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Antiapoptotic Role of Pyruvate in Vascular Endothelial Cells
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ABSTRACT

Apoptotic cell death, characterized by DNA fragmentation and morphological changes, has previously been shown to occur in
vascular endothelial cells cultured with hydrogen peroxide. The present study examined the induction of apoptosis by hydrogen
peroxide and whether pyruvate, a key glycolytic intermediate and o-keto-monocarboxylate, can inhibit the apoptotic effects in
bovine pulmonary artery endothelial ccllstBPAECs). Culture with 500pM hydrogen peroxide resulted in 30% cell death and
induced morphological changes and DNA fragmentation. Cell injury was inhibited by the treatment with pyravate. Pyruvate (0.1 -
5.0mM), and cell viability increased in a dose-dependent manner, In the presence of pyruvate(10~20mM), the viability was
improved to over 95%. In contrast, treatment with lactate, a reduced form of pyruvate, did not protect against cell death caused by
hydrogen peroxide and BPAECs remained more susceptible. The cytoprotective mechanism of pyruvate against oxidative stress-
induced loss of viability and apoptosis was examined with o-cyano-3-hydroxycinnamate(COHC) as a selective mitochondrial
monocarboxylate transport blocker. Incubation with COHC(500uM) did not significantly affect cell viability in the presence of
hydrogen peroxide. The cytoprotection by pyruvate(3mM) against hydrogen peroxide stress -was abolished by COHC. This
indicates that the cytoprotection by pyruvate against oxidative stress in endothelial cells is mediated, at least in part, by
mitochondrial pyruvate uptake and hence endothelial energetics. However, cytosolic mechanisms related to the glurathione system
may also conwmibute. The results suggest that pyruvate has therapeutic potential in the treatment of oxidative stress-induced
cytotoxicity associated with increased apoptosis. (Korean J Nutrition 32(3) : 318~326, 1999)
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AN ELL BPAECsY cell line® American Ty-
pe Culture Collection® 22X €] FU&Uc}t dHEES
2 A7 BPAECst 12 well plates®l well & 3.0x 10
2 10% FBS7F #7ke M199 wigkde] E5=o] 24~
48A17F WFHAT Fol7 FE(100sM~20mM) 9} py-
ruvate 71 7 AZajokelelas 3027 wjAlz] oL
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mazan & Wd= #AGL o)Esle] AEFHL 245
Bt Formazan®] 342 ey AZdMgt dofn}
Z BAE Hrmazans] B Holgl= AE4d vl
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isoamyl] alcohole 2 HHE-X sl ghil o AAE-2 5N
ot U2 pRAEES A TR ATl 0.3mM sodium
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A&t F7] Foll A=AFT}E DNA pelletsg 65T
30d TE buffer(10mM Tris-HCl(pH 8.0), ImM ED-
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Fig. 1. Bovine pulmonary artery endothelial cells were incubated
with 500uM hydrogen peroxide(H;O,) for 30 minutes. Control, no
treatment of hydrogen peroxide. Pyruvate or lactate was prein-
cubated for 30 minutes and thereafter posttreated for 24 hours after
incubation with hydrogen peroxide. Data(means+SEM, n=8 sep-
arate experiments) are expressed as percent of cell survival of
respective control pyruvate or lactate. *p<{0.05, compared to res-
pective control pyruvate or lactate valie. 'p<{0.05, compared to
hydrogen peroxide alone.
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Fig. 32 BPAECsol|lA 3itsleao] 2] apoptosise]
A&8rE el £4491 internucleosomal DNA ladder ¥4
7} o] Aol tk pyruvates} lactated] EHE e Ao]
ot Fdskravl Ael® BPAECselA 2% DNAT
agarose gel ArelA] DNA ladder modeE ©|F2 oA
abEE E e ofste] DNA fragmentation®] ¥oj¢t A
& RAFYrL AaksrA 500EMel &5te] e AXE
+(Fig. 1) apoptosis Z40) 2)g ALe & ¢ Aot &
A, pyruvateste] H3ufikel|A gel Ad<A1e] DNA ladd-
erE AFEHE Aoz #AE] filskyid st} 2
¥ DNA fragmentation pyruvateo] £} =g}
AL 2odFEQa vbdAe] | 10mM lactate® =3 A
ol ©]2{§ apoptosis HA7) 50 BAH A BSg ).

Apoptosis® in situdlA] AlZg TUNEL AZA=
B3 292 915l (Fig. 4). Pyruvate® X =k
£ = in situ DNA fragmentation®] A<l dejubx] o

(BPAECs). Panel A shows normal BPAEC morphology stained with ethidium bromide. BPAECs treateu with 500M hydrogen peroxide for 30
minutes induced morphological changes characteristic of apoptosis(panel B) Apoptotic bodies with cell shrinkage and condensed nucle:
(arrow) were mainly observed. Panel C demonsirates morphology in BPAECs treated with 10mM pyruvate before and after exposure to hy-
drogen peroxide. Panel D shows cell morphology when treated with 10mM lactate before and after exposure to hydrogen peroxide. Lactate
incubation did not prevent against hydrogen peroxide-induced morphalogical changes characteristics of apoptesis, showing fragmented
nuclei(arrow).
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Fig. 3. Protective effect of pyruvate on hydrogen peroxide induced
internucleosomal DNA fragmentation in bovine pulmonary artery
endothelial cells. Fragmented DNA was extracted and electropho-
resed as described in the text. Lare 1, DNA mode from normal
cells ; land 2, DNA mode from 500pM hydrogen peroxide-treated
cells ; lane 3, DNA mode from cells after incubation with 10mM
pyruvate ; lane 4, DNA mode from cells after incubation with
10mM lactate ; lane 5, DNA mode from cells after incubation with
3mM pyruvate and 500pM a-cyano-3-hydroxycinnamate ; lane 6,
standard DNA marker. Intemucleosomal DNA fragmentation was
observed with 500pM hydrogen peroxide and in cells treated with
lactate, whereas DNA ladders were little detected in untreated cells
or in ¢ells treated with pyruvate.
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Well A8} pyruvateZt #3840l o] 44314 A XEA
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COHCe] Axde Z#8é in situ DNA fragmentation
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Fig. 4. Micrographs of TUNEL-stained bovine pulmonary artery endothelial cells(see in the text). Panel A, normal cells ; panel B, cells treat-
ed with 500pM hydrogen peroxide for 30 minutes ; panel C, cells treated with 10mM pyruvate before and after exposure to hydrogen perox-
ide, in which few cells were stained. In contrast, 10mM lactate did not have these effects(panel D) and most of cells were strongly stained.

Table 1. Effects of pyruvate mitochondrial transport inhibitor o-
cyano-3-hydroxycinnamate(COHC) on enhancement of viability by
pyruvate in hydrogen peroxide-treated bovine pulmonary artery en-
dathelial cells

Hydrogen peroxide Pyruvate COHC Viahility

M) (mM) (M) (%)

0 0 0 100

0 0 500 9243

0 3 0 101+3

0 3 500 90+2
500 0 0 76+3*
500 0 500 72:3*
500 3 0 84x3*
500 3 500 714t

The viability data are means+SEM from five separate experiments
and expressed as percent of the viability value of untreated bovine
pulmonary artery endothelial cells(BPAECs). o-cyano-3-
hydroxycinnamate(COHC) was preincubated as a specified dose for
30 minutes prior to the incubation with pyruvate given. The cells
were then reincubated in a fresh medium for 24 hours(see in the
text). *p<C0.05, compared to the viability value of untreated cells '
p <{0.05, compared to the viability value of cells incubated with py-
ruvate prior to treatment of hydrogen peroxide in absence of
COHC.
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38, apoptosistE FElFHe=r ] condensation,
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¥} membrane blebbing 5o Yellz, Aoz
a4 F4e = 918 chromosomal DNA frag-
mentation®2 MTZL] glolM necrosisdhs F3lo]
:F_%%q_.ll)m)u)

£ AT pyruvated] apoptosisel] W A&z
of FEEte Fildlrd 500uMell 2% apoptosis =l
A el gl @3ke A, ol WEtE
pyruvateZ} QAT A8 BQFY ) Ethidium bro-
mideE ©]-&3te] 500uM Fital4E 3087 A= g A
o)A MEe] shrinkage?t 9] condensations 712
apoptotic bodies® F3le] #&F &7t AAT. 7]
10mM pyruvate® 289 HAiberaS A 2
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o 9% MESAE 2387 ZFeATke 4L € 7 vk
oz 8 A2 Fig. 1914 BT+ lactatert I
9} synergy 2H8-2 = AXHA e FAE J¢AstL Q)
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Fig. 5. Micrographs of TUNEL-stained bovine pulmonary artery endothelial cellssee in the text). Panel A shows TUNEL micrograph of nor-

mal cells. Panel B indicates TUNEL micrograph of cells pretreated with 500pM o-cyano-3-hydroxycinnamate prior to incubation of 3mM py-
ruvate, and then treated with 500pM hydrogen peroxide for 30 minutes.

o} =G, oH T A= J&T AAA Y AP
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M IPbEl A= BPAECs9| A necrosis® do7= 9
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apoptosis AN zAHHTIL & 4 ik A, Jac-
tater pyruvate® 7-9-¢}= 2] DNA fragmentation
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TR o] & XSS 7FEAIFI T apoptosis H
& 39 BPAECsY #38 24 (Fig. 2)F Z#¥siivka
E 5 v
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g pyruvate?] JAEI AN mEZ=gohyel <]
pyruvateS &L ¥H&7] $&a COHCE =dsts.
o714 5000M COHCE 3087r AxsrgE 73,
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U}, COHC 500iM& AZTRGAE pyruvated] o152 2
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o TR & =E0NA, 15 % glucose AFEIA]
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systemolA] glutathione redox cycle® 9@3] s 1
% glucose Aol A Fatshelel 88 AEELE €
Aol B uH[G o g =EAAE B 7R A
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se phosphate pathway2] 8482} glutathione redox
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