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5% - CCMP89-RD-027

| & A % & Az — Tetramethylpyrazine %
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#HE

TMP (tetramethylpyrazine ) » —f& 588 F &) ERZ Emtrz— ¥
BFRANTREGECOEER 4o KB -BMTPRE - KRB HAEFS
TMP A &4 » —# R A E. coli 2 % B 5% & lipopolysaccharide 7§ #%
LPS » ERMBFAFHBRER ~ SPA o EH NE MK EHE - TNFok NO
FER 2 2% -t Wistar-Kyoto K & B & FBERE » 23 EREFIRIEE1E
Binsh b B SBRBEM B A o T84 R b #FAkES LPS(10 mg/ke,
Lv.) B2 M RBABTBER OB R -8 E S TAESH TMP(10 mg/ke, i.v.)

f4F LPS tatatbdx o %4 » NE 4 LPS a2 5B R 9 BARE A% » ) 85 48
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LPS a2 n Bt X GHMRH NE X e BB R B BEHE S8 - 2T R TMP 4
BA% & LPS %4 NE 2 &A B R MM RIE - st £LF LIPS tada F
TNFo#2 NO 2/ R 1R BA% » BTARE TMP Mk - B8 LPS 34 S =
R BB E U E - sbeE T » TMP T 45 B 4] eNOS 7& 1 Rk 20 NO #%
FrE o MTMP A Z 4 ACh 4t BFR L P E - b & RH TMP A 5 #
eNOS FH it & HFER - SREEHE R A TMP B & 7 #7885 27 LPS
FHE ARG LA TR Bip 4] &R R F - TNFo&k NO B
FITER o

Bfl 4233 : TMP (tetramethylpyrazine ) » LPS (lipopolysaccharide ) » TNFa (tumor

necrosis factor-a) * NO (nitric oxide ) » endotoxemia °
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Beneficial Effects of Tetramethylpyrazine, an Active

Constituent of Chinese Herbs, on Rats with Endotoxemia

Mao-Hsiung Yen

National Defense Medical Center

ABSTRACT

Tetramethylpyrazine, an inhibitor of phosphodiesterase, has been widely
used for treatment of cardiovascular diseases in China. Here, we investigate the
effects of tetramethylpyrazine on hypotension, vascular hyporeactivity to
norepinephrine (NE), release of tumor necrosis factor-o and (TNF-a) and nitric
oxide (NO) in a rat model of circulatory shock induced by bacterial endotoxin
(E. coli lipopolysaccharide, LPS). Male Wistar-Kyoto rats were anesthetized and
instrumented for the measurement of mean arterial pressure (MAP) and heart
rate (HR). Injection of LPS (10 mg/kg, i.v.) resulted in fall in MAP and an
increase of HR. In contrast, animals pretreated with tetramethylpyrazine (10
ug/kg, i.p. at 30 min prior to LPS) maintained a significantly higher MAP, but
tachycardia was further enhanced at 60 min and 120 min when compared to rats
given only LPS (LPS-rats). The presser effect of NE (1 pg/kg, i.v.) was also
significantly reduced after treatment of rats with LPS. Similarly, the thoracic
aorta obtained from rats after in vivo studies showed a significant reduction in
the contractile responses elicited by NE (1 uM). Pretreatment of LPS-rats with
tetramethylpyrazine partially, but significantly, prevented this LPS-induced
hyporeactivity to NE in vivo and ex vivo. The injection of LPS resulted in a
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significant increase in the plasma TNFalevel at 60 min, whereas the effect of
LPS on the plasma nitrate (an indicator of NO formation) level increased in a
time-dependent manner. This increment of both TNFa and nitrate levels induced
by LPS was significantly reduced in LPS-rats pretreated with
tetramethylpyrazine. The early hypotension caused by LPS was slightly, but
significantly, prevented by pretreatment with tetramethylpyrazine, suggesting
that tetramethylpyrazine affects the endothelial constitutive NOS (eNOS). This
was examined by the effect of tetramethylpyrazine on acetylcholine (ACh, 1
uM)-induced relaxation in rats treated with tetramethylpyrazine for 4 h.
However, tetramethylpyrazine had no significant effects on the ACh-induced
relaxation, indicating that tetramethylpyrazine does not affect the activity of
eNOS. Thus, tetramethylpyrazine attenuates the early hypotension and the
delayed circulatory failure caused by endotoxin in the rat. These effects may be
due to inhibition of the release of circulation factors and TNFa,, and suppression
of neutrophile migration.

Key Words: tetramethylpyrazine; tumor necrosis factor-o; nitric oxide;
lipopolysaccharide; endotoxemia.
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A M TNFoft NO # 4 2 Ri48 Z Bfif% > Kosaka % 1992 #3524 R A
TNFosE424E NO £ A5 A0 ' BB R m T4F5RER 70 B3|k ¥ ik
GEEE AR S RN " i TNFashst % ta % (cytokines) < % 394
TH 4 INOS RRLETHRMENFERILZHR Do

LT SHERR 0 e oty c-AMP 2 %4 (% : adenosine?' ~
PGE**'® « PGI,** ' ® - phosphodiesterase inhibitors®® ?7) » 3 & #p 4| % & 4= B2
Eo@& B # TNFoZ 4 2 o phsphosdiesterase #p 4| %] =T 1} ) 3% 3% [5] % 3% fo 4
BLP c-AMP &4 2?7 o pentoxifylline » —#& phosphodiesterase #p %! #| % %
BRLRHA TR Y R TRASA 9% TNFo™ ¥ 2 8 -

ARHFF A3 TMP » —4& phophodiesterase #p4| %% & fedqp 4] LPS %
3% TNFORR R E MR EMBERBR o FRREL  IRERRA TMP %%
THRENFFIRZCHEAT M TN GRABHE =N cAMP #

4 : terbutaline % positive control °

A~ MRy Ik
— >~ RNEEKRR
#EHE Wistar-Kyoto X 8, (230-300 %) BB REHH T o K RLE
FERE X 4% urethane (1.2 g/kg) - fE X A EHEE A IFFRABIEUTHL
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LA, US.A.) BE#HMk ~ T35 /& (mean arterial blood pressure; M.AP.)
B @k (heart rate; HR.) » % 14 24 Goud In., Valley View, Ohio, U.S.A. >
ARG TR LYIRA - SR FHAR o S F BT 20-30 &
SGAMBEXTR - € oBBTHE » 5 3/E4 saline - TMP (10 mg/kg,
iv.) 3 terbutaline (0.3 mg/kg, i.v.) » JE;E 47 30 H48Ep4h 4% saline
2 LPS (10 mg/kg,iv.) 3f 18 8] o B B o Bk 6 /v 8% - NE(1 pg/kg, i.v.)
Z R RN ES LPS AT R IE 41 LPS #£ %/ edaiX—k » A E 6/ 8F
BHRAE - FiF8/ ¥4 0.5 ml» 4% 2% TNFa A nitrate (NO 4
ARAEHR) o B 1 R B4 M saline UL § -

= BHLETH

TMP 36 % $ K6 A N iE 45 LPS 44 6 /NoF - A5 Spapdkat » HERE

BYRRAF B R o B B TR RME - A X BAREKFR M & v 324 ACh test
HENEREZIER - £ NE (1 pM) dsERE - koA ACh
(1pM) E4FRB AR TREERTE o6 E7N 4 20 ml 2 Krebs
B Bty (mM) %&5< P NaCl118 ~ KC14.7 ~ KH,PO, 1.2 ~ MgCl,
1.2 ~ CaCl, 2.5 ~ NaHCO; 25 and glucose 11 ° & & ¥ v\ indome thaein
(5.6 UM ) 2L 4P PG 45 A o do % Wi 4547 75 14 Grass FT 03 #% 5t % ( Grass
Instrument Quincy, MA, U.S.A.) i& £ MacLab @24k R n#7 4 4 (AD

Instruments Pty Ltd., Castle Hill, Australia) 2.4% - &% A#EH KRS 2 gm



17 60-90 4~ » £A Kreb’s solution - 15 548 F %k — Kk - K EFE U NE (1
uM) 1F & IE AT 4 B

HTREZTMP XEHE eNOS 5 » TMP AR 4 /N 6F » IR 8
k¥ 1 uM ACh 2 4735 R o
= ~ TNFo#i Nitrate 8] &

A5 LPS & » 5% 060~ 120 ~ 180 & 240 4 ¥ 3% 4 0.5 ml 2L
)& TNFa i nitrate 44t - 3§ o3 7,200 gm &0 3 H-48E f 4 55 %) 14
Elisa kit ( Genzyme Co., Cambridge, MA, US.A. » ) &S b"?‘%‘i’é%%ﬁﬂ/’i
TNFo (sievers 280 NOA, Sievers INC., Boulder, CO, U.S.A.) e nitrate ;&

EoiREGHEITE -
g ~ Neutrophil Chemotaxis

wf & M 3R A 6 5% M2 B ) 2 & Boyden Chamber 3 4 *°%' - Bodyden
Chamber J& 2R v 100 pl )35 % (25 uM IMLP) » 3 A KR4 PVP B (5
pm poresize > 140 pum thickness ) (neuro probe » U.S.A.) # B iZ 8745 (1
mM) -~ 48 (0.5mM) & 0.05 % w2 AFRBAK » UEEH 2.5%10°
4 L B FE R 0% 3% 200 pl e chamber 8% 3 TMP 5~ 20 ~ 50 uM 5
w4E o IWFH 37 C 45 448 0 B EBIEH 0 B K3 2L hemacolor # &
(Merk, U.S.A.) > 31 & tm fi 4% G % Chamber K2 AAB R ) 412 B - &

B IMLP 315 2 4845 m I B BUAR L 2 6 2 BLA 7 -
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Acetylcholine chloride, bacterial lipopolysaccharide (E. coli serotype

0127:B8), terbutaline, norepinephrine bitartrate, N"-nitro-L-arginine

methylester, sod. nitrate and urethane 8% B sigma chemical company -

(Milwankee, NI, U.S.A.) » A7 R34 oA 4 32 R B K 3, A48 K Be iy
VCl; bz # INHCL » TMP &% 37 °C saline 2 748K -

%. &2
—~ TMP & & LPS #H# vk B 41t
k% LPS #7>A saline #1 TMP # & 32422 MAP £ HR if & 43t

#£5%] (Fig. 1) &#0% 7 LPS (10 mg/kg) # > @B 15 42 £ 4 BE
E¥TH N0 pgastwstEe LPS ATt BAE > N2 B AL 0B
FSSEABTE » 6 N FER % &4 2 80+ 4 mmHg » BAZAKF saline
48 - Fig. 1b %7~ LPS - 3kB8A 88 F# - TMP ek ¥ 48 (10 mg/kg, i.v.)
TMP A5 # o B 3 & o % - KM TMP £ 20 % LPS 3| 5 F 37 g% {1 o
B> B 60 548 TMP £ uim B » EMNYH HR RMeFR et & R M3 poos
%k (Fig. 1b) - A& 32 terbutaline A2 /B Skl TMP 4 {2
S BRIE Ao B K A de TMP 4897 85 -

=~ TMP 2 & /588 2 o % ¥ NE R

& X4 LPS 1% NE 2 AR R K LPS JE 4174 2 85 PR 4B M 2 MK



(Fig.2a)» 2/ HB 4 NEARBRREL R €M B % Mo g - B ofsk
BT T ORE LPS R324 6/ 052 X 818k o % $ NE R JE B8 2 1%
P48 4a (Fig. 2b) » sb4h » TMP & terbutaline ;4% 4 NE 2 # R R &
Mh EIRREMBAE L E (Fig.2) -
=~ TMP BA4& LPS 5] % £ ¥ TNFa L #

F5onm&ma A TNFos B B4 » &4 LPS BAEM |
NEFH o ¥ TNFod & (Fig. 3) - miefgF4#i4 it % R TNFaz % -
THFHAZFTEHE TNFas EH4L ENHARE TMP R
terbutaline > s TNFa4 &85 %44 (Fig.3) -
w9 ~ TMP 4% LPS 7| o ¢ nitrate # ju 38, &

Bt Ehin Ak nitrate 5 EIHEH E ] o EiE 4 LPS £ F nitrate 4 &
RE B Pl 28 B M3 o > ki 4 LPS AT#8 o 22 42 (Fig. 4) ' B F#ita
¥ nitrate 4 8L E - 25 TMP & terbutaline 78 /& I 48 fo P nitrate
TEME T (Fig.4) -

&~ TMP # ACh 5| e o B4FFR R BB &

TMP A& terbutaline T8 /& 3% 4 /N85 48 %t ACh 3] #4247 60 % R JE $1 ¥} B
a3 4 % %) (Fig.5) -

N~ E P ML G4 (neutrophil chemotaxis )

#] A &2 polyvinylpynolidone % Boyden chamber # #48]s#4%



TMP % fMLP 3|45 ¥ k2 o2 & - & X8 TMP (520 -
A 50 pM) B¥p#] IMLP 3] #8°5 P MKz 484 M B R R E 48 MM (Fig.
6)° A TMP 2R Ei& SOuM TR 24| L A8tk o
£~ #Ht

A B#Akf i meant SEM AT n REASHME R0 F 2 B
S L ANOVA 447 » 3 24 Scheffe’s test EF 44 tb#k o p < 0.05 AT &

B2 ik

AR JLEER BT TMP By ak LPS 538 T S8 B R B ~ 3 380 3k -
B & B ¥ NE s R~ 82V fo F TNFofii¥p 4] nitrate 2 4 sk ° B st TMP>
— #& phosphodiesterase inhibitor B £ &2 NF £ H50E - B FF G TR
BRE o XFFR B hota oW c-AMP 2 2 4734 T 3] TNFafg4

A4 LPS Z &4 T B Mk L5 R SRR B Sy AE L 37 - &
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TR IE4% ) BAENE LPS G2 405 238 /o o pL3% o NO 4 s BP & LPS 3] e gk o
MR EERE - B RAUFERF S ML AERE NO £4b
TH A BB b F M4 (40 @ NE - phenylephrine B458F) R EG L ET LB
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Eh TMREMN LEBFREERTRERT (1) 2P nitrate 38 F & 4 :(2)
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Mo SAE A TTAE L & H T4 TNFa &k NO $ER AT 3L » Zabel % ¥ 5 3.3% fu
L Py c-AMP ¥p#] TNFafk - % #h » 5 if Park # 1995 & Wn 7 1997 &
3 INOS R 458 F &3 mbm N c-AMP B 2 m o 458 TV » B
M 48 INOS & 3, &4 20 NO A & K5 TMP B4 3% futm i3 c-AMP
BV tapo 45T PHTRAEALXERNFETFREZTHRAEAKE -
Bulut et. al., 1993 # 38, & X 3% fu marophage %3 8, P§ c-AMP <] #p 4] INOS %
B KEB TMP T4 ¥ hotm Bl g c-AMP 41 b ifl 4 £ 483K -

st gh o TMP 5T sedp 4] PAF #2245 0 B4 3/ P48 £ 438 TMP T 2L & LPS



FHEZF YR 0 BATS 4 LPS 3] e sbifm B R E T4 8 NO EH R #
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15~ SwmmaEi
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650 -
—@— Control
600 —®m— LPS *p<0.05 vs control
—A— TMP+LPS #p<0.05 vs LPS
550 4 & Terbutaline+LPS
. 500 S
i=
£ 450 -
S~
§2)
© 400 4
O
®)
~ 350 -
T
300
250 4
200 -
150 T 1 T | | |
-60 0 60 120 180 240 300
Time (min)

TMP A terbutaline ¥ Ei& G @&# W IfENTELELNRELFIIR
Bk 2 B HR F5upk o BAATFHE £ FE3R (mean £

standard error; SE) % 7= s N{E % 8



Pressor responses to NE (%)

Fig. 2a
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Fig. 2b
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Fig. 3
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Fig.6
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