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BHEMRH BT, WX R, GEEE RS L, SRR ED (muscle sympathetic nerve activity, MSNA)
ET$A. TOBREIZ X5 MSNAOIKTIE, MUEIZ L 2 BRI 5 BIRE A 84 N~ L 72 RS o0 2 e 40 il i
BT REMEATRIE SILT WA, 2 THMA, BIRESESMIEATE S REEIREREH TIE, BHIZ X ) MSNA
B 2 L OB E T, FOMAEEIT- 72, 14 HOBEINRELRE CF4EH50 £ 35, 3 £ MlERsE , EEMm e, 10
ZOBEREE Q3 £ 1% ; W) B g, TR, 408, Wk L - (forearm blood flow, FBF), Wil AL
(forearm vascular resistance, FVR)$ & U'MSNA (248 K29 M AR L7z, FBREMHRMBUEEZ B A LA ¥ =2 -
FULFAEYST712E D, MSNAMUNMIGREREC L DML, MR- aF Y FRllmgD 7 (1 vy~ & F/3a2K
TG, BRI BT B BRI AR 8 (baroreflex sensitivity, BRS)(£4.7 £ 0.8 3 ) #/mmHg Td b, O BRS
15.1£2.2 3 ) /mmHg & b AT - 22 (p<0.01). BEfifeizid, M=o o R%, RENTER1I7.0£162005
95822 ~, fHIECIZ2L8E 14705 41232 4 g/l~E VI I LY L7 (B2 p<0.0). fETE, BT
LG WU EINRIE, JLHEMBINRIE, O, FVRIEHE (FALFhp<000 8L, FBRIGT I (E<0.0D LT LA, LA
L, IHOHOMTIHERRREOBEoRIEE, MEENTEEA SN LD o7, MSNANOUMOEEL, HTHETIE204 +
4,955 19.6 £ 8.7 75— A b /100045 (<00 IS T LAz iz L, #HABRETIX48.8 £54 45 57.3 25,5 /¥— A } /100
HANF I E<0ODIZ LS LAz, F7:, BRS &/3—A b L— b S—2Z F /) OB E DI r=-0.53 (p<0.01}D, /S— A 1
YUFYAS—A N /1000 OEALE E D2 r=-0.62 (<001 DARPEBIRATA S TS OREIE, BRI PAR
PEACREAME RN A7 Y, BIRM S22 ARSI AML T L 2Bl IRSBRF IZ B VT, B~ ORI THEYT 5 2
LERIBELTHA.

Key words cigarette smoking, muscle sympathetic nerve activity, baroreflex sensitivity, coronary

artery disease
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Abbreviations . BI, burst incidence; BR, burst rate; BRS, baroreflex sensitivity; FBF, forearm blood flow; FVR,
forearm vascular resistance; MSNA, muscle sympathetic nerve activity
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O & ) AT R A LR S AR i B A5
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TEENRGE BB 14 4 (AT L SRS 102 AR I 23
FELi FBET, WEVMETH L ERE, RN
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BONREE, YLRMIBIARIE % 100 Ll L E LESE % 4R L7z,
BRI 1/3 (UERIBIIRIE + 2 X SLEMIENIRE) mmHg o
HlzL ko7,

il i & (forearm blood flow, FBF)I¥ A M L 4 ¥ 4 — ¥ -
TV FAES S 7 SPG-16 (MedaSonics, California, USA) %
W, BHIREIBEEEC X DMIE LY. Tabb, B LEREICEIR
PSR 7 7 2 ARIBER OB O K L AVIZA ML A v 5= %
BTeth, AR RO L AL XD RIS S SR

i

ERTEIC L7, 2IZHIRFZEM 5 7 % 30mmHg % CTNE
L7z MEOBHIRE AR E 326k L, o KkEM2 5 FBF %k
7z, FBF OFEFRISBIRG A IR AR L e fk, SETVFoh
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i (forearm vascular resistance, FVR) {Z ¥ )R FE % FBF Ci
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1Y —5000HzD7 4 V¥ —Fiil L7k, 010 ERED
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W Ak B R L A W M AR (mean voltage
neurogram) % fRATIZIH 7z, MSNA O i@ i O3 E b, 1
WEHEZS AT DAL, AN NSO A N LA Iz
e e, FRBEAMICE VBRI RWI EIZL Yol
1083 ds, MSNADFEAIiE, 14 MWD /S— A ¥ (burst rate,
BR), 100.0:11d 79 @23— 2 b ¥ (burst incidence, BD 2 &
p) 'ﬁ"O 7'-: 3n “35)'

MEHBEOHIRS LD I VA7) v B L = aFy
BEENET A0, 204 =YR)ZFL VI F—FILER
HHIR 2> & LA 1) 20 o THAT A AT IR IR A LAz, 7
VIR 7Y ERILZES L CTIZEDTA-Nay A H BRERSS 12, =
T RRMZEE LTINS 2 A0 SRR ICERINES, THHI24T,
3000rpm C 10 2350 L L4 > SN 2 72, 2 vz 371
COERE AR s v b ST 7 4 =R T a—
T I Y AHEFHLC-8030CGRY —, WED A H W TIFo7/ =3
FrOFERETAIOT 7T 7 4 —iE% H AR
75 QP-5050A (R FEBERT, B4R & W Cifo 72,

DR FE 3 25 3 AT B RE DRI T B 5 DY IR = % 2 AR i1
(baroreflex sensitivity, BRS) (&, 7z =1L 71 »EIZTHEL
723990 ghbh, BRIE, OB % 100mm/ R o HE Tl
REBRL7-LET, 7x=L 7Y v (B, BHE) 100 . g% 1H
BRI TR S L CBIIRIE & i LA g€/, LRH
DOIHEMBIRE T 240 CERI RREEO MR E KD, B
BFSAT 2T, ZORBEMOME 2BRS L L7z, AHOH
EESFMU EOBEEE & 3@ LML, HEHRES0.70
DERbOERAL, Z0OFEHER .

PERE % 10 L. BRI & Lz, LER, BHIRE,
MSNA, FBF %L, M/ v ¥r 7)) VigEB L=
FURENEHORIILE T, ZOHBRSEFMELAZ. SbiZ
0B ORI Z L Img D=0 F V2 &F L2741 VT —
f& #8240 % 50 CHME L, BUERT 10414 IC AT
BiHE, MSNAOESEL M/ V37 VikERLF=aF
VIR E R ORI E T 72,
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{H%k, BIRE, FBF, FVR, BR, BI®[Liix, Wilcoxon @ %
Bt B NEMAREE HVTfTo 72, S48EIC BT AHEBR @
L O LEIE, Mann-Whitney® URREE W TiT o 72,
BRS & MSNA & O# RO F NS HLRIF 47 & F vV CHIBE R
BAEROFMLUA. 2B, EHEEH0.05 ki % KT ENIHE
L7
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Table 1. Clinical characteristics
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ot REIATIEN TEA R Ao 7. EMEECBT 250
BB L URRBOFRER, TNENUEPIFEEETH -
2B, MRS TIEZ Y O - VIERIFTH D, SRR
WER o RIS A DI Do f2 B b LI
BLUT Y F47 2y PEMMENEEORS I, £htho
%, 5HIZTh T,

. @EEHs L UCEBBOBIRESAEME

BIMRIT S B REE NIEE CH L BRSO R TR LIZR
4. BRSIZEH#M151+22 3 )/ mmHg, #EEM47 08
I)F/mmHg TH Y, EEFTHFERIET LT 7 (p<0.01).

I, WHEATHOMYE = o F > i

M= o F 2 L, MRRLC L DR BRI 218 14 2
541.2:4£3.2 u g/l FEHRIETIH17.0E 1.6 5 25.8 2.2 4
g/ L 72 (B2 p<0.01, [M2). LarL, BED

Variable

Young healthy subjects

Patients with CAD

No of subjects
Age (years)
Gender (Male/Female)
Duration of smoking (years)
Height (cm)
Body weight (kg)
Body mass index (kg/mz)
Hypertension (%)
Diabetes mellitus (%)
Medication
Ca antagonist (%)
ACE inhibitor (%)

10 14
231 59 - 3
10/0 14/0
3.9x07 3524334
1763 166 £ [k
65+2 6512
21.1+0.6 23.5£0.8%
0 64
0 36
0 64
0 36

Results are expressed as X+ SEM.

Statistical difference between young healthy subjects and patients with coronary artery

disease,*P<0.05, **P<0.01.

ACE, angiotensin converting enzyme; CAD, coronary artery disease.
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Fig.1. Baroreflex sensitivity in young healthy subjects and
patients with CAD. Horizontal bars indicate the mean. O,
young healthy subjects; @, patients with CAD. CAD, coronary
artery disease. **p<0.01.

sk
80} I Hsk
|
g
2 60 C
£
g @) ®
=1
g
§ 407 &
£ Q
E o e 8
=
Edl S o
I T o
[
0 T T
Baseline Smoking

Fig.2. Plasma nicotine concentration at baseline and after
cigarette smoking in young subjects and patients with CAD.
Horizontal bars indicate the mean. O, young healthy subjects;
@, patients with CAD. CAD, coronary artery disease.
**p<0.01.
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Table 2. Hemodynamic effects of cigarette smoking in young subjects and patients with CAD

Young subjects Patients with CAD
Hemodynamic parameters Baseline After smoking Baseline After smoking
Heart rate (beats/min) 64.0k1.7 85.9 2. 3%* 60.2+1.7 65.52.7%*
Systolic blood pressure (mmHg) 106.3£3.6 118.242.9%* 129.5%6.0 140.91:5.7%#
Diastolic blood pressure (mmHg) 64.0E1.8 744+ ] 9F* 65.02.8 72.1£2.7*%
Mean blood pressure (mmHIg) 78.1%£2.3 89.042.1%% 86.5+3.5 95.0£3.2%%
Foream blood flow (m}/100ml - min™) 10.144:1.20 710 1.14%%* 7.90%=1.19 5.270.50%:
Forearm vascular resistance (units) 8.6610.96 17.45 +4.09%* 13.55+1.75 20.352,22%%*

Results are expressed as X SEM.
Statistical difference between baseline and after smoking, #*p<0.01.
CAD, coronary artery disease.

Table 3. Effects of cigarette smoking on sympathetic nervous system in young subjects and patients with CAD

Young subjects Patients with CAD
Variable Baseline After smoking Baseline After smoking
Burst rate (bursts/min) 222+1.9 200£2.6 29737 37.54:4.3%*
Burst incidence (bursts/100 heart beats) 352£35 23.5£3.2%* 48.8+=5.4 57.35.5%k
Plasma norepinephrine concentration (ng/mi) 0.187£0.027 0.142+0.020 0.137£0.021 0.1340.020
Plasma epinephrine concentration (ng/ml) 0.026=£0.004 0.096£0.024 0.023+0.004 0.057:0.022

Results are expressed as X=SEM.
Statistical difference between baseline and after smoking, **P<0.01.
CAD, coronary artery disease.
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Fig.3. Percent change in burst rate (A) and burst incidence (B) after cigarette smoking. Results are expressed as X + SEM. Open bars
indicate young subjects and closed bars denote patients with CAD. CAD, coronary artery disease.
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Fig.4. Relation between percent change in burst rate after
‘cigarette smoking and baroreflex sensitivity. Baroreflex
sensitivity was significantly correlated with percent changes in
burstrate (r=-0.53, p<0.01).
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Fig.5. Relation between percent change in burst rate after
cigarette smoking and baroreflex sensitivity. Baroreflex
sensitivity was significantly correlated with percent changes in
burst incidence (r=-0.63, p<0.01).

FifgE T BwTh, MEMOME= 2F Y REICIIHES
ot

V. mfFEEEICs & IFTEREDRE
MATHREZ B LT TR L R2 IR, BEIZ LY.L
ML, BEREERT21.9+£23/5%, EEBTIE+5.2L
L4/ E TR FEICHIML 2 (F R Fhp<0.01). HEREF
HEHONWHEWIIREZ+11.9+2.3mmHAg, #HEHBIIRE &
+10.5+ 1.0mmHg, EHEHETIIFhFh+11.4%2.0mmHg,
+7.0 % 0.9mmHg & Wb HEIIHINL 72 (F L p<0.01).
KRB RE~ORMO Y TIZ, FBFRIEFERFEEHETI1L
0.6m1/100ml/4>, #EEEET-2.6 +0.8ml/100ml/% & HEEE L&
F(ENEFNp<0ODICET L, FVRIZEFEEEERTIL188+

3 7ML, SEAIETIZ+6.8 £ LI LT & b A B (ZFILEN
p<0.01) L2Bddm L 7=,

V. ZEREEEDICSLIEITREOHE

AT C B S F T O RE E F 31T T. MSNA~
DEBTIE, HERTEROBRIZ-18E1.6/5—A M/ EH
BB R o270, BHE-1L7 £2.675= 2 1 /10004 & 47
TEZIET L7 (p<0.01). B2 & ) S BRED BRIZ+7.8 £ 1.2/%
— A N/9, BLIE48.5£2.075— % 1 /10004 & Vg b A7 3
IZEEII L 22 (F L F L p<0.01). TV Iz BT, M/
LT kg, M RT ) LRI R TAT
BRI Ao 1.

MR 2B 5, MSNADE(LH A3 IZRY. BROK
(L E T T 1103 = 0.3%, #EMEETIL+29.5 & 5.4% &
HITIHRBIETEITH - 70 (p<0.01). BIDZLHE IS 4T
PTI3-832.8 £ 7.0% AL T Loz ad L, $EATETIE+203 ¢
5.8% &L, WIRER AL AT AR B L7 (p<0.01).
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&£ 3 12 BROZE{LH & BRS ¥ OII1E. r=-0.53 (p<0.01) DA i
LD FIWE R, 51273 & 212 BIOZ(LH L BRS £ DI
12, r=0.62 (p<0.01) DAL FIOHIW & B 7=,

% =
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(&, PRI R AT AR &, BP0 s
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Wxt L, BIRESEMROIER S HEREH CH, B0 Pz
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W, BRI L B0, MUEO LR HET BRI o 1L
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VT E ) RERIGAT60% M L, TF 20— X0 S
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Abstract

Cigarette smoking is associated with increases in arterial pressure and heart rate, and a reduction in muscle sympathetic
nerve activity (MSNA) in young healthy smokers. It has been assumed that a reduction in MSNA after cigarette smoking is
mediated by increased baroreceptor activity triggered by arterial pressure elevation. The purpose of this study was to test the
hypothesis that cigarette smoking increases MSNA in patients with coronary artery disease and impaired arterial baroreflex
function. We examined the effects of cigarette smoking on arterial pressure, heart rate, forearm blood flow (FBF), forearm
vascular resistance (FVR) and MSNA in 14 patients with coronary artery disease (mean age, 59 & 3 years; group CAD) and
10 healthy subjects (23 = 1 years; group C). FBF was measured by strain-gauge plethysmography using venous occlusion
technique and MSNA was recorded using microneurography. The patients was asked to smoke two cigarettes of a filter type
with a nicotine content of 1.1mg. The arterial baroreflex sensitivity (BRS) in group CAD was 4.7 & 0.8 msec/mmHg, which
was significantly lower than that in group C (15.1 £ 2.2 msec/mmHg, p<0.01). After smoking, plasma nicotine concentrations
were significantly increased from 17.0 = 1.6 t0 25.8 2.2 in group CAD, and from 21.8 + 1.4 t041.2 £ 3.2 x g/l in group C
(p<0.01, respectively). In two groups, cigarette smoking significantly increased systolic and diastolic arterial pressure, heart
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rate, and FVR (p<0.01, respectively), but significantly decreased FBF (p<0.01, respectively). However, changes in
hemodynamic parameters were similar among two groups. Cigarette smoking significantly attenuates MSNA from 29.4 £ 4.9
to 19.1 == 3.7 bursts/100 beats (p<0.01). In contrast with group C, smoking significantly augmented MSNA from 48.8 £ 5.4 to
57.3 =+ 5.5 bursts/100 beats in group CAD (p<0.01). There was significant correlation between BRS and changes in burst rate
(r=-0.53, p<0.01), or burst incidence (r=-0.62, p<0.01). These results suggest that cigarette smoking has a direct effect on the

central nervous system and augments sympathetic nerve traffic to muscle in patients with coronary artery disease and impaired
baroreflex function.



