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Studies on the Prostaglandin Synthesis Stimulated by Bacterial
Lipopolysaccharide in Mouse Peritoneal Macrophages
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Department of Physiology, Ajou University School of Medicine, Suwon, Korea

Production of inflammatory mediators by the host in response to bacterial lipopolysaccharide (LPS) is
generally believed to be responsible for the pathogenesis of septic shock. One of the mediators associated with
septic shock sequelae are arachidonic acid metabolites, including prostanoids and leukotrienes. Prostaglandin
H synthase (PGHS) is a rate-limiting enzyme in prostanoid synthesis of which there were very recently reported

two different isotypes. Their activities and expressions are known to be regulated by different mechanisms.
Also, differences in response to stimulators have been shown for the different cell types. Even in the macrophage
populations, there have been reported diverse profiles of prostanoid synthesis. These discrepancies might be
due to the differences in the underlying regulation mechanisms, but presently, little information is available
regarding these. Thus, in order to get insights into these discrepancies, firstly, we compared the characteristics
of LPS-induced prostanoid production in alveolar macrophages and mouse peritoneal macrophages and secondly,
we examined whether variations of glucose concentration affect LPS-induced prostanoid synthesis and PGHS-2
activity in both cell types. Overall responses to LPS were qualitatively similar between both cell types, and
LPS-induced TXB; production was attenuated in high glucose media.

Key Words: Peritoneal macrophage, Alveolar macrophage, Bacterial lipopolysaccharide, Prostaglandin H

synthase

M =

g SATFY F3 FAEQ LPS (lipopolysaccha-
rde) sheleloby redel e Wdew Feld go
A, AN =FA 4, &£3, FAAA d3FH F (dis-
seminated intravascular coagulation) 59 Z4H2 futst
o LPS7h QoslE WAZ4e ERAENA §el

=

© AAEE o8 cytokineE 9 “H7HE'€°| 2, 734
Ak F3E, 442-749) B7IE U4 TET A
X A 5 olFuiga oot Aeista4l, Tel (0331)

219-5040, Fax (0331) 219-5049

138

9l galo} =, Weha LPS7 furell weldhs ol
Aol BE AT AA olEy MES A=A
zg BAe] AEHol AP olF WEHA Aol

arachidonic acid thHAAH|EZA] prostaglandin H synthase
AT EE lipoxygenase 73 25 3l AA = prostanoids
¢} leukotrienesE-o]t}.

Prostaglandin H synthase(PGHS)+ prostaglandin
gAY A dAE gdste 8424
arachidonic acid2 8] PGG>& AJA 3} cyclooxygenase
FA7 PGGEHE] PGH:E YAstt peroxidase A
9 71 #4 BAS bt o] 4 E, PGGE
H2E| PGH,2 9] Wghiof] E843 dozs 243 A

g!

thromboxane



248 9 59 n$A B} gAAE 9] Prostaglandin 4 oll ©] x|+ Bacterial Lipopolysaccharide®] I3k 139

2 2A-E Z++= prostaglandin Y= thromboxane®] 3}=%h

1o wARE 549 Adx ok wed 4E
agonistgoll ola] <Uolvly cyclooxygenaseAlE £33t
prostaglandin gH43e] A= A4 AAe] WE £
43t Heel AEdoz Aol Aohx & & et o]
23t AL AjEur 1z A 2 HE]Q arachidonic acid 9]
%27} # o] agonist-responseA|ol| 4] 2] prostaglandin
¥ thromboxane®] FHHAQ MBS flslledl F&
Srboll iR wig F2 S Aviekn Uk WA,
arachidonic acid2F-E]2] prostaglandin A& XAl
7l 18l =, &% o] PGHSS] A =-F Aol Haslct
= —473.%°| o] AFAE 9Jsle] AAS T glo,
olg]gt AAEL, ¥E AEAl oA ZHEF mitogen
Heloll o3k AIEW PGHS WHd Frieh Wl
prostaglandin /o) F7MRAvke HuEz4 AN H
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PGHSol| t3t ¢DNAST sheep, mouse, human Aj|3¥oj] A
olu] Eelxlo] 1 7] Ade] A up Uk, E3
F|Zoll= mitogenoll &8l FE5& AEZ-E typee] PGHS
9] Za7} Rouse sarcoma virusoll 2]3l ¥iAl=l chicken
embryo fibroblast® = phorbol ester T serumol] 2] 3}
425 3T3 cell’ V'ollA] &01H u} Qlon, o]F Axti=
PGHS-1, $xH= PGHS-22 wwlsl v} glck. Zad 3
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L HE CHAMHESY #a

R}A] Sprague-Dawley (SD) =S Aldol] ALslgo
W, #HE YA AN EZE Chandler®} Fulmer®] bronchoal-
veolar lavage Holl Fsjel t}e3 ol Helehnt
Ethyl etherZ w}HA|A 53 F Fof FHOERE

Hojsel WAE Ao Y A4S F2E o]
71 =& cannulationA) 7] 22 HE E2]3 ZF, 30 mlg] cold
PBS (13.6 mM NaCl, 2.7 mM KCl, 10 mM Na;HPO,
1.8 mM KH;PQO,;, pH 7.4)Z three-way cock®] gtZo g
234 dol 2ALYHA vlAAHA & Fogd
Bl lavagest NS H3ch o] HS 600 gollA 5 &
7+ AR BElAA AE AHES 23 7ol 100
U/ml penicillin (Sigma, St Louis, MO)¥} 100 pg/ml strep-
tomycin (Sigma, St Louis, MO)o] 345 RPMI-1640
(GIBCO BRL, Grand Island, NY) 5 mlS 7}3fo] zjsie
A Ak QX 59 HESELS hemocytometerE AH-8-51od
trypan blue exclusion' &8 7ZAstgon] A 90%o°)
4] BEES Jehl

24 well microtiter plate (Nunc, Naperville, IL)ol] &
AEE 5x10° cellywello] EEZ 7kt 37CoNA 5%
CO»/95% OE 2 A|ZFEt ulkslo] A X7} plate vpet
o $AEE kgt

2. SZUAHEY B

24 C57BL/6 v}-$AE o] £3}9] 2, Ouwendijks 2
lavageloll Fstol theF ol Pelshdnt. whesg
AraEete] AT F FAAE ol fetel Hrdel
cold PBSE =427 A "ok EARHo] s
A R WM TS0l £ 9 $eHol ye 23
AN ZE 2atgicl. 1500 pmoll4] § 27 U424
# 1.2 pelletol] 100 U/ml penicillin (Sigma, St Louis,
MO)3} 100 pg/ml streptomycin (Sigma, St Louis, MO)
2e]3l 3% fetal calf serum (FCS, GIBCO BRL, Grand
Island, NY)o| 3%+8% RPMI-1640 (GIBCO BRL, Grand
Island, NY) 5 mlZ 7}3to] R GA AL AESFS via-
bility = hemacytometer:"——’— 785}y trypan blue exclusion
Hog ZAAstgdrt. 24 well microtiter plate (Falcon,
USA)el| —,——rrkl]_%_% 5x10° cellsjwello] E|%E vlsta
37CollA 5% CO2/95% O.F 2 A|7F&<t uleksled HE
7} plate utctoll RAE L5 3}t
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3. TXB: 443 PGHS §4o &3

A|Eol| 3% fetal calf serum (FCS, GIBCO BRL, Grand
Island, NY)o] ¥3}=l RPMI 1640 wjx]|& 7}st3 LPS
(10 pg/ml, Sigma, St Louis, MO) 59| °FE3} &7 37
TollA skl et

16 A1 ZFEQF sioFer ¥ Wi S A Hslod —20T
o} Baslgcirl, AMAE TXB,ol %S radicimmunoa-
ssay (RIA)Z Z=A31g ). TXA,¥ alveolar macrophage2]
endogenous arachidonic acid7} PGHSel| 2]&fl thAEo]
NS 243 e FalAAelAnl, EtAsiy
ZA TXB.2 A= Z TXB,E 24 AXE 4hgkrh

PGHS?| ¥4 FuSoll 23t 43 wdl F3lo] &
A, F, TXB, AA5S A7 A wiAE
A|AEE celloll, #8k2] arachidonic acid (10 pg/ml, Sigma,
St Louis, MO)7} &8 PBSE 7}sto] 10 E7F wioks)
gk 2 F, vjRAE Huk 7)o £33 TXB,9] %
€ RlAd] oJ3] AFF 2R PGHSS A& doli )
vl 2} RollA] 2 H FeFe] arachidonic acidE 7heted 3§
A¥ TXA¥= PLAYE F&3te AAFE AXA geow
Z PGHS®O| &A1& utdss Aog A3

4. TXB; H22 2|8t radioimmunoassay

RIAE ©h3e] Wilo] Fstol AAlstoln Hgerel
A S 28] PBS-gel (0.1% gelatin in PBS buffer, pH
74)0ll 2] Hslo] 600 Wz PE F, 7)o [HI-TXB;
208 142.10 Ci/mmol (DuPont NEN, Boston, MA) 100 ul
o TXB: A 200 WE 7lsted 2 E{hska, 4TellA
12 A|ZHE<E HAeto] ubgo Fo] TXB:% [HJ-TXB;
7} Aol AAH e AYHES Shsich WSsho] 4
A TXB,TXB, & H¢AE AL F2l TXBE
AAsF7] $i8bed 600 e charcoal (1 mg/ml dextran, 6
mg/ml charcoal in PBS, Sigma, St Louis, MO)< 7}3] 4
S %, 4TColA 1587 WAt F2d fe TXB:
£ 2000 gollA 5 B7F QAR5 At YAAA A
Astgom, 4Zol $AR [HI-TXB:9 radioactivity=
liquid scintillation counter (LKB 1211 Rackbeta, Pharmac-
ia LKB, Sweden)E& o]&3lo] ZA3}9c}. Scintillation
cocktail 2 xylene#} Triton X-1003 3:19] v]-&% Eg3H
ffol] PPO7} 03% FHFEF =Alstd A-&5rt
AA 9 TXB%2 AAH ARdozRe A&
o}
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2E datay meantSDE U}ENHQ 2™, Duncan’s mul-
tiple range testol] oj3) {4 AR
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1. 82 ¥ HE CHAMZNAM TXB, 8MdS
PGHS @&40|| O|Xj= LPSY| A&

2" A oiAlAlZEol aspirin (500 uM)S 2 At
Eok A A ¥ LPSE spsta 9 AEQT uiok
stk TXAx= dlAjAlZo4 A4 == F5 PGHS of
AANZ, A ALE F ApuHog TXB.E el &
435122 B A E o] TXB:E radioimmu-
noassay S E8 ZAsigld. LPSol 93 TXB, A%
3 PGHS €42 %7 dlAAX (Fig. 1,2 4 AI¥ o
A E (Fig. 3, 4)ollA] SU& w2 okar-e vehiigic}
ZF whg A ZHEqt LPS 8ol oJ3) wiA] Fo2 Rl
TXB; o2 3AZMANE 4 Frhstr] Al&sehst
10 A7+ o|FREl= FA3] Frlsilon] Ayube} of
ZH) Aol Aot 16 A ke Ho) BAFS vk
Uigieh. 2 dpAellA g3t ofju] A¥ A3 endo-
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Fig. 1. Time course of TXB; accumulation in LPS-stimulated
mouse peritoneal macrophages after pretreatment with aspirin.
Cells were allowed to adhere for 2 h in the presence of aspirin
(500 uM) to inactivate endogenous prostaglandin H synthase
and washed three times. The celis were incubated in RPMI 1640
with or without LPS (10 nug/ml) for times shown. After removal
of the medium, the levels of TXB were measured by
radioimmunoassay. Each point represents mean = S.D. of
triplicate samples. = p<0.01 vs control.
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Fig. 2. Time course of PGHS activity in LPS-stimulated mouse
peritoneal macrophages after pretreatment with aspirin. Cells
were allowed to adhere for 2 h in the presence of aspirin (500
UM} to inactivate endogenous prostaglandin H synthase and
washed three times. The cells were incubated in RPMI 1640
with or without LPS (10 ug/ml) for times shown. For the
measurement of PGHS activity, cells were incubated with
arachidonic acid (30 uM) for 10 min, and the levels of TXB; from
the medium were measured by radioimmunoassay. Each point
represents mean * S.D. of triplicate samples. * p<0.01 vs
control.

genous PGHS ¥4} 2 aspirin A ]l 23l 90% o4
AAEHPo =T LPSH o] 9lsl) 2Ax PGHS AL
Azo] FAAE Ao AL uldsls: Aow =A%
4 99tk PGHS B4 1] AL 3 A7MALE okt
ooyl 1 3 o7k Fotste] 16 A Zkjol] FH o
_8--‘4'—3‘ veblgich wheba o] o] Ay LPS XAl
b 16 AZro g sto] AePsigict.
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#A 71 A TXB,9] Aol vz gk 4 ,q Hatoh
EEGS LPS Al 9 vHeg BFellA 1

7t FNe) W TXA, 445S FaANE Ay
Bow ozig A& 273 (Fig. 5) 9 AE (Fig. 6)
A AEAA FUE A4S JdepdUch 5o, wiA
Foll ZAIsHE F4Hd EED FE 2 mgmlol] v}
o] IFE ETrt (8 mg/mlolAE LPSol &%t induc-
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Fig. 3. Time course of TXB; accumulation in LPS-stimulated
rat alveolar macrophages after pretreatment with aspirin. Cells
were allowed to adhere for 2 h in the presence of aspirin (500
uM) to inactivate endogenous prostaglandin H synthase and
washed three times. The cells were incubated in RPMI 1640
with or without LPS (10 ug/ml) for times shown. After removal
of the medium, the levels of TXBz were measured by
radioimmunoassay. Each point represents mean = S.D. of
triplicate samples. = p<0.01 vs control.
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Fig. 4. Time course of PGHS activity in LPS-stimulated rat
alveolar macrophages after pretreatment with aspirin. Cells were
allowed to adhere for 2 h in the presence of aspirin (500 uM)
to inactivate endogenous prostaglandin H synthase and washed
three times. The cells were incubated in RPMI 1640 with or
without LPS (10 ug/ml) for times shown. For the measurement
of PGHS activity, cells were incubated with arachidonic acid (30
uM) for 10 min, and the levels of TXB; from the medium were
measured by radicimmunoassay. Each point represents mean
+ S.D. of triplicate samples. = p<0.01 vs control.
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Fig. 5. Effects of glucose on TXB; accumulation in LPS
stimulated mouse peritoneal macrophages. Isolated cells were
incubated wtih LPS (10 ug/ml) and each concentration of
glucose (2, 4, 6, 8 mg/ml) for 16h. Accumulated levels of TXBz
synthesized from endogenous arachidonic acid were determined
from the incubation medium removed. The results represent
mean * S.D. of triplicate samples. »: p<0.05 vs 2 mg/ml glucose
treated group.
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25 A2 o eukaryotic AE B EHEFE 27
9 = Y AeYH A HEFS Hdst
Z5 golo] o THFEC diy LPSS FE2
'4 kste] medAle] w3k u]EolFel A3, com-
plement cascade®] 43}, EAZQ £3zg 5L F
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WA A E® a2z DA ET Folld oln] Bxd u}
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T FEZ TXA; A4S A 2 5 dEFH2E ST
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o] prostanoids®] 7]Zo] E& arachidonic acid §-2]oll
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Fig. 6. Effects of giucose on TXB; accumulation in LPS
stimulated rat alveolar macrophages. Isolated cells were
incubated wtih LPS (10 ug/ml) and each concentration of
glucose (2, 4, 6, 8 mg/ml) for 16h. Accumulated levels of TXB:
synthesized from endogenous arachidonic acid were determined
from the incubation medium removed. The results represent
mean * S.D. of triplicate samples. * p<0.05 vs 2 mg/ml glucose
treated group.
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ZAgo Fod wAFEE ¢ Aoz FAHAG 1
U Marcs o] HE dAAEE o] &ste] Pt Ayl
oslH E7) giAAEE PMAE PKCel #A4& 714
71 EA 5ol 93l arachidonic acid thA7} F7hehA|RE
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a2 olgE, AE A ZAE 7I-4ee] PRCEA
o] ¥ AA| PKC F @& Hio| AFutel Zts|of
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Eon 2453 Q. w3 A5 Aol et
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ol sleto] BANEE PKC subtypeo] LPS] signal
transduction pathwaygoll $Xlsl=A] T o|el=
9l =4 71AA S ARFH} A, ¥ Rk AHA
AFE B8l FHEolA ok slelgt AsH . ojHYG £
£ 282 I3 HIyT ALdAe] Aol ity
Aeg B dFAdA e bl A Ao 93
4 AU ATAAE Exge FEr IHeE
PGF.9] A45o|vt PGHS #Ado] Fride] &y
gk ol B3 FET AHXE9 4] A XA ] PGHS
Z8-& A% 7Aoo EE YA HAoZ AX
shh Az HE Ades PGHS2} A8 H5AE
A A F3 Qe
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Bacterial lipopolysaccharideo]] 2]3t prostanoid 4 =
7 Agol %7 9 SE olA ATolA ojme o
g JeheAE A Eghd.
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A W3tFole B g HE dAMZA LT
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