NIGESRE 29% 35 1 231~240 (2003) 231

BRERI/ND O— MOOIBEREEICRIFTHE —=8oHi—
JEPY ARHE

(CE-T==]:0)

EENZ7I-FSTEAHBICY a vy 7 REHLPOBETEIRICESIEFAGI L &
W, LAL, NZ73- FOBERBEAOZEICHTIHRER DL, FHilin vive ITHL
TOEEEEESFML A5DIE RV, 22T, XKARTEROBOARERGICL22E%
SIS VW EIN TV BEEINEREIESTER®D (left ventricular end-systolic pressure-
volume relationship ; ESPVR) %AW\ T, /N5 0— MhEBAMERICH T 3 08 —45C
DIEMEDZE L IC DO THREL .

[Fix]

/NEN@D ESPVR (SR & 12 B 1= DTERD Ees X° Emax B EDIEEE ZDEXFEAT S
CEDPTELEVDT, ESPVR 2 hZEENDAZERTE (mid-range left ventricular volume ;
mLVV) £ TR U 7= PVALw ZEENEEEE L THVW

18BENT 1 AE—%Ty b2 6LED3IFHICHITI bO—IVE, /XZ 33— b 100 mg/
kg %52 (P100#), /S5 3— b 200 mg/keg %58 (P20028) &L/ RBTIKEF v
T —hTF—FTNEALEV A RAAT—TIVEEDEIZEAL, BIEL 2 ESPVR
K PVALw ZEH U DIRHEDOIEZEE L. AHRICEEIRRRAEE (Ved) 2718
1, NBEREEZ—RBHETHRUAEDERIS X2 X (Ea) 2RARTOEEEL,
INZ 33— bgERT, #5110, 15, 20, 25, 309 D-LiAHE, PVAuLyy, Ved, Ea D%
EEBELE O PO—IEICIES % T NIERERSL -

[#ER]

P100 &, P200E & H(C/NF5 02— MRE109ED S PVALLw IZEEBICER U TUV
P200 2 T3 Ved DET, EaD LR, DAHEDRD S & 51 hypovolemia (ZFREIL 7278
IRE)ETH > /-. PI00EETIE, Ea, Ved, DHHEEBREELERIIAOhEP -1

[#EE&)
NZA— MgEH SR OIUEES LR U TH Y, TEIREIREL hypovolemia (ZFELIL
TUW= (FH154E10 8 21 H 52 78)

Effects of Paraquat on Cardiac Function
Ikuo HORIUCHI
Background and Objective : Although in acute phase of the paraquat poisoning, many patients

die because of irreversible circulatory shock, the effects of paraquat on hemodynamics have not

been clarified well, and specifically, only a few studies have investigated cardiac contractility in
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vivo. We measured left ventricular volume and pressure serially after the paraquat administration in
rats using a conductance catheter and a micromanometer. Using these parameters cardiovascular
indices were obtained for cardiac contractility, preload, afterload and cardiac output. Since the end-
systolic pressure-volume relationship (ESPVR) in small animals is not linear, a traditional index
such as end-systolic elastance (Ees) or Emax is inappropriate. Therefore, PVA vy, the integrated
ESPVR from V to the mid-range of left ventricular volume during afterload change, was used as an
index of cardiac contractility in this study,

Method : Eighteen rats were divided into three groups (six in each group). The animals in the
P100 group were administrated 100 mg/kg of paraquat, while those in the P200 group received 200
mg/kg. No paraquat were administrated to the animals in the control group. A conductance
catheter and a micromanometer were inserted into the left ventricle after thoracotomy. PVAnivy
was calculated from the end-systolic pressure-volume relationship as an index of cardiac
contractility. Similarly, end-diastolic volume (Ved) was used as an index of preload. Effective
arterial elastance (Ea), which is end-systolic pressure divided by stroke volume, was used as an
index of afterload. PVAq vy, cardiac output, Ved and Ea were measured before paraquat
administration and 10, 15, 20, 25, 30 minutes after administration terminated. In the control group,
only 5% glucose solution was given.

Results | PVA vy rose in both the P 100 and P200 groups. Ved and cardiac output decreased,
and Ea increased in the P200 group. These hemodynamic changes resembled those in hypovolemia.
Ea tended to increase in the P100 group, but it was not statistically significant. Ved and cardiac
output in the P100 group did not vary significantly. Heart rate decreased in both the P100 and P200
group.

Conclusion . Cardiac contractility is elevated in the early phase of paraquat poisoning. Changes
in Ved, cardiac output, and Ea are similar to hypovolemia. (Accepted on October 21, 2003) Kawasaki
Igakkaishi 29(3) . 231240, 2003
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Fig. 1. Since the end-systolic pressure-volume relationship
(ESPVR) in small animals is not linear, a traditional
index such as Ees or Emax is inappropriate. Therefore,
PVA.Lvy, the integrated ESPVR from V|, to mid-range
left ventricular volume (mLVV) during afterload change,
was used as an index of cardiac contractility in this
study.
Ved : end-diastolic volume
Ea : effective arterial elastance
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Fig. 2. Changes in cardiac output. In the P200 group,
cardiac output was significantly decreased after the
administration of the paraquat, compared with the
control group.

T 1 p<0.05 vs before administration.
* 1 p<<0.05 vs control

before  10min  15min  20min 30min



BN L BRER ST o — T OLEREREC

550
© 500
)
o
% 450 \\T\i SRS~ S e 4 control
8 R i 1B Fﬁ m—y -=-p100 *
B 1I fL T 111 a-p200 *
5
b3
I

350

300
before  10min  15min  20min  25min  30min

Fig. 3. Changes in heart rate. In both the P100 and P200
groups, heart rate was significantly decreased after the
administration of the paraquat, compared with the
control group.

T : p<0.05 vs before administration.
* 1 p<0.05 vs control
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Fig. 4. Changes in end-diastolic volume as an index of
preload. In the P200 group, preload was significantly
decreased after the administration of the paraquat,
compared with the control group.

T+ p<0.05 vs before administration.
* 1 p<0.05 vs control
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Fig. 5. Changes in effective arterial elastance (Ea) as an

index of afterload. In the P200 group afterload was
significantly increased after the administration of the
paraquat, compared with the control group.

T 1 p<0.05 vs before administration.

* 1 p<0.05 vs control
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Fig. 6. Changes in PVA, yv as an index of cardiac
contractility. In both the P100 and P200 groups
contractility was increased significantly after the
administration of the paraquat, compared with the
control group.
T 1 p<0.05 vs before administration.
* 1 p<0.05 vs control
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7. Typical changes in LV P-V loops in the P100 (a) and P200(b) groups.
The gray loops were recorded before administration. The black loops were
recorded at 30 minutes after paraquat administration. The curvilinear ESPVR
shifted left upward with increase of contractility in both groups.
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Fig. 8. The base excess (BE) at 30 minutes after paraquat
administration. BE decreased significantly in the P200
group compared with the control group.

* 1 p<0.05 vs control

TOBENEHRL T Wl H 5. L
L, AW CIIHER AN R 21T Tl wn
DT, GHRICEANZRBE 22 TOIUEE &
ST 20N DH 5.

2) b Lol s s s, RN 2L
DBEEIZRAEL T2 LT, Invivo IZBIF
OB DERIZE Y, ZOZEBRE S
TV REMEA D 5. S IIBIE & W7 TEERE)HE
I3 hypovolemia (2 F{ . L T w7z,
TIIRi &M, AR EORD ERMET 572012
RIEMER DRI NS 2 L IZAMOFETH
D, 287 a— T AR TR ERIUS & BT
LUFEED B, S SR, EPER T AN

hypovolemia



A BREFNT T — b OLIEARREIC RIZ TR 237

IETE OBESRICE S LR 2SS 5. Sl
HTA—=NT I VOMPREEEIE LTV ZWn
A, EREIMII T a— N EERE TS LB A
FA—NVT I VHPLERTHH L HER
HZ5ND. BEFED in vitro DHFEIE, in vivo D
FEBR IO EI Y B EREPRECHK LD
CEIERTRETHA.

AR DSBIR T ST EAEE B S h
TOHED ERLTRWETTHBHA, L
385 a— MESBTRMEE R L. 8T a—
M Y IRIRASRET 5 L v ) 202013
BRENE., FORERRIZOWTIZHR OB Z H
25, Noguchi 52X 5 v M85 a— %
BH5T5EERERELZOBRP-Q BEALER
LTW bl RTw5, RN 0ERZ A
e, P-QREBOIER L & HITP-P M E
ELTWAZ e HBHOPHIREZ 5 T
AboLBbih, KLHTIZHIZ A-V block &
FRREINTBY ZNNEEEETOY 7 2RL
720N, P-QHEBOERZ I LIATEREE
70y 7 DETHLENENPTIERVD, E&E
HTOy 7 HRINILLEEDNS. EALW
DWETIEIHTI—NVT I VO LERANALNT
B2 ERIZHELTBY, SHOBEICEY
TRBAFERDBEIGEZ 5 TV THLENEM
2B S DOFIC X D IRIRE 2 L ietEix
EZbND.

P100 # Tl Ved, DMAMEIMHEFRF STV S
A Ea I3MEHFHWICERET RV OO AT
LA A S5 TWw A, P100 B 1E hypovolemia
MHRAR O LR L DIHRE OB EIC X ) AE S
N7ZIREETH Y, P200 B CIXRIEMPE 28 2
7ZIRETHD LHEEIND.

Tl % VLR 25 M0 13 00 4 8 1 & TTlE X 2
LD ERHSENTBY, NF5a—MIB
WTH MEEBREIIITHET 2 L OMED DD 5.
IS H 5 MEERMETIHEIC L ) A REERIMAE
25984 L hypovolemia % 3% L 7= W BEME I3 # 2
Y (N

ChEToOMRETIE, BPERD W THE
PRHFZED-39 T 85 a— M & ) OIUE

BEFT5L0300% 0. LrLIns D
BAL OGBS OEIE L L TLVSWI 2 ffunTwn
LD SZBRNITHILLEEZ LN,
Figure 8 ® P200 # D35 02— MESRIROE
~FHMloop A B L, TERENZIE—0OHOE
— 7% loop TH E - mRE (BIH LVSWI) i
K&, BEBIINELRoTWS, LAL,
BHHI#% O ESPVR X35 BIC L D 2L 7 -
TH Y, LVSWI 7215 TAHIT LIRS IZET
Lz BB SND 2 L2k 5. BREITOH
HIZBREEEEUETORFETHLDOT, Z
D T OGP I T 1282 U T 2 T REE
BEZO5NDH, UEDXIIICLVSWIIZL S
FEM LB L X F R T A BRMEPLETH L L
Ebhhs,

NG 2= MRFICBITAT Y F—3 A3 Vale
SUIERA S L KBREICLZ L LTS,
RIS BV TIIZ RSN EELETH I 0D
B RBROBENRT Y F—Y AICEE5T 50
REVEIX R E T E 2wy, SREIBIZ & 7N
7Y K= R385 a— MES#305 & B
TRELTWD I P OMEEAEIT L ) ML
BIEERREE o272l DEERD.
T 72, MERBEBOECIIBEZ G L k5%
107D E X ) HERPIZRBLTBY 7Y F—
VADHBEZIITEALZDOTERNESE
ACY (A

S DFEEF, RBICIEEO2mE L 72K
FE 7 DA & IR IMAE = ORI R
HEET, 2 b a— VBBV THETHA
MWL T AMEEAA SNz, LrL, ZOXE
LI DGR B E RT3 &Tid R AR
e Ez oNz. T2, B, BEFRTT
DFHINTH B DT, INHIEREEOEILIHE
BERIZLTOAWREEDBEIZTE 2,

E MBI BT a— FHRETIE, SHEOHF
REFREZY, OHAME ORI & KA A KT
DT AT 5193039 KR M FEILOK
ToBREE LT, L5385 a— RIS
EFNTVLHERE (54 v F VFEK) O
BEARBLTWS, T, /50— MFEICE



238

F N5 FUEEER b KAEME R LK T S5
TR SN TWA, ZoXkHlz, e b
BT 28T a— FMEOEREIREOZLIZIE
RN EITNARMADOEENIMHTE R

%

Nl B A

an

ik (%29% %35 2003)

787 a— MREIZBT A0 Z & 72
REBIISRIORIMAPLETH L EBD
nas.

Bbhs.

Ty MIBITA/85 a— S HOOIEERE
D%t % ESPVR & JHWTHGET L 7.

X7 a— MESHBSMEIIE O EA
LTHBY, EREEBIIEEREES 3 v 27 (DA
WEREA, siAfRd, BEM EA) CEML

&t Fd

ez pI10477), THRELIKRBMEBYE L
NG ER KRB RS NEE RGP, SARE—IBBI#
B b A FR#ER, mE T a— MIZIIBWT
S22 & T U2 R AR A I8 e P de i A
AR S TR R, RS T R R MR AT R
LhOMBEERELIT. B, RfRO—HIEARET O
YVxz MERE (14-311) ORI X v iTbhiz.
RIFFEOEEILHE0M HAMBEERKRSE (20024

%

Twrz. 108, LY BV TRELZ.
X 23
1) Pase A : The toxicology of paraquat, diquat and morfamquat. Bern, Hans Huber Pub. 1978
2) Vale JA, Meredith TJ, Buckley BM : Paraquat poisoning : clinical features and immediate general management.
Human Toxicol. 6 : 41—47, 1987
3) Bismuth C, Garnier R, Baud FJ, ] Muszynski, C Keyes : Paraquat Poisoning an Overview of the Current Status. Drug
safety 5. 243—251, 1990
4) SARE—RR, INEER 187 a— FHRFORIK. EFOHWH 1421 152- 154, 1987
5) Suzuki K, Takasu N, Arita S, Maenosono A, Ishimatsu S, Nishina M, Tanaka S, Kohama A : A new method for
predicting the outcome and survival period in paraquat poisoning. Hum Toxicol 8 : 33— 38, 1989
6) Yoshioka T, Sugimoto T, Kinoshita N, Shimazu T, Hiraide A, Kuwagata Y : Effects of concentration reduction and
partial replacement of paraquat by diquat on human toxicity : a clinical survey. Hum Exp Toxicol 11 : 241 — 245,
1992
7) W 8T a— 1, Yy Uy b [HEER] 2. H, FLE 2001, pp 293305
8) Bus JS, Aust SD, Gibson JE : Superoxide—and singlet oxygen-catalyzed lipid peroxidation as a possible mechanism for
paraquat (methyl viologen) toxicity. Biochem Biophys Res Commun 58 : 749 — 755, 1974
9) Bus JS, Cagen SZ, Olgaard M, Gibson JE : A mechanism of paraquat toxicity in mice and rats. Toxicol Appl
Pharmacol 35 : 501—513, 1976
10) Proudfoot AT, Stewart MS, Levitt T, Widdop B : Paraquat poisoning : significance of plasma-paraquat concentrations.
Lancet 18 : 330 —332, 1979
11) Suzuki K, Takasu N, Arita S, Ueda A, Okabe T, Ishimatsu S, Tanaka S, Kohama A : Evaluation of severity indexes of
patients with paraquat poisoning. Hum Exp Toxicol 10 : 21—23, 1991
12) 1R =, AT AR, A, RRRM, RILEk, EHtN 87 3— MRS OEREE. B
FDHWPH 143 1 867868, 1987
13) Suga H : Paul Dudley White International Lecture : cardiac performance as viewed through the pressure-volume
window. Jpn Heart] 35 : 263—80, 1994
14) Tachibana H, Takaki M, Lee S, Ito H, Yamaguchi H, Suga H : New mechanoenergetic evaluation of left ventricular

contractility in in situ rat hearts. Am J Physiol 272(6 Pt 2) : H2671— 2678, 1997



15)

16)

17)

18)

19)

20)

21)

27)

28)

29)

30)

31)

32)

33)

34)

35)

S BREER] ST T — b DCIEARRE IS RUF TR 239

Sato T, Shishido T, Kawada T, Miyano H, Miyashita H, Inagaki M, Sugimachi M, Sunagawa K : ESPVR of in situ rat
left ventricle shows contractility-dependent curvilinearity. Am J Physiol 274(5 Pt 2) : H1429—1434, 1998

Suga H, Yamada O, Goto Y, Igarashi Y, Yasumura Y, Nozawa T, Futaki S : Left ventricular O2 consumption and
pressure-volume area in puppies. Am J Physiol 253(4 Pt 2) : H770— 776, 1987

Ito H, Takaki M, Yamaguchi H : Left ventricular volumetric conductance catheter for rats. Am J Physiol 270 : H1509 —
H1514, 1996

Kishi T, Nakahashi K, Ito H, Taniguchi S, Takaki M : Effects of milrinone on left ventricular end-systolic pressure—
volume relationship of rat hearts in situ. Clin Exp Pharmacol Physiol 28 : 737 —742, 2001

HARIE, SEARSE—RR, MEESET, BEMSE, BAMRE, NEEX B O HEML L mEnk
7a3 b7 4 —ICEBMF - RAEE Y U ARBEH (XFa—b, Y77y ) OREREE.
BES 131 989-994, 1989

Guyton AC, Hall JE : Circulatory shock and physiology of its treatment. 9th ed, Philadelphia, W.B. Saunders
Company. 1996, pp 285— 294

Welte M, Zwissler B, Frey L, Goresch T, Kleen M, Holzer K, Messmer K : Hypovolemic shock and cardiac
contractility : assessment by end-systolic pressure-volume relations. Res Exp Med 196 : 87 —104, 1996

ALz, wrerEE, S, PATEE, K M, BE—R, REIES, MHEX 37 a- OB
v MEROHMARICY S 2B, JBIREMEEE 67 1 146154, 2001

Sone T, Talbot A, Harada T, Tkuo T, Kato T, Uematsu H : The effects of 24% paraquat (1, 1’-dimethyl-4, 4’-
bipyridylium dichloride) on hemodynamics, blood gases, plasma lactate and plasma catecholamines in dogs. Vet Hum
Toxicol 31 :149—153, 1989

WG, P, FHET, ALK, FREAT, SRE—, WEHEER AT a— bhEiEs ) v L
WLAE — By EBRAR —. BEEF 10 1 749-756, 1986

Giri SN, Curry DL, Stabenfeldt G, Spangler WL, Chandler DB, Schiedt MJ : Effects of paraquat on plasma glucose,
cortisol, catecholamines, and insulin in the beagle. Environ Res 30 : 80— 88, 1983

Noguchi N, Misawa S, Tsuchiya S, Yamamoto H, Naito H : Cardio-respiratory effects of paraquat with and without
emetics on Wistar rats. Vet Hum Toxicol 27 : 508 —510, 1985

Noguchi N, Tanaka E, Yamamoto H : Initial Accumulation of Paraquat in the Heart Leading to Acute Death. Jpn J
Legal Med 44 : 6—11, 1990

Parks DA, Shah AK, Granger DN : Oxygen radicals : effects on intestinal vascular permeability. Am J Physiol 247
(2 Pt 1) : G167—170, 1984

Korthuis RJ, Granger DN, Townsley MI, Taylor AE : The role of oxygen-derived free radicals in ischemia-induced
increases in canine skeletal muscle vascular permeability. Circ Res 57 : 599 — 609, 1985

Hannaert P, Alvarez-Guerra M, Hider H, Chiavaroli C, Garay RP : Vascular permeabilization by intravenous
arachidonate in the rat peritoneal cavity . antagonism by ethamsylate. Eur J Pharmacol 466 . 207 — 212, 2003
Erlansson M, Bergqvist D, Marklund SL, Persson NH, Svensjo E : Superoxide dismutase as an inhibitor of
postischemic microvascular permeability increase in the hamster. Free Radic Biol Med 9 : 59— 65, 1990

Richard LF, Dahms TE, Webster RO : Adenosine prevents permeability increase in oxidant-injured endothelial
monolayers. Am J Physiol 274(1 Pt 2) : H35—42, 1998

Tanaka R, Fujisawa S, Kawamura K, Harada M : Paraquat induced enhancement of vascular permeability. The jounal
of toxicological sciences 8 : 147 — 159, 1983

Yamamoto I, Saito T, Harunari N, Sato Y, Kato H, Nakagawa Y, Inokuchi S, Sawada Y, Makuuchi H : Correlating the
severity of paraquat poisoning with specific hemodynamic and oxygen metabolism variables. Crit Care Med 28 : 1877 —
1883, 2000

FHER—, EEEE, EAEE, WT &, BRI, BEBX 87 a-thEEHOY sy 7ol
1TEHRE. FRARIFRER 8 @ 857 —860, 1984



240 e R &

(%29% %35 2003)
36) Koyama K, Koyama K, Goto K : Cardiovascular effects of a herbicide containing glufosinate and a surfactant : in vitro
and in vivo analyses in rats. Toxicol Appl Pharmacol 145 : 409 —414, 1997



