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Power spectrum analysis of the cardiovascular parameter variability in
rat vascular pain model

Ryuichiro Anpo*, Chizuko WaraNaBg, and Syuki Oima
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We investigated the dynamics of cardiovascular system in order to search for the
characteristic of vascular pain model using power spectrum analysis. The animals were
anesthetized with urethane (1.3g/kg, i.p.) and arterial cannula was inserted into a
bifurcation of femoral artery. The recording of heartbeats was carried out by chest bipolar
lead. Systolic blood pressure went through a transducer from femoral artery and measured
it invasively. In the power spectrum density (PSD) of R-R intervals, it was almost the same
as that of un-stimulating state at very low frequency (VLF, <0.08Hz) and low frequency
(LF, 0.08-0.3Hz) and high frequency (HF, 0.3-4.0Hz) . However, the arterial capsaicin
(CAP, 0.2 g) evoked the increment of total PSD values, particularly at LF and VLF, were
markedly different from those of pinching. Furthermore, the increase of PSD by CAP was
inhibited by morphine (5mg/kg, s.c.) . These results indicate that the useful possibility to
observation of the autonomic nervous system dynamics induced by vascular pain as a

characteristic of this model.

Key words — capsaicin, heart rate, blood pressure, autonomic nervous system

dynamics, power spectrum analysis, wavelet transform

o

i

FAIL, ERORIFIIRIEBELREREOV LD
THY, HELDOEMERICBVTHRERZALT
AR b x5 | ST L, TUEA O/ RIEE EH]
B X AR HLEB SN ZF o8 EF & LT X <A
LNTBYY, ZoJezin LT tail-flick test?,
flexor reflex test®4 7z & DI AEIYE T IV DSHRIE
ENTWVE, E5IT, WAL LBEECMEDEH
LEFEEREL, BEMERICHECEELTS RS
Z e, EERRRUD & I BERKEE TV
SFAERIL CHVLNTE 2, $72, AR
MRERDOIEENLBE G & DR BEELTEDY,
AMVA, NER EBRIGBEDOERTE LIE
SEERESRERE & BRMFSROB D ) Z.L4HR 1M

FE DG X =7 =B L VLI ER
DDOHBED. LIAHT, ERBAEEBRTHNLN
TELBEERSTEFT VI, HERIEDR 2
HERERERIGROERIZ L DY EIITbNIZ & T
S, BATIREM B 720 O.LAFR MEOEBMER &
FEMNEMEE LTBELTWLH0D59, M
) BEMZEROFMAEfIRZ SN T
W, R, JEBRESST X —F — DT — AR b
VEE (PSD) DRRFIHTIC X1 56/ 72 B
FERDIEB) % sk - BT 5 FESHE S LT
59,

Z 2 TARMZETIX, bbb hasBi% L 221
ETNVD HWTH T A ¥ VEIRFEARSBIT S
U & MEDZEAL % E I IRET T 5 7280, TED
LB % RREFHICEESET 5 & & B2, PSDOFER



118 THEE—RR, ELTHET, NE 1B

ENANG 2 v VAR
KRB B LU FE

1. EEREMW

EERIZIL, KEH280 ~340g D SD R T v k
(HARSLC) =@M L7:. BTz ~3EY
D7 Iy MIEE T — T (30.0 X 40.0 X 20.0cm)
AN, BEREY A 2 VAT 128 (BAEH ¢ TRE~ 19
) O—EBET (B 23+ 1°C, B2F 53+
2%) TV, #E (CE-2, HAZ L7) &KiE
B IR S 7.

2. (FREY

oLy Ty (=), WY FAAY (5%, TA
rNFEXRA), WETENHAL Y (065%, TA R
¥R, WEEELE A (ZH), ~o8y b
)7 AESHE (1000U/Mml, / K) BLUOH 7 A
v (CAP, ANZ) REEHL7-. YL ¥ VidiE
BHZESZ K EMH (1.8g/10ml) L, HEEEEL B A
13209 %EFAIRRICER (Brog/ml) L THWZ.
AR F ) T AESFHREY) VR THERL
72 (100U/ml). 51 74 ¥ VIdKICRE R 1280,
0.0bmlDT.% J — )Vifshif%, tween 80 « L%/ —
Ve oV (5150 90) RIS (5rag/ml)
L, EOICHREY IV THR 50ug/ml) L
TR L7-.

3. MEBETIVEMDIDIER

MERE T IVOMERIE, T TIThbbhHis
L72HBEICE 0T o729, Tbb, CAPHRS HED
A =a2—LOiEAL, Y& BT (1.3g/ks,
ip.) CTHBRERBHEZH lem B L, EHEERE
BRICES RS L, U ViR L
ERVIFLYHZa— L ERKRBEIRYEEE T
AT L7z, $7-, MEMER =2 —L
(3B DIRBORBREN R~ > M) A
Wiz Lizr7arh —a— L 2 T
AL7z. LENEHFAHSNERIIAHEEH L R
HIHEZAATE, 728, BEOYIRIE TN TIERE
U RAA X B RERRR R TN L, REAERITIE
BTENIA v adERA L. BEWETH L

CAP (02xg) 130.8m/min DHEETY ¥ 7F V%
AWTEAL, hBRE LCE—REEE~ND
FEMAEMAIY (K F2 ) 2707

4. DB ECMEDTEFE
EBIIMEZ1IBHEAL TS, MEFRELFE—
RETCHRIE B7+1TC) L5 1382517
BEOBRF T ICE R L7z, (LER (ECG) 1F, M
MABRFEI L DER L, MEXENF VAT 2—
#— (P23 ID, NEC) %L CTEILMIAT > 7.
MEDEZIXRY 75 7 (System 360, NEC) 12
£ R, RERBEL 15805 5 R/ b6 5%
F TDAT7—% L a2—%— (RD-135T, TEAC)
ZFRoER L7z,

5. F—AD@HE

FLEk L72ECG & IMEREIZIE 500Hz DY > 7Y~
T8 a3y (NT-5000, =7 ) IZHLD AR,
FT7T54 TR0/ SElbivbhisg
A—%&—k L0, ECGTIERIEE RIEDHIF
B (RRI, msec), METRIGEE (SBP,
mmHg) & L7z, /87 —2Z~x27 hVEE (PSD) @
Bz, BERBIC L 5 RRIB L U'SBP DZELAS
#2E 5 1007 (Pre), ZMLRGER (Stim), 21t
LS5 150% (Post) DA208MERKL, ik
AW ERIE (VLF, ~0.08Hz), {KEEEAE (LF,
0.08~0.3Hz), ®EHE IR (HF, 0.3~ 4.0Hz)
D 3T TIT o 72, PSD DAL, B 7 —1 T
i (FFT) & D KEREEGTB OB ICEN, &
R OY 7)) 7T AT -7 Ly ME
B (WT) 20, 28, < PF—or—71Lv
M Morlet 51 HSFRE L 727NV EHEH L 7.

6. Mt

T 3P ELFERZETEL, one-way
ANOVA F 7zid repeated measure ANOVA TIRZE
f%, Fisher's PLSD test CP<0.05 * HEAA Y & ¥
E L7,

X B KB R

1. RRIBLUV'SBPDOPSD 12344 5 CAPDESE



7 v MIERE T VICBIY BRI/ T A — 5 —EBO/NT — A7 NV 119

CAP Z EJIRN~NEAT 5 & 3FHI# TH 10msec
DRI DF e 72 RRI DA D3RG 1 BRER &
N7- (1, A). —7F, SBPIZRRI & 13T L ik
T 20mmHg O B2 — B\ DT 250 H 4L
72 (E1,B). ZDXHIZCAPIZX BRRI& SBPD
AL FE IR E 548, mEOZIERIZE
%o Tz, E5IZRRIE SBP D Pre, Stim$B &
U Post DZ 20D/ — A7 MV (PS) & 1t
B L CHBE, RRITIHVLF & LEFFICB VT
Post D37 —BEAFIZHEIM L7258, SBP T
T HIC BT Stim D287 —EAHE L < #hn
L7z (K1, C, D). &AEKFHIZSITSPSD
BEFTEDTAHADLE, RRIE I —F W8T — L LF
HIHIC BT Post BEA Pre B L U StimBE L ) B
287 —(BEO¥ERDPEIEE SN, VLFiH Tid Post
BN PrefEL VB R/ —(HOWMANTD b
72, L2 L7%d5, SBPIZBWTIEStimFEASPre
BLUPostBEE L WEEI/NT —{HOB RIS P — %
VN — HF %, LFHIGEL0 54, VLF
TIIStim#E L Pre BEORIZ & ) BE LR ENEIE
niz (M2).

RRI
= §

148
146
144
2 142
E 140
5 138
& 138
134
132
130

0 50 100 150

Time(sec)
25
2 ——— Py

sz Stim

s siniss Post

Power (msec’/Hz)
P

2
Frea{Hz)

2. RRIB&LUSBPOPSD IZXT B E L F 2 JH
HOEE
BB~ F v SR ARz A L ERIC
RRI DA & SBP D—FEK T 2555 &4, CAP
OB SN2 DS, FOREIIMIT
Holz (M3, A, B). ¥/, Pre, Post BL
Stim ZEEDPSI, K3DC, DIZ/RT & 9 IZCAP
B 5FE & B L C HF $EISC ST — [E OB K ASH
RO LNz, KRBT EE O PSDIEICA E
DFEFHD NG ho7: (K4).

3. CAPFEERRIB LU SBPOEENIXGT 5 EIV
ExDEE

WHEEIL & (Bmg/kg, s.c.) #5304 12 CAP
EERANEAT S E, CAPICLARRIBLT
SBP O#ERRYZLEY 255 < #l & 7z (K5, A, B).
M5DCBLUDIIRT LI ICPSIZBNRTH /ST
—EEBP LT WL BB D LN, 512,
E BB EIC BT S Pre, Stim B & U Post BE [
DPSDIEZ TNk A I GREL BT S5 &, RRI
Tl b= & VX7 —f & VLF 518D Post B, SBP
Tid b — % W37 —fED Stim B & Post B, HF &

130 i
125
. 120
£
115
£
£ 1o
a
% 105
@ 100
95
%0 .
0 50 100 150
—~
N
T
~~
~
b
T
£
£
E
A
o
2
o
a

Fig.1. Typical tracings of RRI, SBP (upper: A, B) and each PSD (lower: C, D, average of 6 samples) obtained
by intra-arterial capsaicin in untreated rats. Arrows indicate injection timings of capsaicin.
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Fig.2. Comparison of PSD values of each frequency band of RRI (upper) and SBP (lower) in capsaicin-injected

group (n=6) .*P<0.05, **P<0.01 (Fisher's PLSD test) .
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Fig. 3. Typical tracings of RRI, SBP (upper: A, B,) and each PSD (lower: C, D, average of 6 samples) obtained
by pinching stimuli in untreated rats. Arrows indicate stimulating timings of pinching.
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Comparison of PSD values of each frequency band of RRI (upper) and SBP (lower) in pinching-
stimulated group (n=6) . .
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Fig. 5. Typical tracings of RR intervals, SBP (upper; A, B) and each PSD (lower: C, D, average of 6 samples)
obtained by intra-arterial capsaicin in morphine (5mg/kg, s.c.) -treated rats. Arrows indicate injection
timings of capsaicin.
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Fig.6. Effects of morphine (5mg/kg, s.c.) for PSD values of each frequency band of RRI, SBP in capsaicin-
injected group. (n=6) .*P<0.05, **P<0.01 (Fisher's PLSD test) .
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