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-: Dimers, trimers artd tetranuzrs of 15 dehydm-PGB1 and of 16,16'- 
dimethyl-lsd&ydro- PCBi have been synthesized and their effect on mito- 
cbaadrial function evaluated. The trimers ard tetramers, and to a lesser 
extent the dime=, of both series, protected isolated mitockndr iafranthe 
loss of Ihosphorylatirg capacity during in vitro incubation. Themormmerfi 
were inactive. The trimers and tetrameFs inhibited between40 and 50% the 
FIFO-ATPase of submit- ial particks. All of the oligomers, but mt 
the EZXSIE!~~, had Ca2+ iwretic activity with isolated mitochoadria. 
These activities are qualitatively similar to that reported for the oligo- 
merit mixture of 15~PGBl, tenned Ffq. Q 1986 Academic Press, Inc. 

Polis et al (1) reported the prqmraticn of a mixture, vlhichwastermsd 

PGBx, of products of a base catalyxed oliganerixation of prostaglandin BI; 

thenmzanmolecularweightof thesubstancesinPGBxvasabout220C. The 

oligomeric mixture has a number of interesting biological activities, 

including its ability to protect isolated rat liver mita ia against 

loss of oxicktive phosphorylation during in vitro incubation (1) & Ca2+ 

ionophoretic activity with mitachondr' ia (2), sarcoplasmic reticulum (2) and 

liposanes (3). It has been reported that in vivo PGE& protects animals 

subjected to myccardial (4) or cerebral ischemia (5) or to hypoxia (6). 

The canplexity of tk mixture in PGBx sanples has precluded the isolation 

md identification of an active compaund or conpounds. 

Careful control of reaction corriiticns has permitted the preparation 

of oligaaeric mixtures from both 15-dehydro-PC61 (7) and 16,16'-dinWhyl-lB- 

dehydro-PGB1 (16.16’-diMe-PGBl) from which the dimer, trimer and tetremer 

components were isolated. Oliganeric mixtures derived from 16-dehydro- 
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PQJl, via a Michael addition pathway, contain oligcmers of both single- 

addition (C-10 to C-13' or C-14') and a double-addition where C-16 adds to 

C-14' with the further CdditiOn Of the C-14 to C-13', or C-16 to C-13' 

and addition of C-14 to C-14'. inbothcasesformingacyclopentanoneriq 

(7) * Mixtums derived fran 16,16'-diM-FGE)l were much less complex since 

the C-16 derived double-addition patMay was eliminated ard the C-10 to 

C-13 I bon3 formation was favored over C-10 to C-14' by the increased steric 

hirderance at C-16. For example, sixdin~rs were obtained fromld-dehydro- 

FQl at-d mly three fran 16,16'*FGF$l (7). 

This report describes the ability of these oliganeric derivatives of 

PGBi toprotect isolatedmite ia from loss of oxidative phosphorylation 

and their activity as Ca2+ iares. 

MATERIALS AWD METHODS: Oligomeric mixtures of the general formula 
(C20H3004)n, vhere n = l-4, were prepared by treatment Of 15-d&y&O+GBl 
withO. Methanolic KDRatmomteiqeraturetoabout50 percent~version 
(7). This mixture was separated by size exclusion chranatogra@y on 
z Lli-20, using me-1 as the carrier solvent, into dimer (n = 2, MW 

, trimer (n = 3, MJ = 1002) and tetraPeF (n = 4, M+l = 1336) conpo- 
nents * Treatment of 16,16'ilimethyl- l&dehydro-PGBi under similar reaction 
conditions resulted in conversion to an oliganeric mixture of the formula 
(C22&404)n, bh?re n = 1-4 monomer units. This mixture was also readily 
separable into dimer (n = 2, W = 724), trimsr (n = 3, MW = 1066) and 
tetrzaner (n = 4, Mw = 1446) vts. Kach co-t was dissolved in 95% 
ethanol (10 rag/ml) ard added to the inllcated final concentration in the 
various assays. 

All chemicals used were vt grade or of him plrity. Huthenim 
red (Signa chenical Co.) (8) and murexide (Sigma Chsmical Co.) (9) were 
recrystallized prior to use. 

Wale Wistar rats weighing from 150 to 200 gm were sacrificed by 
cervical dislocation and decapitation. Divers were rapidly dissected snd 
immersed in appraotimately 50 ml of cold 0.25M sucrose, 10 mW Tris-RCl, 
pH 7.6, in ice. Mitochordria mre isolated essentially as described by 
Hogeboom et. al. (10) and always used within 3 hours after isolatlm. 
SuhmitochoMrial particles were prqared by a modification of described 
procedures (11). Protein was determined by the Biuret methad (12). 
FIFO-ATPase activity of suhnit ockndrial particles WaB mea!3UM spectro- 
~tometrically as ths oxidation of WADR coqled to the production of ADP 
via pyruvate kinase and lactate w  (13). The oligomers were 
added ine&iately prior to ATP. WAKH oxidation msasuEdinanAminco~2 
spsctrophotoineter in dual mode, at 340-550 nm. 

Oxygen consumption was measured with a YSI 5331 oxygen electrode 
(Yellow 3prings Instnrnent Conpsny, Inc.), in conjunction with a Gilson 
K-IC oxygra@. !Ihe reaction conpartmnt vas stirred constantly. Ths state 
3 respiration vas measured following addition of ADP. The respiratory 
control index for the mitochondrial 
WitoctKl&ria1 Ca2+ movements ware 

preparations wa8 between 6 ad 6. 
measured spectrophotcmatricallyusirg the 

metall~ indicatorW.rexide, 75&l, inanAmincolX-2 spectropktaneter 
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in dual mode, at 5X1-507 nm (2). Themquenceof dditicmlmszeroti.nE, 
mitoclxdria; one minute, Ca2+; 2.5 to 3 minutes, rutbrnlim red to block 
recyclirgof releesedCa2+, ad at about4 minutes, the PGBl oligomsr. 

RESULTS AND DISOUSSION: The effect of ths 16,16'-diMs-PGBl oligomers on 

stabilizing oxidative lhosphorllation of rat liver mit ochondria was deter- 

mimdby preincub3tirg mitochcdria at300Cwith dwithoutthe derivative 

in the absence of ADP. At the tims indicated inFigure 1 an aliquot was 

tmferred to ths oxqgmph cell for nwsuramt of respiratim. After al 

to 2 mimte incubaticm, ADP was added ami state 3 (presenCe of ADP) snd 

state 4 (after phoephorylaticm of ADP) respiratory rates were determined. 

The state 3 respiratory rate of the mitochodria decreased with time 

reaclxirg a minimun mdue after etely 30 to 40 minutes. IASS of 
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Fiaure 1. Protective effect of oligamxav of 16,16'-diasthyl- 
15-&hydro EQBl an State 3 rsgpimtian dur* preincubatim of 
isolated rat liver mitochondria. me preincubet1cn -iOn 
mixture con- loo EM Kcl, 10 l&d WXS, pH 7.4 7 IPM fQOl2, 14 AlM 
#mephte buffer, 20 NM d -ketoglutare&e, 4.0 mg mitodmdrial 
pmtein/ml ad th2 itxtkated 
30%. Tbmitczlxdr 

axmltraticmof FGB101m; IxmP: 
iamrePreirrnJatadfort.ktlaarindicatsd 

thenanaliqlmt (1.7 ml) of th? fncukxttiallmdi~Vmtram~ 
to the reaction vessel (St%) for 
activity m3 describad in tbttmla. 

-t of rs@nacay 
After epppppdrrtaly 1 tits, 

340 mlas of Am vmw a&bd atd the rate of state 3 lm&atim 
w de-. After an sppxqwlete tiac (2 to 3 mInutea M 
efter rospirat1cm I-e- to stata 4). 1 * Fcm (cfmbalylcya- 
nid+P-trifllmrWmttmy Pher@Qdrazam ) wee adcbd and UIIcFIupIer 
stllalleed rtR3piretial wa8 z-San&a. 
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state 3 respiration durirrg in vitro aging has been observed by others (14) 

andoccura m=tlY With loss of 0XidatiVe phosphorylation ard a variety 

of other changes. The wesence of the dimer, trimer and tetraaner of 

16~16’*-pciB1 during the PEincubatiOIl period &laytZd the decdy of state 

3 respiration. m monomer had no protective effect even at a concentration 

four times higher than the tetramer. Similar results were observedusing 

the dimer, trimer and tetraPer of l!Fdehydro-FGBi, as well as with ~GBX, the 

mixture of higher oliganeric forms of EGdehYdro-PGBl. In the absence of 

the RBi derivatives the uncoupler WCCP) stimulated respiration decreased 

in tksanetimeperiodas state 3 respiration; thederivativesalsodelayed 

this loss. Assaying oxidative phosghorylation by measurementofphos@te 

incorporation into ATP permitted measurementsofdoserespoamsecurvesof 

the derivatives and the effect of other compaurls. MaximLSnprotecticRlwas 

exerted in the range of 3 to 6 LN of each derivative; the amount of oligomer 

required for protection, however, was deperxlent on the mitochordrial protein 

concentration with maximum protection at about 2-4 nnoles of derivative/q 

mitochordrial protein. EGTA, serumalbunin and other pro&&&ins hdl no 

protective effect; ATP in the preincubation medium protected the mito- 

chondria. At the concen tration of derivatives required to demonstrate a 

protective effect on the preincubatedmit ochondria, there was no significant 

effect on state 3, state 4 or uncoupler stinulated respiration of mite- 

chondria not preincubated. At concentrations six to ten fold higher, 

Wr, there was a stinulation of state 4, an inhibitia of state 3 and a 

inhibition of uncoupler stimulated -iration. 

The trimer ati tetramer of 15 dehydm-POE81 ad of 16,16'~iMe+GB1 

inhibited FIFO-ATPase of s&nit ochondrial particles (Table 1); the results 

arep- ted for 0.57 w  of each derivative but each was tested at higher 

andlcwr concentratiatls. the nwnarux and dimer had M inhibitory activity 

even at 38 UM. ~hemaximun percent inhibition bythetrimer andtet2‘amer 

of both series was about 50-55 percent. pGBx also inhibited the en~yrm 

maximally about 50% (15): The concentration of derivatives required for 
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Table I. Effect of FGB1 Oli@mera cm the FlFo4U’he Activity of Rat Liver 
Sutmitochrrrdrial Particle8 

ATPaee Activity 

Pm, Derivative 16-ddl~~1 16*16'M+.q- 

rkuw 

Monaner 

Dimer 

Triner 

Tetraner 

naoleeATPhyIrolyzed/min/mgpmtein 

0.77 to.01 

0.72 LO.01 (6) 0.73 50.02 (5) 

0.72 +_ 0.01 (6) 0.77 +_o.oo (0) 

0.51 + 0.01 (34) 0.50 +_ 0.01 (35) 

0.36 +_O.Ol (55) 0.40 +_O.Ol (48) 

ATP hydmlySi8 masuredasde3cribedinbtkds. Thereecticmmixtw 
ccntaimd 100 M Iocl, 20 UM Mles, pH 7.6, 5 mM IUW, 3 mM &I604, 0.4 EM 
@x#menol-pyruvate, 0.3 mM NADIi, 15 IU pynwate ktnase, 15 IU lactate 
aehvacpeascee. ala 0.1 mg protein of su?anita 1a.l particles in a final 
volume of 1.0 ml. ml derivatives (0.57 MM) added imediately before 
initiaticm of reactiar with 3 IPM ATP. va.luee are rtxm ~S.B.M. of duplicate 
qles framthreeeeparateexperinmte. Nunbers in paren~ls idicate 
percent irhlbitlon. 

0 
15-Dehydro PGB1 

DerivatIvea Derivative8 

Flare 2: C%2+ efflux fruo mitoclx&r iamdiatadby01igalw~0f 
15-dehydro-PoB1 end 16,16~-diasthyl-l5-d&y&w~~. titian 
mixture oontalnad 0.125 M KCl, 5nM 'I'ris-HCl; @f 7.6, 5 m&4 loa+ 
setate, 5 &4 glutamatblaalate m.late-‘&is, pii 7.6, 75 ubl MumaWe 
ad rat liver mitochDndr la, lagl gmt@in/ml ln 3 ml; taq. 25%. 
Mitockklriamre imubated for 2minuteeandtbnloak1dwith 
Oa2+, 75 moleer/mg protein. After2mirmtes,400nMmthmiumred 
war3 atHa3 cad QIC minute later the FWi1 derivative (9.2 *) was 
added. Spectrc#mtamtric Ca2+ -tswancatlducted&?f 
described in -. Initial Ca2+ efflux rates mre determined 
fraa the slope after additlm of FGB1 derivative. 
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maxinwn inhibition of FIFa-ATPase wa8 lower than that observed for protec- 

tion of oxidative phospborylation. 

The oliguneric derivatives of PGBi stinulated the release of Ca2+ from 

mitoc-ia (Figure 2) but the -I-s w3-e inactive. This activity of 

the derivatives was equal to or greater than that reported for Pas, (2). 

The relaase of Ca2+ ws not due to a disruption of the mitochondr ia by the 

derivatives. Studies of their ability to transfer Ca2+ to an organic 

@se demonstrate that they function as Ca2+ ionogkwes (16). 

The results mtrate that the oliganerizatia of prostaglandin Bl, 

with the fomtion of dimers, trimers a& tetramers, k&s to a mjor change 

in the biological properties of the prostqlarrlin. In addition, the 

various activities reported for poBx are apparently not due to a siryle 

component of PG& but rather represent the activities of a class of 

oliganeric forms of PGBi. It has been reported that invivo q protects 

tissues against dsmage due to isckmia (4,5,6). It will be of value to 

determine if these structurally defined derivatives have a similar effect. 
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