Vol. 124, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
October 15, 1984 Pages 69-74

RAT RENAL MEDULLA POSSESS HIGH CAPACITY TO CATABOLIZE PRODSTAGLANDINS
E.Speziale,N.Spezisle,S.Lugo and M.Gimeno
Centro de Estudios Farmacolbgicos y de Principios Naturales (CEFAPRIN),

Consejo Nacional de Investigsciones Cientificas y Técnicas (CONICET).
Serrano 665/669. (141k) Buenos Aires,Argentina

Received August 13, 1984

Summary.Prostaglandin E2 is converted te 15-kato-13,14 dihydro prostaglan-
din Ez.15—k¢tn-proataglandin F2acand 15-keto-13, 14 dihydro prostaglandin Fp
o, by supernatants from rat kidney medulla.The main psthuay fer prostaglan-
din E2 inactivation is the combined action of 15 hydroxy dehydragenass and
A13 reductsse enzymes.9-Keto-reductase route constitutes s minor pathway.
Prostaglandin Fy is converted into 15-keto-praostaglandin Fy , 15-keto-13,
14 dihydro prooiaglandin Fyn and 15-keto-dihydro prostaglandin £3.Enzyme ac-
tivities are time and lubsgratn-cuncentr.tinn dependant.In the pressnce of
an excess of substrate,rat renal medulla inactivates 4O and 56 times more
prostaglandin E2 and prostaglandin Fy, ,respectively,than the amount which
is relessed undar bassl conditioms.These results are in contrast to the ge-
nerally accepted concapt that the kidnsy cortex is the sole site of rensl
prostaglandin catabolism,snd suggest,for the first time,that rat renal wmedu-
1lla may bha a key site for the modulation of prostaglandin levels in the kidney.
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Intraduction.Renal PGs oppase to the excessive action of the selt and water
conserving system (1).Under stresa conditions,PGE; is the principal intrarre-
nal mediastor that attenuates the renal vasoconstrictor and antidiuretic effects
of angiotensins,vasopresin and alphs adrenergic nerveus activity.Zonal redia-

tribution of renal blood flow is alsc medistad by PGEy (2).However,zonal stra-

tification within the kidney of the enzymes and cofactors that synthetized and

metabolized PGs,had been considered major determinants of their local physiolo-
gical roles.Most available information demanstrates that the main site of renal
PG catabolism,is the cortex (3).However,studies performed in other species than

the rat,(with the exception of the swine),described a distinct degradative ac-

Abbrevistions used in the text,are:PG,prostaglendin;PGE2,prostaglandin Ea;
454¥DH-PGE 2, 15-keto-13, 14 dihydro prostaglandin E2; 154-PGF 3, , 15-keto-prosta-
glandin F2¢ ; 15KDH-PGF 2¢y , 15-keta-13, 14 dihydro prostaglandin Fy. ;PGF2, ,
prosteglandin Fy, ; 15-PGDH, 15 hydroxy dehydrogenase; 13-PGR, A13 reductase;
9K-R,9-keto-reductese; 154-PGE2, 15-keto-prostaglandin E2; 154-PEF 5, , 15-keto-
prostaglandin Fy, ;9-PGDH,9 hydroxy dehydrogenase.
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tivity in the renal medulla (&4).Availeble data for the rat,under phyaiological
or pathologicel conditions,were performed using whole kidney and cortex homp-
genates,without any zonal stratification study (5-9).All this information
induced to the generally accepted concept that renal cortex is the sole site
of PG degradation from renal origin.Hence,the high levels of PGs synthetized
by papilla and medulla,would be inactivated in cortex.In contrast,here we de-
monstrate that rat renal medulla possess high capacity to catsholize PGEy and
PGF 5, ,which is enough to inactivate the PG synthetized by itself as well as

that arising from the papilla.

Materiale. [1-'“Cl-PGE2 (41.0 mCi/mmal) and [1-1"Cl.PGFp o (40.0 wCi/mmol),
were purchased from New England Nuclear (Boston,MA).Authentic standards for
PGs were the generous gift of Dr.Jahn Pike,of the Upjohn Corp.(Kalamazoo,MI).
Silica Gel G plates 0.25 mm thick,frow E.Merk,A.G.,Germany.X-ray film for
autoradingraphy,from Eatsman Kodak Co.(Rochestar,N.Y.).PGE> and PGFpqy anti-
serum, from Pasteur Institute,Paris.Al]l other chemicals and solvents were of
reagent grade.

Methods.RAssay_for PG aynthetase.After decapitation of male Wistar rats (250-
280 gf.both kidnayl were removed and maintained on ice cold Krebe’solution.
Each kidney wes cut in half through the pelvis along its longitudinal axis,
and the renal cortex,medulle and pspilla were separated by scissor and acal-
pel dissection.This procedure provide uniform and defined regions (3,10).The
tissue wes weighed to the nearest 10 mg on an snalitical balance.Tissue sli~
ces were then incubeted in a Dubnoff metabuolic shaker bath at 378C in flasks
containing 2 ml of Krebs Ringer bicarbanate buffer,with 5.5 mM of glucose,
under an atmosphere of 95% 02-5X% CO2.After 30 minutes,the supernate was removed
with Pasteur pipete,acidified to pH 3 with 1 M citric acid,and extracted three
times with two volumes of chloroform.The combined organic phases were eva-
porated under a atream of nitrogen.The recovery of the extraction procedu-
re was about 95%-98%.The residues were dissolved in 0.1 M buffer phosphate pH
7.4.0ne alicuot of the solution was used for cuantitation by radioimmunc as-
say (11).The results were compared by mesns of the Student t test,and diffe-
rences were considered statistically significant when p values were less than 0.05.

Assay for PG degqradative enzymes.The kidneys were dissected as we
previously Oescribed,washed with ice cold 0.05 M KHzP0L~NalH buffer (pH 7.4)
and immedistely homogenized in a Polytron tissue homogenizer (top speed, 10 se-
cona),in fopur voluwes of the same buffer at 0OC.PG catabolizing enzymes were
measured in a supernatasnt occurred at constant rate for 15 minutes st 20.000
g.The method for determining PG degradstive enzymes was adapted from that of
Pace-Aacisk et al (13).Aliguots of supernatant from medulla,were incubsted for
differents periods of time at 370C,with the addition of 200 pmal of b-1h¢}PGE2
(41.0 mCi/mmol),or 1-14C-PGF3, (40.0 mCi/wmol),and known smount of cold PGE2
or PGFz. ,as correspend,in a total volume af 200 ul each incubation.The reac-
tion was terminated by the addition of 1 M citric acid to pH 3,and extracted
three times with two veolumes of chloraform.The organic phass was removed and
dried under stream of nitragen.The residue was redissolved in 50 ul of chloro-
form:methanol (1:2,v/v),and applied to a silica gel G thin layer plate,which
was developed twice in ethyl acetate/isc octane/scetic acid/water,(66:30:12:
60,v/v),upper phase),ss the solvent system.Authentic standards of PBF;(r(Rfa.Z?).
PEEE (Rf=_h2), 15K-PGF 3 o (RP=.45), 15KDH-PGF 5 (RF=.47), 15K~PGE,> (Rf=.65),and
15KDH-PGE o (R*-.SS),uero co-chromatografied and visualized by spraying the co-
rresponding areas of the plate with 10X solution of phosphomolibdic acid in

70



Vol. 124, No. 1, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

ethanol,and heating at 1100C.Radicactivity from the thin layer plate zones of
the specific areas uwere determined by autorsdiography,scraped off the plate

and quantitated by counting in a liquid scintillation counter,with toluene-owmni-
fluor .4% mixture.Under the conditions used,non-enzymic decomposition was negli-
gible.Product formation was calculated from the amount of radioactivity present
in zaones wmigrating on thin layer chromatogrames,and the knowledge of the substra-
te puol size used in esach tube,with the correction of recovery for extraction and
separation.Al)l the valuss are the mean of five expariments,and are expresed as
the mean t S.E.Statistical significance evaluated by non paired Student’s t test,
and protein concentration by the method of Lowry et al (12).

Resulta,PG biosynthesis in rat renal medulls.The incubation of rat renal me-

dullary slices under basal conditions,without the addition of any cofacter,re-
sults in the production of considerable amounts of PGEy and PGFp (Fige1).The

rate of PGE2 synthesis appears to be significantly higher than PGF 3, «The spe-
cific activity for PGEy and PGFj. were 0.332 Z 0.0306 and 0.0372 * 0.0073 pmol.

1

mg prot” . min'1,respect1velv.

Time course of PGE, and PGF, _catabolism.PGE; is converted into lesa

polar and chromatographycally well resolved products after incubation with su-
pernstant of rat renal medulla (Fig. 1A) .Metabnlite 1 is identified as 15KDH-
PGEy,and represents the combined actions of 15-PGDH and 13-PGR (Fig. 4) .No 15K-
PGE, is observed in this experimental condition,indicating a very efficliaent
transformation into 15KDH-PGEj.Metabolite 2 is identified as 15KDH-PGFp ., .
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Fig.1 Convertion rate of PGE> (A) and PGF,(B) by rat renal medulla
supernatant.The incubation system consisted of supernatant,ra-
diclabeled PGE; (A) or PGF 5 (8),and known amount (0.25 ug) of
cold PGE, (A) or PGF, (B).Each point represent the mean of 5
experiments.Results are expressed as pmol of product formed
per mg of protein,

O——0 Metsbolite 1 @——@ Metabolite 2
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Since we use PGE, as substrate,the presance of metsbolite 2 involved the com-
bined action of 9K-R,15-PGDH and 13-PGR enzymes (Fig. 4).

At 5 minutes incubations,12% of the added PGE, is converted in metabolite 1,
with no metabolite 2,At 15 minutes,metabolite 1 represent 43%,and metabo-
lite 2,3.At 30 minutes,60% of the added PGE; is converted in metaboli-

te 1,and 6% in metabolite 2.

Dehydrogenase specific activity waes 12.32 ¥ 4 26 pmol.mg prut‘1. .1n'1,gnd 9K~

R specific activity was 0.71 % 0,25 pmol.mg prot™'. min” ', indicating that dehy-
drogenase pathway is the main route of PGE; inactivation,in gur experimsntal
conditions,

Using PGF,, as substrate,we obssrved an incressed transformation into metabo-
lite 2,reaching 22% at 30 minutes of incubation (Fig. 1B) .No metabolite 1 is
observed at 5 and 15 minutes of incubation,reaching 6% at 30 minutes.

The presence of metabolite 1 in this set of experiments,demonstrates 9-PGDH

activity,which converts15KDH-PGF 5, in 15KDH-PGEp (14).Probably,some of the me-
tabolite 1 present at 30 minutes,using PGE, aa substrate (Fig. 1A) ,rise from
the activity of this enzyme,which implicates 94-R pathway.The specific activi-
ty for PGF2o dehydrogenase wes 2.09 % 0.26 pmol.mg prot™ .min~ ), eignificantly

lower than the rate of PGEZ catabolism,

Influence of increasing substrate concentration on PGE> and PRFo
catabolism.Fig. 2 shows the activity profiles for the catsbolizing enzymes aa

a function of increasing concentration of substrate.iIt has been chosen 10 minu-
tes of incubstion,in arder to dafine the presence of 15KDH-PGE2 as the preduct
of the combined action of 15-PGDH and 13-PGR,with no implication of the 9-PGDM
activity (Fig 1B and Fig. 4) .The 15-PGDH activity 1s sccounted by the presence
of 15KDH-PGE7.No significant smount of 15K-PGE; ia cobserved at any concentra-
tion.On the other hand,SK-R sctivity is represented by the sum of 15K-PGF g3
and 15KDM-PGF 2y .

The profile of PGFy. cataboliam,in the presence of excess of substrate,is shown
in Fig. 3.The incubation was performed for 30 minutes,in order to define the

complete sequence of reactions (Fig. 1B) .PG dehydrogenase activity (represen-
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Fig.2 Effect of increasing PGE, concentration on 15-PGDH ac1.ivit¥ (O—0O)
and 9R-R activity z% @ ,in rat_renal medulls superna tant.The in-
Cubationa conditions are the same as in Flg.4 A,except that tracer
ﬁ_~ }-PGEz wag diluted with 5 different concentrations of unlabe-
led PGE2,and the period aof time was 10 minutes.Enzyme activity re-
present the pmel of product formed per mg of pratein.Mean value %
S.D of 5 experiments 1is represented in each point.

Fig,3 Effect of increasing PGF, concentration on 15-PGDH activity (0O—0),
[3-PGR ""'ac""uvum,anfu 9-PGOH activity (A—A) in rat :ufnfal::nef-
ulla.tach point represent the mean of 5 experiments.Incubation con-
itions are the game as in Fig.3 A,except that tracer ﬁ-“C}PGFZQ
was diluted with different concentrations of unlabeled PGFp, ,and

the periad of time was 30 wminutes.Calculation was described in Fig.
2.

©

ajaj-]

ted by the sum of 15K-PGF2(y , 15KDH-PGF 2y ,and 15KDH-PGE3),increase with the
amount of substrate within the renge of concentration of our experimental con-
ditions.Some subetrate inhibition is observed for 9-PGDH activity.This inhibi-
tion 1s likely due to 15KDH-PGF 2 ,which sccumulates during incubstion and acts
as substrate for the 9-PFGDH enzyme.

Discussion.The present information clearly indicates that rat renal medulls
possess & high rate of PG inactivation.This result is opposite with the concept
that rensl cortex is the sole site of PG cetasbolism (3).This finding is parti-
cularly important in the rat,becsuse PGE,the major PG of renal origin,constricts
the renal vasculature (16,17),1in contrsat with other species (18),and potentia-
tes the vascular response of kidney to the vasoconstrictor effect aof nerve sti-

mulation (19) and norepinaphrine infusion.
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fFig.4 Sequence of ‘ute s in the catabolism of PGE, and PGFy o of rat renal
medulla.

These local actions of PGEp makes necessary its rapid catabolism te establish

normal kidney function when,under conditions of stress eor hormonal stimulation,

8 great samount of PGs are produced.
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