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Enhancement of Endotoxin-induced Prostaglandin Synthesis
by Elevation of Glucose Concentration in Primary
Cultured Rat Vascular Smooth Muscle Cells
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Eun Joo Baik and Chang-Hyun Moon
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Abstract—This study was designed to characterize glucose-enhancing effects on endotoxin-induced
prostaglandin production in primary cultured rat vascular smooth muscle cells (VSMC). High glucose
treatment significantly augmented prostaglandin (PG) synthesis in lipopolysaccharide (LPS)-stimu-
lated VSMC and this effect was maximal at the concentration of 4 mg/ml. It has been reported that in-
creases in glucose metabolism through sorbitol pathway could alter the cytosolic NADH/NAD" ratio
and this change favors de novo synthesis of diacylglycerol (DAG) and, in turn, results in the activation
of protein kinase C (PKC) in vascular tissues. Protein kinase C (PKC) inhibitors, staurosporin and H7,
blocked the glucose enhancing effect, and DAG, a PKC activator, significantly increased the PG pro-
duction stimuated by LPS. Sodium pyruvate, which can reverse the alteration in cytosolic NADH/NAD"
ratio, reduced the high glucose effect on PG production. And also, zopolrestat, a strong aldose reduc-
tase inhibitor, almost completely blocked the augmentation effect of glucose on PG synthesis. Ara-
chidonic acid release was significantly increased in high glucose treated group, which implied the in-
crease in PLA; activity was associated with glucose enhancing effect. Metabloic labeling study clearly
showed that de novo synthesis of prostaglandin H synthase2 (PGHS-2) is greatly increased in high
glucose treated group and this was mitigated by the treatment of zopolrestat. Taken together, the ac-
tivation of PKC through sorbitol pathway increased the activities of PLA, and PGHS which resulted in
the augmentation in LPS-induced PG production in high glucose treated VSMC.
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A2} - Bacterial lipopolysaccharide(E. coli 0111:
B4). aspirin, arachidonic acid. 6-keto-PGF,, <
Sigma Chemical Co.9l4, Dulbecco’s Modified
MEM. fetal calf serum-& GIBCOARIA, (H)-6-
keto-PGF,., (*HJ-arachidonic acid New Eng
land Nuclear(NEN)ell*{, TRAN*S-LABELTM&
ICNAIM 791832, zopolrestat Pfizer AlollA]
TH wgton] 71t AlRE 13 ol A AHE-E
At

SE WEE MES| ®a| 9 HiZF - Sprague-Daw-
ley#l(180~100 g) &4 A=g AF A} AT F7
& ¥ thoracic aorta® FAHoT HEdA
Ham's F12 ¥iA(GIBCO, Grand Island, NY, USA)
of ol o]Fe} £ wige) o] &3}1sirt. 7 HHZ A
¥o| Ba] 2 ujeke Thybergs el Wiol™ &a}o] 3
3ok Fod 23 Sl connective tissue?t AlE
AES AAT F aortad Zol WEoz A& vhg,
0.1% collagenase?} ¥ Ham's 128§<}0)1 4} 1A)17E
B2 Held 3HTE. Aorta® inner lining€ rubber
policeman® 2 #Fo] AAZ H, medial layerg 1
mm®®) 2712 ZA AAskT A 0.1% collagenase
£ overnight Aalsisitt. Eaojg AFE 3.000 rpmoll
A 5E7 YAEEZ F 10% fetal calf serume] 2
# Dulbecco’s modified essential medium(DMEM,
GIBCO)ll resuspenddtd 5% C0,/95% air, 37°C &
A A wijoFstAth vl AFAof 29y wAE o
o 2 Ao 23] -33] Aoig MEE o] 8-3frt.
AE A 48417 52t serum deprivations: &3}
growth arrestA|Z] Zz13}ol| A ME ujkdo] 2, 4, 6,
8mg/ml® glucose?t EFEHE=E3 F 10 ug/miel
LPSE 7}k prostacyelin(PGI,) & A&l wix]=
&8 e

6-keto-PGF,, M3} PGHS RAM2| HA - it
¥ 10% fetal calf serum(FCS, GIBCO BRL,
UsA)e]l 3" DMEM wiAl& 7}8ln bacterial
lipopolysaccharide(LPS, E. coli, 0111:B4, 10 pg/
ml. Sigma. USA)} 34 37°ColiA] vidslaict. g4
Az FSh wioket & g A H3le -20°Col B
al9ti7t, A E 6-keto-PGF .8 %€ radioimmu-
noassay(RIA)Z =439t PGHSY #4& Fus”
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Fig. 1— Effects of glucose on endotoxin-induced pros—

taglandin production in primary cultured rat vas-
cular smooth muscle cells.
Cells were preincubated in the absence of serum
for 48 hours and further incubated with or
without lipopolysachharide (LPS. 10ug/mi) in
10% fetal bovine serum contained fresh media
for 16 hours. Supernatants were collected and
the contents of 6-ketoPGF, were quantified
with radicimmunoassay. G1:1mg/ml glucose:
G2 : 2 mg/ml glucose: G4 : 4mg/ml glucose: G8:
8 mg/ml glucose. p¢0.05 vs G1+LPS

24 EAQT B3 72 ATE s A i
g HE2 A X LPSE 23t 3¢ o) »uoj
A¢t ulR7kAl 2 prostaglandin E410] A3 St
o0 2 oj2ig Frhs Mg X527 T
7} 7HEFE v A4l X=2T F % 4mg/mi
734 1mg/mid 7%l vI3 26) o]de] prosta-
glandin®] $AEE AZY F AU XET FEE
4mg/ml ol F7MAZ AL o ol¥Y pros-
taglandin 4 7= @3] °% ch(Fig. 1). wpet
A olFe) AFME TEFE 1mg/mi(Gl) 2 4
mg/mi(G4)e =2 Hsld £33t Wil-
liams5¢) R0 jata, nE T wjx|ol A whFet
HAAEo|ME AEA N NADH/NAD® vlgo] &
A3 F71el, olF AEolAe] diacylglycerol®]
AEAEE SNl B3 AT = 1, oldl wet
protein kinase C(PKC)¢] 8437} 2 #fi€vty 4
A ok, WA o Ao s EEF T2 Fotl
2|3t LPS #X% prostaglandin il”‘* FE @il
PKCe] 8433} si7i=l=Ae] AR E ERIs] ¢3t
o Y% H¥zdslA PKC Z%ﬂﬂl"‘ stau-
rosporin & H72& 33t B34ch(Fig. 2). PKC A
A= 15 E LEF X2]EAM 9 prostaglandin F
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Fig. 2— Effects of PKC inhibitors on endotoxin-induced
prostaglandin production in primary cultured
rat vascular smooth muscle cells
Cells were preincubated in the absence of
serum for 48 hours and further incubated with
or without lipopolysachharide (LPS, 10 ug/ml)
in 10% fetal bovine serum contained fresh
media for 16 hours. PKC inhibitors, stau-
rosporine (Stau : 100 ng/ml) and H7 (50 uM)
were added with LPS. Supernatants were col-
lected and the contents of 6ketoPGF:. were
quantified with radicimmunoassay. p{(0.01 vs G
4+1PS

6-keto-PGF,, (ng/mi)

Z d4L d43 dAge B2 5 Uyt 22
e 23 AT 9] LPS 2H8ol= dtheE o
go] A staurosporin M2l#), Yoz 22
Ax ol AAFGTO)(HT M) B& =AUt ol
PKC9] 9&ko] &3t el 28 F2E F3 7Q1A 9

B2 937 fal, 5YT AF A8l di-
acylglycerol® M@ A7, Hex ¥x9 AT
9] prostaglandin $42 93¢ F718 KA
U, 25 53 AHrdlre FAHE fog
31 Rolx gUdrh(Fig. 3). ol= Fig. 1614 ®<l vl
9} o] G4olde) Txg FRoA = o olde 6-
keto-PGF,, A S717F =R o= dAdn 433
3 9lch, AIEA el £7hd NADH/NAD™ u]&-& 4l
F2AY pyruvated] FEo GATAAL e HoR
BoE b om ® o) pyruvate?! lactateZ9] o
Atz oAl NADH7F NAD' 2 Atstgdl] 71918h= A
o2 4 urh webd, ojHolE WigAF e py-
ruvate F5& W3 A A& 399 prostaglandin &
Aol vl J3 AESIACE Fig. 3o 2oF3 vio}
7o), sodium pyruvate X2l 3 nFE EEFo|
2§l prostaglandin $4 5% d4do] ¥z o
g B2+ YU e vieh 22 A X Aol
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Fig. 3 —Effects of diacylglycerol (DAG) and pyruvate
on endotoxin-induced prostaglandin production
in primary cultured rat vascular smooth mus-
cle cells
Cells were preincubated in the absence of
serum for 48 hours and further incubated with
or without lipopolysachharide (LPS, 10 ug/ml)
in 10% fetal bovine serum contained fresh
media for 16 hours. Diacylglycerol (DAG. 10
uM) and sodium .pyruvate (Pyr, 11 mM) were
added with LPS. Supernatants were collected
and the contents of 6-keto-PGF). were quamr
tified with radicimmunoassay. pX0.05

9] NADH/NAD' #Hl& W3h= 7] Xxwo
sorbitol pathwayE &3] tiAlge 7IRlsk= oz
22" 2lt}. Aldose reductase A= 4E4 D
ZdoM Ay w3 S MU AR B
19 v} glen o] sorbitol pathway A& &
PKC #43l oAl 2o 7]0¢ Aoz d&A ot
B NP M aldose reductase AMAIQ zopol
restat-2 x12]3to. 24 sorbitol pathwayE xhddt ¥
prostaglandin $4dell ¥]Xle 48 HESY L 1
An, n¥F A9 FEF2Lo] A3 Al
& BEE 4+ UAAHGI+LPS : 0.45%0.10 ng/ml:
G4+LPS : 1.45+0.047 ng/ml. G4+LPS+ zopolre-
stat : 0.54£0.074ng/ml). o3 248 AANEE B
e ¥ =3 2}3 prostaglandin 4 $Z Ay
sorbitol pathway® 3% PKC2 #A43ld 7|0ge
2398 4 Uik

Prostaglandin® thetAle] a43H48 AX A
Hy, olF, Ax% AR AZFEY arachidonic acid
$2)o]l Bd31= phospholipase A, SAY FlE
arachidonic acid€ PGH,= thAAIF)E prostaglan-
din H synthase®] @77} A4 vhg $£& 783110
AE Aoz dA AUth? wapd, ok AgeME
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Table I — Effects of glucose on arachidonic acid release
from rat vascular smooth muscle cells

Treatment Radioactivity released (%)
Gl control -IM 2.58+0.16
+IM ...2.854£0.08
G4 control -IM 3.41£0.30
+IM 3.81+0.42
G1+LPS -IM 12.11+0.84
+IM 12.87+0.16
G4+LPS -IM 14.39+0.33°
+IM 16.07+0.72*

nEET Aol 23} prostaglandin #4 5% @4ol
o] ¥7H] F8 x4 Ao X d3e HES 2
itk Cornwells ™ol <Jaha Azl wiF S &2 4|
¥ LPSE Ae|g A% arachidonic acid release”}
HA3] F/HEE Aoz dEA oy o= B 4y 2
oAM= A& =it JAcHTable ). LPS =il &
% arachidonic acid release= TEXXF X2l 2]
AR UM Ry on, =3 olefdt A 794
o)X= AAARE, LPSE A3k &2 oA xE Hls:
g e Bk e olde] ke 2, in-
domethacin 2]l 9§ arachidonic acid release 2}
o 288 B ARoa BaEA gghet LPSe 9§
arachidonic acid release S7H= @# BE2 A EelA
9] secretory PLA, 84 3710l 7|8h= Zeg Hu
Ha glon), B HE Ao z2s uxmde o
arachidonic acid release 57Fd4do] sec &, Se-
cretory retory PLA, 84 3719 A & Aoz
A FE YUY F, ded el o], n¥ T 9
& prostaglandin A4 % 4ol sorbitol path-
wayE F¢ PKCe @4glel 7|dthd, o}z <&t
cytosolic PLA,¢] &3} HA| #E 7154E wiAlE
F g7] wEol ¥ ol BAPE dheiME 335
e AFE 3 Rl ojA ok & Aolrt. LPSel| 93}
o fE5E PGHS-2¢9] Al ulxe Txge] o
&S FEY ZAE Fig. 491 vER vie} gon
band®] A3 7= G1+LPS: 100, G4+LPS:
178 ¥ G4+ 1LPS+Zopolrestat : 136 o|it}. kA o
2 PGHS-2+= mitogenic stmulioll ]3] 28 o] Z7}5]
Aoz dA glon] *¥ E AY AnoMx o]F
el & 4= YAtk = fetal calf serumoll &J&) +%
= PGHS-29) A3 LPS Aol o3 dA3 =
Zrlm 9o, ol nxEF el te A3t

>

1 2 3 4 5 6

Fig. 4 —Effects of glucose and zopolrestat on endotoxin-

induced de novo synthesis of prostaglandin H,
synthase 2 in primary cultured rat vascular
smooth muscle cells.
Cells were preincubated in the absence of serum
for 48 hours and further incubated with or
without lipopolysachharide (LPS, 10ug/ml) in
10% fetal bovine serum contained fresh media
for 12 hours. Medium was changed with
methionine free DMEM and further incubated
in the presence of (*S)-methionine for 4 hours.
Zopolrestat (50 pM) was added at the beginning
of second incubation. Cell lysates were im-—
munoprecipitated with specific PGHS-2 antibody
and committed to electrophoresis. Fluorographic
images were developed on Kodak X-O-Mat film.
Lane 1:Gl control, Lane 2: Gl LPS treated.
Lane 3: G1 LPS and zopolrestat treated. Lane 4
- G4 control, Lane 5: G4 LPS treated, Lane 6
G4 LPS and zopolrestat treated.

%cth. o] u, aldose reductase inhibitor¢l zopol-
restat A3t H$ 1 ¥ G HaTdA oS FE5
A9 PGHS-29] A4S Zade #2d 4= e
™, o]g|g Axp= PGHS B4 & E4g Anolx X
FHUTHGI+LPS : 98+54: G4+LPS : 390+140; G
4+LPS+zopolrestat : 170+74: 2$ : pg/mi/10
min). 18v AFZEF HelFA A= aldose reduc-
tase AsiAl zalel 28 9312 PGHS-2 AdtAle] &
7HeE= IS e ol PGHS 84 24 Axet
£ YX3IA ¥ttH(34+18 pg/mi/10 min). ¢j2i 3k &
A ]o]l tHSIAME time course studys< BlRE B}
e HPE B3l 1 ol E FAY Ao} ol
o] ANZ By ax =) 93 prostaglandin A
TEH2EE PKC 2/4d3}0 12 PLAS 84 571 2
PGHS-29] A S7loll 710k Ao FH4E &
AUt

r

W

#Ale =2

o] =i 1996k #FTENTAGe] FEHA
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