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SIGNIFICANCE OF ADRENOMEDULLIN IN SEPSIS
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Abstract : The author measured the plasma levels of adrenomedullin (AM), a novel
vasodilating peptide, in 12 patients with severe sepsis and 27 patients with septic shock, with
13 healthy volunteers as controls. Plasma levels of AM in sepsis (severe sepsis 48.3+12.1
fmol/mL ; septic shock, 203.5+32.8) were significantly elevated as compared with those in
controls (5.140.2). The patients with septic shock showed higher levels of plasma AM
than those with severe sepsis. Subsequently, we measured the plasma levels of some
mediators such as tumor necrosis factor (TNF)-e, interleukin (IL)-6, IL-8, plasminogen
activator inhibitor (PAI)-1 and thrombomodulin (TM) in patients with severe sepsis and
septic shock to compare with severity of illness. Plasma levels of AM and TNF-« in septic
shock correlated with hemodynamic variables characterized hyperdynamic state. Plasma
AM, TNF-« and IL-8 levels correlated positively with Acute Physiology and Chronic
Health Evaluation (APACHE)-II score, multiple organ failure score. Plasma AM, IL-8
and PAI-1 levels correlated with prognosis. These observations suggest that plasma AM
level might serve as a useful marker of severity in septic shock. Furthermore, we examined
mononuclear cells derived from four septic patients for the expression of AM messenger
RNA (mRNA) by using the reverse transcription-polymerase chain reaction method. AM
mRNA was expressed in the mononuclear cells from septic patients, but not in those from
healthy subjects, suggesting that mononuclear cells costitute one of the sources to elevate
plasma AM level in sepsis. These data showed that AM may play an important role in the
pathophysiology of sepsis. (FE&E. J. Nara Med. Ass. 49, 400~411, 1998)
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SIRS D& o CTRfE X sepsis, severe sepsis, sep-

tic shock L EFEEIC X Y A I h B, COEFEEIL

iV, BEALHPHTERS EFT5 LB IR
T\ 5, severe sepsis(BERERIMAE) & 13, MEET %
£E£5 23, fluid resuscitation IZ X b oIl E %258 5Hh
HIRAETH 5. septic shock (BriifEtEs a » 7) &1,
fluid resuscitation IZGE3, O MERE 5 D
CAEAZNELTHRETHSD., RELEHCTH S sep-
tic shock (RIMEILRED > 2 v 7 TH Y, DHHEDOH
Kz &% 5 hyperdynamic state & L T&1H T
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&, MR AMRE & L, BIMEEDEREE OIRE
ELTCoFAt &R L. &b, BIETX v Bun
SEDEREE L MBI 5 L ME S hi-BE 4« DRF(TNF-
a, I1L-6, IL-8, thrombomodulin (TM), plasminogen
activator inhibitor-1(PAI-I)) 2o\ T & BRI L
To. Fio, M#RH AM GEEMRE»HEE IR &%
2B T3, BIMEICRWCIE, KEEMES AM
EARYET AR EE 2, BUMEME> 2 v 7 BEX
I X b BEEERERE L, AMmRNA OFE & H~7 .
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(e M E <90 mmHg) % R 7 i AEE S 39 AT
13 ADBEFERARFEHEMET A, &6 A TFYER
TRB)ERRE L. £ TOBRZITH LML RYE Y
EL, ACCP/SCCM It X » B & iz SIRS FEHED 275
723, ZDSIRS OBWEEL XU TO4HAD Y B 2
HEU E#HECTdOTHS. 1, AKE>38.0CFH1%
<36.0C. 2, DFAK>I0E/Z. 3, FRREH>20 H
/% % 7213 PaC0,<32 mmHg. 4, HmmER# >12000/
mm® ¥ 721X <4000/mm?® ¥ 7o TR BBk >10 %. X
bz, 39 ADRMfEHZE% ACCP/SCCM DL I RE
W, BIEER X VT 0 2B S Uke, 1) EERKIMAE
BE12 A(B7.425.6 50, 2)BMEM > = v 7 BE2T A
(63.4+2.8 5%).
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BAEDVEEBUNE % 72 3BIEME> = v 7 L 28 h
Thb 6 R, BEEBIlRY 7 — 74 X bR L
AM BB D4 iz ethylenediamine tetraacetic acid
(EDTA)/2 Na(% ¥ E 1 mg /mD% X O aprotinin
(Trasylol, Bayer, Leverkusen, Germany) G&EE 500
KIU/mD &% L, 4°C, 2300 xg 1T 10 4R LTl
oML, WEZTS X T—80C CHERELL. *
DO RFEEADOEMITIT~< Y vEERIML, B
ML, —80°C CHEEME L.
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RicUfERE> 2 vy 7BED 5B 23 NIy, AU veny



(402) B H

v # 7 —7 v (Baxter Healthcare, Round Lake, IL,
USA)##H AL, HR, MABP 0 &7 b3, BRI X
b KA M EEHLRE(SVRD, LI ERE(CD, Ehikez
AFEPCWP) O HIFE b IMEEFIIRFIZIT - fe.

3. APACHE-II 2 2 7 8 X QLB AREA =T
A TE, BMEOEEEYRTA27LLT,
APACHE-II % = 79% X O'H ARG R AEENTLED
RETHEEBELL A 272 AV, APACHE-I »
a7, AR, EHME, O, TRE, PaO, Bk
fipH, MEF Y va, MEH Y VA, MEZ7VTF=
v, ~=< Lt 7Yy, AIMBRE, Glasgow coma scale &
AR L LT, £ SRR, FREERTOEEEERARSE
filizhn %z, B Ih3EEEFMEC, REAX74 8T
B5. £BFED APACHE-II 2 = 7 133RBER 25 24 B
FILUROESEYHER L. SEERTAL R 2 7 35HE
(&, ®&k3E, B, B, DIC, LImER, ML, e
B ORERBEEEBINC 0 ~ 2 ez 274k, 2 LK
DH0~1ERex=27L, ZOBRTELLLEER
EOEFEETEET, ZRAX1L RTH5. KEEDS
BEREA27, KOO0l AMOREA=27THRL
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TFREBEL T, AFFIMFILRELb D, FBER
LITMBI TR oo b D L ERER L.

5. MR AM BERIE

2ml DI#EE 2ml OEEREKF I 000.08ml D 1
M HCl THRT 5. ZoOFRL 1% Sep-Pak C-18
#— b+ Y v (Waters Corporation, MA, USA)IZ#sin
L, 6ml OEBAWEKTH —+ V) v DHFEEHE, 5ml D
0.1 % (BE/BE)trifluoroacetic acid (TFA), #HiuT
10 ml @ 20 % acetonitrile/0.1 % TFA CT&H& L, +oO
% 6 ml @ 60 % (FE/AE)acetonitrile/0.1 % TFA 1=
THEH Lie. BHERYHEZER I, 0.4ml o RIA
AR % (50 mM sodium phosphate (pH 7.4), 0.5
% N-ethylmaleimide LB L e FME 74+ 7 3 v, 0.5
% Triton X-100, 80mM #E 7 + ¥V ¥ A, 25mM
EDTA-2Na, 0.05%7 21t + ¥ 7 &, 500 KIU/ml
aprotinim) W CHEBEM L. BRELIK% 4°C, 2300 xg
T AEELLT, EEEE, ZoFmFFILIFERL
7o, AR, E¥e  AMR 75 FHIEID O FRE
(0.25 f5-128 B BIFR L7c. 2hbic, #fie b AM v+
FHUMFEAM-M-2, 1: 20,000, EEFER AT/ M
Hd, 7o b ORI FIHERR AR B X 5) % 200 w1 0
%2, REFH4ACKEKE L ZL T v —9%—K
(monoiodinated & + AM, 18000 cpm/100 1) % 100 g1

L

WL, 36RE4CIBEL, Bk LTy ¥
IgG Y ¥FIMF LN 2 o8, BEREGEETELEEE
Lo, IEE YV FIERMN 2. T ok 20 R 4°C
CBIE L, 1600 xg, 30 AR L& T -7, ZFLTLEY
®EIL, WSS OBSER v » v v £ —THEL, &
FEEAM AR L BRERE»L v I
DR AMRE X TRE L1'Y.

6. EEARFOMWUE

£BEECR\C, it TNF-o BE, 1L-6 B, IL
-8 BE, TM EE, PAI-1 BEZAIE L. MffEF TNF
-a BE, IL-6 BE, IL-8 BE ORI, enzyme-linked
assay (ELISA)* » t (IM-
MUNOTECH International, Tassigny, France) % f\»
fr. FORERAIZ TNF-« : 5pg/mL, IL-6: 3pg/
mL, IL-8 : 8 pg/mL TH - 7. It TM % X 08 PAI
-1 BERSEE, FhFh enzyme immunoassay ¥ v b
(EXv vx), ELISA #F v + (Momozyme, Hoersholm,
Denmark) %V, ZTORERFITZhZh 1FU/mL,
100 pg/mL TH - 7-.

7. BEER AMmRNA REEOKR

4 NORKIENE> = v 7 BEERBE LTI ADRE
BADBRMMAEE L, Ficoll-Isopaque HE®RLE
I CHEBER A58 L7, Acid Guanidinium-Phenol-
Chloroform ¥ C total RNA ZHhHi L, 0.5 ug Ic5A%
L7z. OWT cDNA &5 E 2 = — (RPN 1256, Amer-
sham International, Backinghamshire, England) %
\~T complimentary DNA (cDNA)®&H, L. LT
& b AMmRNA o 35 ZE B 71 »> b primer & L T5-
GAAGACAGCAGTCCGGGATGC -3’ % sense, 5'-
CGTTGTCCTTGTCCTTATCTGTGA -3’ % antisen-
se, size 163bps & LC{#EM L, internal control & LT
B-actin Z{FEH L7-. PCR amplification kit (TaKaRa
Code R011, =E{EZE) %\, reverse transcription-
polymerase chain reaction(RT-PCR)#: 1z T denatur-
ation % 94°C, 14, annealing % 63°C, 2 43, extension
% 72°C, 34 % lcycle & LC, 30 cycle CHEfg L, AM-
mRNA OREB & HZic. KiZHE L7 PCR products 6 x1
#15%7 Fe—25 1 ECESRKE L, AMmRNA %
BoOBEYHE L.

8. #EFuE

AFFECHE LI AR T OMED 2 BB T, %
DOREX t BER -, HHBIBILRICIE Pearson DHE %
i, BEEREDR =70 2 HERE TR, Z08K
%€ 1% Mann-Whitney @ U # %, #EJES & X Spear-
man DJEMHEERE X Az, ¥, p<0.05 2 EEE

immunosorbent
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1. BEER

EREMUMAERF & BUMEME > 2 v 7 © 2 BERICER R X
ORI ERBZ I h - 1o, FETCREY, EFERIMER
0 % (AAF 12 6, 51 0 51D, BrIfifiEdEs 2 » 7 B 66.7 %
(R 9B, ZET 18 BID T, BMfEME> 2 v 2 BEDHHYE
BIZE - 7=(Table 1).

2. MmfTEHRE

KRMTERRDFHMEL AT iornd. EERMERI
HR : 107.2£6.7 beat/min, MABP : 70.9+4.4 mmHg
ThHote. BIMFEME> = v 7812 HR © 115.7+4.5 beat
/min, MABP : 71.5+2.9 mmHg, SVRI: 1012.0+
85.4 dynesssececm™*»m*(IEH&ifH : 1970~2390), CI :
5.3£0.4L/min/m?*(E# &k : 2.5~4.0), PCWP :
14.3%0.9 mmHg(EHHH | 6 ~18)T, RN,
MK TER 3D, HR 53X O MABP koW T 2
HHCERZIRDed o, BMESE 2 v 7 BT
FH, MEETEM: T, RELETERREET, &0
HHEDTEERBHRELZRD .

2. APACHE-Il 2 =27, ZBBRIEA 27 BIOF
B8

EREMMAERE & BRIMfEM: > = v 2 B o APACHE-II
Aa 7, ThEh12.3£1.8, 25.9+1.6 TH b, %K
EALEA 2T, 3.920.4, 7.410.6 THoT-. WA=
7 Eb, EERMEMCEL CHmESE> a2 v 25T
FELCEAL T

3. It AM BE

BEBRAO MR AMBER, 4.1556.6 fmol/
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mL OFFAT, F#H5.1+0.2 fmol/mL & ¥ T—5E
THote. —7, BWMFEEESMEOMEH AM EBEZ,
10.0 A& 786.4 fmol /mL D # B I 545 L, FHE T
155.7£25.6 fmol/mL TH v, BERACLLTEEK
AL T2 <0.01). =0 AR ITEREKIMFER:
48.3+12.1 fmol/mL(10.0~125.7 fmol/mL), BIftfiEH:
v a vy 7 F203.5+32.8 fmol/mL(13.6~786.4 fmol/
mL) T, &R LS TFHEIEERACLL BB LR
LTz, 2HMEEDIBECEDELIIZDSHHDOD,
BfEM: > = v 7 B EERINERN L L c s
AMEENEEZ LA L, 150 fmol/mL L ko Mg
AM BE #RTEGAKIESE > 2 v 7B TOLED
bhic(Table 2, Fig. 1).

4. BBERE L i AM BE OB

T AM Icki 3 5 BEEE O BB Y 5 5 1o b I 3
7 v 7 F=vELFEF AM BEY B L. M7 v
7 F = v{EIX, EFERIMAER © 1.134+0.27 mg/dL, B
fEME a v 70 2.3840.36 mg/dL THh - 7. EEK
MFEFECLE, miEF AMEE 27 v 7= VECEE
RIEDHBER RS 123 (r=0.834, $<0.001), Bk
Yay /7BETROEF AMBE LmE7 v 7= VE
CHBERD e - 7o (r=0.059, p=0.757)

5. FERERTFIFEE

I TNF-o BE 1, EERIMAER 24.0+4.7 pg/
mL, BrififErE> 2 v 7 BE142.9424.1pg/mL TH -
fo. MAEFIL-6BEE, £h £ h676.91339.7 pg/
mL, 23917.1+7039.0 pg/mL T# - fo. Mi#Erk 1L-8 &
B, ZhZh 171.5+133.8 pg/mL, 2097.14603.3 pg
/mL THote. IMmffh TM EBER, FhFh4.5+10.4
FU/mL, 8.4+1.0 FU/mL Tk fc. I PAI-1 &

Table 1. Characteristics of patients with sepsis

severe sepsis septic shock p value
numbers of patients 12 27 —
age(yr) 57.4%5.6 63.4+2.8 0.293
gender (male/female) 8/4 22/5 0.311
prognosis . 12/0 9/18 <0.001
(survivor/nonsurvivor)
APACHE-II score 12.3+1.8 25.9+1.6 <0.001
MOF score 3.94+0.4 7.4+0.6 <0.001
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Fig. 1. Plasma level of adrenomedullin in patients
with sever sepsis and septic shock, and in
controls. Open circles and bars indicate the
mean + SEM.

2 M

ElY, FNF1296.4+54.6ng/mL, 1587.0+386.6ng
/mL G -7 (Table 2). EFERIME, KMEE> = v
7 BT A EERERT OFHIMBRE 33X CIEE L
RXbhEFLTW Fh, ARARTHEELTXTO
WHERTFA, BEERMERCEL ClmEE> = v 75
THERBRIEAL T

6. IR AM & £ ERERTMERE

FZEWRERT 2, MR AM BECEEYRITL T
BAREM A RET T 5 70, MiER AM BE & £ERER
FIMSEEE OB A BE Lic. ERERMER ©IF, M
= AM %, I#Es IL-8(r=0.600, p=0.039) ¥ X O'M#E
1 TM(r=0.611, p=0.035) & IEDAEBI%RL, Imifrh
TNF-a(r=0.294, »=0.354), I[m#E IL-6(r=0.546,
$=0.066) % X OM#EF PAI-1(r=0.165, »=0.609) &
FHBER RS ok, —F, BIMERY 2 v 7 BT,
Mi#Ed AM xfi#d TNF-« BB RIEOHBEZRL
7o (r=0.509, p=0.007), I IL-6(r=0.218, p=
0.274), M#EFIL-8(r=0.240, p=0.228), M#EsH TM
(r=0.076, p=0.706), Im#Er PAI-1(r=0.335 p=
0.087) L IXAHB R D fe b o T,

7. MfTEIRBE AM F X R EWHERTFIMHEE L O
o

MfTEIRE L AM ¥ X OZERERTIMPRE & &+
B L, MHBAGRE % Table 3 10iR Lic. EERMIER T

Table 2. Plasma levels of humoral mediators in patients with sepsis

(normal range) severe sepsis septic shock p value
TNF-a(pg/mb (<5) 24.0+4.7 142.9+24.1 0.002
IL-6(pg/mb (<10 676.9+339.7 23917.14+7039.0 0.035
IL-8(pg/mb (<10) 171.5+133.8 2097.1+603.3 0.042
TMEU/mD (<£4.5) 4.5%0.4 8.4+1.0 0.012
PAI-1(ng/ml) (<50) 296.4154.6 1587.0+386.6 0.034
AM(fmol/ml) (4.3~5.9) 48.3+12.1 203.5+32.8 0.004
Table 3. Correlation coefficient between plasma levels of humoral mediators and

hemodynamic variables in patients with sepsis

severe sepsis

septic shock

HR MABP HR MABP SVRI CI PCWP
TNF-a —0.230 —0.046 0.110 —0.531**  —0.475* 0.232 0.046
IL-6 0.458 —0.421 —0.144 —0.556**  —0.286 —0.120 —0.179
IL-8 0.653* —0.448 0.347 —0.127 —0.202 0.073 0.007
™ —0.348 0.124 —0.402* —0.342 —0.268 —0.008 —0.146
PAI-1 —0.046 0.378 0.274 —0.243 —0.320 0.170 —0.140
AM - 0.227 0.171 0.430* —0.538**  —0.599** 0.603** 0.029

*p value<0.05 **p value<0.01
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13, M#EF IL-8 BE & HR 1o, IEDHBI D -, Ml
fEMES a v 7 FECIE, MHEH AM EE % HR(Fig. 2a)
¥ X O'CI(Fig. 2d) & 13 IE», MABP(Fig. 2b)& X O
SVRI(Fig. 2¢) & i3 A DB RD 7. Mm#EH TNF-o
BEZMABP, SVRI & 38 0B %R 7. M IL
-6 BE1L, MABP L 3B OMHEIRR D, MMfEF TM
BEXHR L A0HBEYRD L. MBHIL-8K IO
PAI-1 REZMTEIEERT 5 2 —% — L 13 %
BDID ot —F, PCWP L HBI#RS kR T
7175‘0 7.

8. APACHE-Il =27, Z&RReEA=27: AM &
I OB BRI R T MARERE & otk

£BED APACHE-II 2 27, SEBRTRLER=27 &
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AM B X O£ BERERFIFRE L OBIREHE L.
Table 4 121k, £X 27 LERFRE L OMBEIBERI>
&, Spearman DJEMHBIKREC THE LIz p ERTT.
BEFEMMERE T, APACHE-II 2 2 7 & X O g5
A7 BT URERTF a2 5 22y, BULfE
ey 7 BT APACHE-II 2 = 7 ik fi# s AM
(Fig. 32), TNF-a, IL-6, IL-8, TM EE &, &
R& A= 7R AM(Fig. 3b), TNF-«, IL-8, PAI
-1 RE L EEREOHBE YR D .

9. AF-FRUHHCIT S AM 8 X OLERERT
MR s

EIERMER TR HI R D et o fedd, Bl
v a v 7B OWT, AM B L K ERE R T miEE

c) —
E 2
g g
2 2
=
70 T T T T T T T | — 30 T T T T T T T | —
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Fig. 2. Correlation between the plasma level of adrenomedullin and heart rate (HR, 2a),
mean arterial blood pressure (MABP, 2b), systemic vascular resistance index (SVRI,
2¢) and cardiac index (CI, 2d) in patients with septic shock.
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BB 547« AUHMOLKIZI v Ebhicp EYR
R, MmMEEFHAM : p=0.045, Mg TNF-a . p=
0.341, M#EHIL-6:p =0.090, Mi{HIL-8:p =
0.003, M#EsR TM : p=0.280, ik PAI-1: p=0.018
T, BEERRDI-0RMmEES AM, 1L-8, PAI-1 BE
T, FRFNEICHEHEIEFHI YV LEERZTRL,

AR AM BBEE 1T, FETHE 226.8+28.7 fmol/mL, 447
#£157.0£81.0 fmol/mL THh - = (Fig. 4). Mg IL-
8 EE T, T Fh 2898.0-819.4 pg/mL, 495.6+463.1
pg/mLTH o fe. MEEFPAI-IRBE R, ThTh

45 -
40 o
35 -

304 °© OOO o
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20 @
51 %
10 {0
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2099.0+541.1 ng/mL, 563.1£126.5ng/mL TH - 7.

10. BUMfEM > 2 v 7 BEOKRBMEEZIRTDO AM-
mRNA DO#H
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Fig. 3. Correlation between the plasma level of adrenomedullin and APACHE-II score (3a)

and MOF score (3b).

Table 4. p value between disease severity scores
and plasma levels of humoral mediators in
patients with sepsis

severe sepsis septic shock

APACHE-II MOF APACHE-II MOF
TNF-a 0.1658 0.8392 0.0032 0.0019
IL-6 0.3750 0.4545 0.0098 0.0793
IL-8 0.7942 0.1020 0.0071 0.0124
™ 0.6637 0.1362 0.0294 0.1548
PAI-1 0.0810 0.2782 0.0679 0.0060
AM 0.3271 0.7410 0.0012 0.0005

1000 4
] o
E
3
& o
— | O %
5 100 9
5 3 ©
2 o}
g o)
g
2 ° o
o
10

survivors non-survivors

Fig. 4. Plasma levels of adrenomedullin in survivors
and non-survivors in patients with septic
shock. Open circles and bars indicate the
mean + SEM.



Adrenomedullin in sepsis

o o O o
foby & & ob)
w2 72] 72] 5]
D ¢} o ¢
NN W S} p—

(407)

& 3 -actin

«= adrenomedullin

[0NU0d

Fig. 5. AM mRNA was expressed in total RNA extracted from mononuclear cells of septic
patients (case 1-4), but not in that from controls.
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A CASE OF SCHIZOPHRENIA WITH PITUITARY GIGANTISM !
CONCOMITANT BROMOCRIPTINE THERAPY
WITH NEUROLEPTICS
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Abstract : Bromocriptine is an ergot alkaloid derivative that possesses both dopamine
agonist and antagonist activity. This biphasic action has allowed bromocriptine to be used
for many psychiatric disorders. We describe a rare case of schizophrenia with pituitary
gigantism, whose psychiatric symptoms were improved by concomitant bromocriptine
therapy with neuroleptics. The patient (a 30-year-old single female) had been suffering
from schizophrenia during the past 12 years. In remission, she was employed in accounting.
At age 25, brain CT scanning revealed a pituitary tumor, but operation was not indicated.
At age 30, she discontinued neuroleptics by herself. As a result, she had a relapse and
entered a psychiatric hospital for the first time. Her psychiatric symptoms were auditory
hallucination, delusion of persecution, reference and control, and depersonalization.
Neurological symptoms were not present. Serum growth hormone ranged from 4 to 13.6
ng/ml (normal 0.6-3.7 ng/ml). Brain MRI scanning also revealed a pituitary tumor, of a
size less than 1 centimeter and localized in sella turcica. Bromperidol improved her
symptoms for the most part, but depersonalization continued obstinately. After a while, she
was started on bromocriptine 2.5 mg daily together and increased gradually. At 7.5mg
daily her depersonalization began to be reduced and then at 15 mg daily it disappeared.
Through the course of treatment, there were no side effects of bromocriptine therapy.
Generally at low doses bromocriptine acts on the presynaptic autoreceptor as antagonist



