21 t=2.076 0.039
1697 7 dJi5 sICAM-1(Z+s, mg/L) 0.37+0. 13 0. 47+0. 19 1=4.976 <0. 001
ABERF ox-LDL(%+s, mg/L.) 0. 68+0. 31 0. 82+0. 39 =3. 073 0. 002
VAYT7 7 dJ ox-LDL(%+s, mg/L) 0.71x0. 25 0. 92=0. 34" 1=5. 606 <0. 001
ABERT sCD40L (%5, pg/L) 0.43+0. 21 0. 50+0. 23 1=2. 439 0.016
1697 7 dJ sCD40L (%5, pg/LL) 0. 42+0. 20 0. 56+0. 22" 1=5. 078 <0. 001

5 ABER A #P<0. 05,
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&5 HCMBsBIPACIEE PSCI X & B E ZE W) Logistic % 245 Bl JH 457

AR i BIE SE Wald P{H OR(95%CI)
END 1.030 0.287 12. 839 <0. 001 2.801(1.594~4.919)
097 7 dJ5 NIHSS ¥-43 0. 489 0.107 20. 925 <0. 001 1.631(1.323~2.012)
VAYT 7 dJ5 S100B M A 45 0. 625 0. 143 19.014 <0. 001 1.868(1.411~2.473)
VAYT 7 dJ sSICAM-1 45 0.318 0. 136 5.436 0. 020 1.374(1. 052~1.795)
V69T 7 d )i ox-LDL %" 0.317 0.075 18. 067 <0. 001 1.374(1. 187~1.590)
VAIT 7 dJ sCDAOL #5451 0. 468 0. 105 19.999 <0. 001 1.596(1.300~1.960)
W -13. 688 1. 688 60. 359 <0. 001 <0. 001
N R IRAE X0,
Fz6 {ECMBsHIPACIEE ZBREZTN PSCI X BESEL
(L7 I FHE AR EL Uk TR HERR AUC(95%CI)
END H 0.232 0.476 0.756 0. 631 0. 606(0. 533~0. 679)
YAIT 7 dJ5 NIHSS 743 (43) 5 0.393 0. 790 0. 603 0. 686 0. 727(0. 665~0. 790)
VAIF T dJF S100B 25 1 (pg/L) 0.38 0.432 0. 638 0.794 0.725 0.732(0. 671~0.793)
1697 7 dJ sICAM-1(mg/L) 0.48 0. 289 0. 495 0. 794 0. 661 0. 637(0. 565~0. 709)
¥A97 7 dJF ox-LDL(mg/L) 0.82 0. 350 0. 648 0.702 0. 678 0. 664(0. 594~0. 734)
1697 7 dJ sCD40L(pg/L) 0.46 0.321 0. 657 0. 664 0. 661 0. 658(0. 591~0. 726)
A T R F PRE_1 0. 44 0. 685 0. 838 0. 847 0.843 0.912(0. 875~0. 950)
ROCHHZ o G R A R IR —E L, TR 8 Bt
—END ff: CMBs 1) AIS (£ & END #F 47 530 f0m | X 45 &

— V4977 dJENIHSS 4>
RIE7 IS 100D 1

— 0977 dJisICAM-1
1777 dJ5ox-LDL

— 1707 dfisCDA0L

— 4 BT £ PRE_1

e

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1= 5k

2 CMBs 1 PACI B & FE R R 28 S I645 T00 (R 7 T3 PSCI Y
ROC £k

3 03 8

END & 53 AIS S #H 8RR B R m £
PR Z — W Res i B %0 . CMBs J& F—
Bl 2 /NI A4S 95 A8 I s AR 2R I, 02 /N I s A8
HNB Y i IR LWL I I ST TR B B TR ) 5
BRI EE 2, T B2 P BUR R SAE KN | R il DX I G
N LN B S S R AR 2 e . EA T
ST, CMBs & H2 7% i 21 U4k T 18 MR HE TR 2
23N ATS B END XU, ARy 25 R R 1
CMBs /Y PACT £ END &/ %3k 34. 45%, 5 Tl

END R B i3 AT 2GR B L. PSCLE—F AIS
JE DR UG A RAEAR , Bl #2528 A i A
T HE R A TG 0 . A RS B, ALS
PSCI & 4= 0] ik 20%~80%""* . [R5}, CMBs 3,43 X%if
SN )R8 3 AN RS20, 350 PSCI AU , AT B
55 CMBs 2> 451473 J) [l o 20 27 e 3 | B Jo T 45 440 3 I
H A AT BB 2 T PR I 1) #f 28 TT IS ] 1) oL 2R B 37
JE38 RNk, el BT A S AN R, S
FONAINRERI A & 1M PACTJ2& AIS PR & UL
HL A ™ g 2R X PACT & PSCI XU #E 47
T, SR A xR Y B 6 #E i, A B T ok
PACI S H M 2 DI RE WS AR . IR b 2 22
FR P AIS £ 35 Bt 17 1 16]) MoCA P43 DA b 3k T FE L T
At B TA T ) el R RN R X 2k A7 45 17 10 X PSCI 3k
W (R R A, HLVPAS IR [a] 38 H i PR T
5 3 A VA AR LTS A i B A, P RE233 mi5
2R K, ASF T PSCLi R 2y7 . A SR
KB, CMBs , AIS & PSCI ¥4 1] 58 5 it 28 Jist 5t 41 Pt K
%t iEZSved 1 O (1R 20T =S ) L EA T RAE N 1)
BN B A AR R 2R R A AR R N A — R
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G195 LA BEAR A AT SC0T 2 ] I, XA CMBs 1Y
PACI 835 B3 IR YT oA DG H8 B3 2E 47 2 45 Wl vf
e A BhF END & PSCI -39 300

ST100 A2l FH i 288 J52 5T 44t 73 16 1) v AR b 22
RYE SPGB T 45 5 1, 2 4 S5 0 R
PEFR bR o IE R AL B G T S100B 2 11 7% fE i
A, AL 224 S Rt e 5 407 i, 7% A 28 R 5 40
B S1008 1943 Wb, LIME & 84 iy A 28T, 1 [w) ) fii
5075 S0 5000 40 A R ot i o o 114 S 4 v B R
{15 S1008 25 1 H ik 40 MOV 18 A BV, SRR 2
25 37 45 1 i A B R A AL, AT S S R
S1008 & [ &t s , 1Mt T S1008 - 5 A% 4, 1
AEAENG I35 3~4 d Bk £ im0, I P e A e 1Y)
P FEPE, 5 7 b 2 T R b AR R s VA G,
AR N A0 12 WT B 18 DAL B bR s i > . g
AR KRR E TN N kA R S
S100B & [ 7K - 5 1A H1 1) B B i &k 4 & & % 1)
A

ICAM-1 J& F — B S0 &8 1, i i afn - 1
ICAM-1 Ry, H B 17 12 i 3k 1y U8 O 220 v R A1
1M sSICAM-1 & ICAM-1 B Rl MR A J2 i 4S9 2
21 A2 3] 4 A TCAM-1 DA 200 i 6 v ot 9% 1 7 24 A —
Tt 9 DR 7, 28 2 468 %) XA 57 e P88 A A LY, 1L 3
sICAM-1 7K -7t 55 AT s I gl i Jii 26 2811 45 PN B 4
PR . JB DSR2 I 55 A R, sICAM-1 5 Bt
I A 15 95 B B T e VAR O, FLR A A1)
AEF AR N T FF & . Gregory 25NNy, 145 Y
F AR NI BERE RS 25 b4 sSICAM-1, FFAR & 489 U
AT RE BN A A B 0 & . AR E] T2
IR E518 . (HAT AT sSICAM-1 55 il : Fiki
145975 A8 E AT BB TG B S A G

AL I 38 -5 e i A i IR0 1) T A R TR 4 DI AH
5%, FLAEGR HE AR BRI B L Rt P 440 L il A
N B 45405 45 7 T ¥ R A o T ox-LDL A& AR
22 S AN bR A ) B e A B AR AR 0L SEOTR 2 A 4
Bro %75 5258 I0A , ox-LDL 3 1K 5 B ifi P fiki
78975 A 28 Ty RE B 19 Ak R R VIR G . i 42
FEOT BT ST K B, S I A R R A A R T
e 5 MVE = 8351 ox-LDL A %, 1K  ox-1.DL 7]
REAT BT DA T A A T

sCD40L J2 5 22 1Y 1M 4 4 AE I B bRl , sCD40L
o 2 IR NS AT 38 2 PR /N IO 240 BRI 1 K i 4R PR
FAE IR, T L RE A HE A A S X R 28 T 4
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(4507, T8 B AE Iy et 2 3 03 R G T A, 53K
INFITREI . WL AE AT & B, ki A A8 F8
1134 sCD40L 7K F- 5 MoCA PF43 5 i % 1 A 56, I Ny
LR T0I PSCI A bR A2 o T BB 25 ) F 5%
% BRI sCD4OL 1= 3R 18 5 AILS J7 A B it %5 1)
FHC

5T R I, & HE END 3 1L S1008 & 11 . sl-
CAM-1,0x-LDL ,sCD40L/K-F- B i = FIJC END %, &
A PSCL A b ik 48 45 78 W I =5 T JC PSCI # , & 7R
END . PSCI % A ] fig 55 i 20 2450405 048 PN iz 46240
S A B T ARE S I AR B A O, 5 DL RIF S 4 i —
Ho MABGHBEIRIT 7 dJ5 LE #5168 bk F5F
A UL Sk I EE & T, A B R R AT g R I
P T, 3l S 22 M I AT I PR B A R 8 61 4
(R IAY. i S8) et St (T s 2 2 N1 2 s = 1
T A8 bR VA T =5 S )[R SE 4 A5G , T 4546 A 110 32
— B TF AT BE TR PSCI I & 4 o Logistic 1245 [A]
VA 53 B A R, 6% 35 50 Jhikople 7 78 B2 L CMBs ™ HE P2 JiE
NIHSS P73 K [l E Hey 55 W& fa R R A 1697 7 d
J&i ML 7 8 7K - 59 S1008 2 1 L sICAM-1, ox-LDL,
sCD40L ))& £ CMBs 1 PACI 2 END J PSCI 9 1th
SEAGES 2R i END & PSCI 0 ST fa i I8 %, 32
7R I EE A END BB R BTG IS A] REREAIK PSCI Y & A
R, T2 ROC 4 kB, B — fE s P R )
END Az PSCI B 5 U 41 {35 AN % FHAH (AUC<0. 75)
117 4% PR 22 6 i 0 A1~ 35 END A1 PSCI ) AUC 43
HIIRF] 0. 887 F10. 912, 3 W KL F 40 o ok Fe 25 F2
CMBs "™ 52, NIHSS P43 K IML7E Hey 454 UL & fé
KA 18I 7 dJa ML S1008 25 L sICAM-1 , ox-
LDL.sCD40L 5 A7 Bl T ] %t £ CMBs i PACL i #
AR HEIATT H END 2 PSCIBEFT I , M T 5 - L 45
SR RIZYT U

Zi I, £ CMBs (19 PACT R F AE #2177 H END
S PSCI %t 55 i 20 234050 05 178 P9 e 43 A4k
U K 5 B g 4 YRR G, 2l 25 W D 1fiL 77 S1008
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43 \CMBs ™ 2 J3 455 DL e £ PR 22 % S S Tt A 775
AT END B PSCLE A4, 48 S IR 297, DT 2k
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D ATV R — 2 04T 2o oty CRAEAR S Z2 B[R] i 1Y
RABEFEIN A6

RIBZFERR: AsF il T ARE RS IE



XS MR 2024 4E2 ] 41 B o

£ R A WA (T :K2021089), BHF R R B HE
iTRERER ARAL KA.

JEEE R E L B S ]
* R

TEETBAE: MAk=.HBF 0w Lkt
I FRAR = XM R TSR R AR AR VAT AR Y

#E

FH M E BIE K R R TRIEIE At
N\
77

7N

R

FoM G E B A IHOE R R 9Tt S,
EERR BFEELFHRE CMF,
(55 30k ]

[1]TuJ, Wang LX, Wen HF, et al. The association of different types

P

of cerebral infarction with post-stroke depression and cognitive im-
pairment[ ] ]. Medicine(Baltimore) , 2018, 97(23): €10919.

[2]Ji X, Tian L, Yao S, et al. A systematic review of body fluids bio-
markers associated with early neurological deterioration following
acute ischemic stroke[J]. Front Aging Neurosci, 2022, 14:
918473.

[3] Nakamori M, Hosomi N, Tachiyama K, et al. Lobar microbleeds
are associated with cognitive impairment in patients with lacunar in-
farction[J ]. Sci Rep, 2020, 10(1 ): 16410.

[4] Talavera B, Gomez-Vicente B, Martinez-Galdamez M, et al. De-
layed neurological improvement after full endovascular reperfusion
in acute anterior circulation ischemic stroke[J]. Stroke, 2021,
52(7): 2210-2217.

[5] Chen L, Liu F, Tian X, et al. Impact of cerebral microbleeds on
cognitive functions and its risk factors in acute cerebral infarction
patients[]]. Neurol Res, 2023, 45(6): 564-571.

[6] Zhang DD, Cao Y, Mu JY, et al. Inflammatory biomarkers and ce-
rebral small vessel disease: a community-based cohort study [J].
Stroke Vase Neurol, 2022, 7(4): 302-309.

[7] Wang A, LiuJ, Meng X, et al. Association between oxidized low-
density lipoprotein and cognitive impairment in patients with isch-
emic stroke[J]. EurJ Neurol, 2018, 25(1): 185-191.

[8] AR R e M 2T~ 2%, PARIR " e M 220 2 7022 I L0
SR E R BRI N A A TE B 20180 ). AR R
i, 2018, 51(9): 666-682.

[9]Lu D, LiuJ, MacKinnon AD, et al. Prevalence and risk factors of
cerebral microbleeds: an analysis from the UK biobank[J]. Neurol-
ogy, 2021,97(15): e1493-e1502.

[10] RR 4Kk, 55, R U5, 5. A28 160 550 ki
RIS EE | BRE B K S ok e s bt a4 G A R 2 A LD ).
IR EEZi 247, 2019, 23(14) : 43-45.

[11] % 5, SRk, DA, . b5 AR e
WL PEATRR, 2017, 12(6): 519-531.

(12177 BE, 5k 8, BESCH . /Nl ik A 28 B I 2 i S8 Ikl 1l
5P 2 BB AL AR SRS [T ], P E BRI A A
2023, 46(6): 488-494.

[13] £ B, SREAE, BFEM, 55, IO IS 2 v Bl P4 b &
R AR ARG ] BRI AT A4, 2018,
26(6): 428-433.

[14] IR, 0 O, Sohlalr, 55 . 2P Bl o i A o s DA 0 e 1

PRI

- 147 -

SRR NAT AR A R AE PR S8 [ ] v A8 2 A0 M 100505 2%
i, 2020, 22(4): 348-351.

(15]ORREESC, SRAEER, BRI, A% . MGl i DA AR R A A 6 L]
R A AL SN REAY O ZR AT [0 ], S i il 1L
ek, 2021, 29(5) : 35-42.

[16] Xu S, Lu J, Shao A, et al. Glial cells: role of the immune re-
sponse in ischemic stroke[ J]. Front Immunol, 2020, 11: 294.

[17] Chen H, He Y, Chen S, et al. Therapeutic targets of oxidative/ni-
trosative stress and neuroinflammation in ischemic stroke: applica-
tions for natural product efficacy with omics and systemic biology[ ] ].
Pharmacol Res, 2020, 158: 104877.

(18] Zff, 3 1%, JLIAAR, 45 . microRNA VR e 1L 1P i 2 v /N
T A0 MV A T e (D . e XU B i 25k, 2022,
39(2):181-183.

[19] Wang Y, Hou Y, Li H, et al. A SERS-based lateral flow assay for
the stroke biomarker S100B[J]. 2019,
186(8): 548.

[20] BREZS, INAA . LT S-100B H1 28 045 5 P I WAL 1l K - 5
i e R T 22 D RE A R B A DG PR (U ). S
ZPTAA, 2021, 24(5): 420-424.

(21 ] TR, 2R . ILTE S1008  MBP 5 e i P il A v 18 35 DA
B A SE PETF 9T [J]. AR db 30 TR 22224 (R 22 ), 2022,
24(3): 169-175.

[22] sk A RORTE, BUR A, 5 . S0 PE B AR 5T B 3% 1T S1008 K
NSE 7K F- 5 ML PSR A SCHEDEFE [T ], vh S B 28 5 2%
#,2021,38(4):315-318.

(23] JA2GRE, ol ATk, S5 . Al DA 020 6 B i i 1 42 A6 3 1l
TH T TR 200 A ) 85 B 23 7 1 KO AR B e I OC R [T ],
JUPEEESE, 2019, 41(17): 2171-2173, 2190.

[24] Gregory MA, Manuel-Apolinar L, Sanchez-Garcia S, et al.

Soluble intercellular adhesion molecule-1 (sICAM-1) as a bio-

Mikrochim Acta,

marker of vascular cognitive impairment in older adults [J]. De-
ment Geriatr Cogn Disord, 2019, 47(4-6): 243-253.

[25] 5k ok, £ M, T 20, 5. BB N SRt A R
R FAKE S NA R FE R CRT] T HEE,
2019, 41(16): 2013-2016, 2021.

(26] #7751, BXSEME, MO, A5 . A il 1 A o 4 e 8 ox-
DL, PAPP-A 3235 T 5 1 28 3y RE Gk 548 82 (9 A OGRS [ .
i S50 PE A4, 2020, 28(9): 529-533.

(27] 2% I, 2UVEIGAESE R I AR BE i 2 1 3Rk 5 A e
THIAROGTEAIHTL) ). BRIETLPES:, 2021, 45(23): 2488-2490.

[28] de Freitas Cardoso MG, de Barros JLVM, de Queiroz RAB, et al.
Potential Biomarkers of impulsivity in mild traumatic brain injury:
a pilot study[ﬂ. Behav Brain Res, 2023, 449 114457.

(2014 WL, ThES, X Mg, 45 17 sCD40L, YKL-40, AB1-42
K5 2 i A A AR A R A R A DGR D] T IR R 2y,
2022, 48(12): 1217-1220.

(30] 5 W, X B, PRIGEAR . 15 & S PRl P A A v iR 2 A
1552 A B A B [ 3 MW Lp-PLA2  sCD4O0L FY AR e EmFSE (1], )1
JLBE B, 2022, 37(6) : 754-758

AR N /7 4| I = I (= W O £ B B R i = 1]
IMIFE £ 35 A A E bR e KT 5 A A 2 D e Ak S AR v R A
AR R[], RS M2 g 24, 2024,41(2) : 140-147.





