The Role of Prostaglandin in the Renal
Concentrationdilution Mechanism
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BIEN 70 A ¥ 75> Y (Prostaglandin, PG) & & h@s 2L T02. AETE, W
FEAEHFIR R L £ > (Antidiuretic hormone, ADH) #EH¥ 2 RBHEARKOE PG 0BE£H S »
TR OOBREE{To7. BERALLISA Fishberg BREARFR 2 ERHL, M L ORP PG B
B HEtEE 7 VA 4 L2 7 v 4 (Radioimmunoassay, RIA) THIEL 7z, & 1 RIEIC48RERABIAKL
BRiTOZORIETOR PG BEL | Hkltd s B¥FE, #E, AEHBHOMR PG &% FKLER
rarbru—ABETREL 7. & T, PGE2 ORGHEME Y, RERVRIBERE L\ IEDQ B
Enasht:. —75, PGF2a ORI, ZoMKEL, BEEOMTROECHEMB RS 1.
INASDERIE, BAERESSNL, -l IMWTRRICB VT, SEHBALER, Re PGE2 8
LU PGF2 o OB L HEME DI R PGF2a /PGE2 kO BEED LR 27 DLEOBERE, £~
7o Fishberg EiEARRBIEOR PG OEL L IZERKETH 7. RROBHM PG FETIE, FiK
KREBOALFERTHOA PGF2a /PGE2 i, 9> b u—nBIOEBWEL, ZOBEIXIR PGF2a/
PGE2 o FROBE L IZZRARE CH>7. REMFE - SEOMKETIE, PGE2-9Ketoredactase

(PGE2-9KR) EMMIE LAY R W E SN ZHLEMNT, PGR2a EE L ERRET2HERL Y, PGF2e
»%, PGE2 m o BEES s N AJREMMNEZ S iz, —F, R Cyclic adenosine 3, 5-monophos-
phate (Cyclic AMP), Cyclic guanosine 3’, 5-monophosphate (Cyclic GMP) DBiAMLE Iz & 2%t
i3, BESEECHA L0 K L, Cyclic AMP &, trLAEE ML, Cyclic GMP W TET
bt ZOFERIE, WK ADH 7%, Adenylcyclase-Cyclic AMP %% L T H5McFIRICIER L

TuhIe®RLTWE. #->T, £ MRRATIE, WEAM ADH BEEORET T, ADH O EfEMA
A‘KLLTEZ) 22 GEE T, PGF2a /PGE2 Lt LR L, #FRUMRICRBMENT WS, ZOZ &l PGF2a
, REBEAREE CEELRHER LTS I EREREL TV 2.

Key words antidiuretic hormone, renal concentration-dilution mecha-
nism, urinary prostaglandin, tissue prostaglandin, urinary
cyclic nucleotides

EINE NS B e I A A (Prostaglandin, R, MENEME, £4%, Henle {2 @ thick
PG) 13, BEEE 5T AT 10 % , 1967 ascending limb & Uf thin descending limb 7 & T
#, Lees,™z & b, PGE2, PGF2a, PGAZ 5y EEESNZZERHoMIINT VS, 2D BE
B, R s, Bdis WA BlzBuTid, RETEESNS L0, BMRE, RRkEs@E,

PG el CﬁLgUDFsﬁfﬁfﬁﬁiﬁﬂT’fiﬂcéiLéz’, IR LoriEtemELEEEF LT, ~HHET

Abbreviations ; ADH, antidiuretic hormone ; AVP, arginine vasopressin ; Cyclic AMP,
cyclic adenosine 3’, 5-monophosphate ; Cyclic GMP, cyclic guanosine 3’, 5-monophos-
phate ; dDAVP, deamino-8-D-arginine vasopressin ; PG, prostaglandin; PGE 2, PGF 2«
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Fig.1. Five-day schedule of experiment. Male rabbits were housed in metabolic cages
and had free access to food. A 48-hour period of ad libitum water intake was
followed by a 48-hour period of water deprivation. Samples were collected during

the latter 24 hours of each 48-hour period.

Inner
zone

(papilla)

Cortex Medulla

Fig. 2. Preparation of kidney samples. The
central section of each kidney was cut out by
removing the poles and shaving off the
ventral and dorsal sides of the kidney until a
wedge-shaped portion of the kidney remained.
The dark reddish brown cortex was divided
from the lighter medulla, and the medulla
divided into the outer and inner (papilla)
zone.

EEsR? L0, BEOMF, Na, Cl OFBR,
HFIR &V E > (Antidiuretic hormone, ADH) nE
SREEAORGICEERL T2 L FEASRT
(AR

ADH & PG OB{fz D Tix, Orloff 5%,
19654 in vitro BB TRE L7z, Thbb, # 7B
MR- ADH @i L 5 @D o h i
B AR - 2 AGE R 12, PGEL 2Nz 3
CrizkniEEns I EERELALZ EIZBLE
%. & 52, Zusman »%E, ¥ 7 i A A
FREH e R AR Y A - EHER ST e Bt et o
ADH o+ 2 RIS a8+ 2 2 L 2L )
in vivo 2B LT H, Berl &%, u b &zixT o
bz PG ARMER 285 L7z L & ADH OfFHiz
R RS 2 L RBEL, fth, Fejes- Toth 5715,
K BT L SRR RIS A R A v E TR L
WEPE ADH fERDEEmA®RE L. Z4d ) fif 48 e
5 PG »t ADH oISt 8ET 5 ~RIT L LT
BLTWwE eI

Afrge i, ADH AT B LR A RO H

PG OEE W ST B b ORE £ HO

PG (A+B), prostaglandin E 2, F 2a, A+B: PGE 2-9KR, prostaglandin E 2-9ketoredac-
tase ; RIA, radioimmunoassay ; TALH, thick asending limb of henle.
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changes in urine volume during the period.
The lower panel shows the changes in urinary
osmolality during the same test period.

Fig.5. Changes in urinary PG concentration. The left panel shows the changes
in urinary PGE2 concentration during the test, and the right panel shows the
changes in the urinary PGF2«& concentration during the same period. PGE2
and PGF2a concentrations changed significantly during the test. *P<0.05. P
values refer to differences from start by ANOVA followed by Dunnett’s
multiple comparison.
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Fig. 6.

Changes in urinary PG excretion.

urinary PGE2 excretion during the test.
appeared to be closely dependent on urine flow rate.
the changes in urinary PGF2« excretion during the same period.
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The left panel shows the changes in
The changes in PGE2 excretion
The right panel shows
In contrast

to PGE2, urinary PGF2a excretion is shown to be less affected by the urine

flow rate. *p<0.05.

P value refers to difference from start by ANOVA

followed by Dunnett’s multiple comparison.




FRIEWE - THREBIC B U738 PG 0BE 639

L.

9. RETOWMERE

k& 3.2—4.0kg (F¥ 3.6kg) DHABBBEURR
BEEA, FRBRSE Yy - THETL, BHERKK
v B E A RHE U TERT 2 BRI24RERERIR 21T, 2
WTEHBHSERHERT T, fkemi L7 2R
9 BRE24RSRIERRR 21T o7 (K1), 203 5 8T
DL TIHERBE IS, RV FALE S — LEERT
TEEEEEL, TRHESHICFA 7T, BE. B
g OLEO 3OS AYL LD (F2). ficxt
BE L L CHBERK, BEHAMERTCHEEL LA
AOGBERTEEBAOREEOFEIC TEABRORR
T,

II. AEFZE

1. R PG HIE

R PG 3, ARSYOHFICHELCREL . B
BUTRIZR B ARLEPIZ-200CUU T I EERE
L. WEOEAMCER THEL, 2500rpm, 5 SRR

]
1

IS
1

Urinary PGF,_/E, ratio
o
1

B
=
E
34 g
>
2
2 4 400
14 200
N\
-2 -1 2 3 4
waterdeprived water-loaded phase
phase

Time course (hr)

Fig.7. The ratio of urinary concentrations of
PGF2a to PGE2 during the test. During
water deprivation when the endogenous ADH
level was high, the maximal value of this
ratio was 5.71+1.04. This value significantly
decreased to a minimum of 1.54%0.22 during
the water-loaded period when the endogenous
ADH level was low. *p<0.05. P values refer
to differences from start by ANOVA followed
by Dunnett’s multiple comparison.
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THRLL. FEEZDRER, ANOVA, Dunnett’s
multiple comparison, Wilcoxon rank sum test,
Mann-Whitney U test, fHB§s 4712 & - T p<0.05 %
FEEZEHDELL.
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Fig.8. Urinary PG concentration vs urinary osmolality. In the left panel, the

correlation between PGE2 concentration and urinary osmolality is shown,
indicating the urinary PGE2 concentration increased on an almost straight line
parallel to urinary osmolality (r=0.432, p<0.001, n=66). As shown in the right
panel, urinary PGF2« concentration increased exponentially to changes in
urinary osmolality (r=0.843, p<0.001, n=66). The blank circles indicate
water-deprived phase data and the solid circles indicate water-loaded phase

data.
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Urinary PG excretion vs urine flow rate. In the left panel, the

correlation between PGE2 excretion and urine flow rate is shown, indicating
the urinary PGE2 excretion increased on an almost straight line parallel to
urine flow rate (r=0.692, p<0.001, n=66). As shown in the right panel, urinary
PGF2a excretion increased on an almost straight line parallel to urine flow
rate (r=0.273, p<0.05, n=66). The blank circles indicate water-deprived phase
data, and the solid circles indicate water-loaded phase data.
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hour TH D, HWREF 1 B5HIE 168+ 34.0ml/hour, 2
BFfE T 499.6+£72.6ml/hour L BEEEL 2D D%
ETLTwo7.

—ARBEETE, RELUOBE 2R L, BHERR
& 869.1+40.1mOsm/kgHO T, HFR2BHE TR
{£ 129.5+48.2mOsm/kgHLO & & -7,

4 i, Fishberg ##EAEIFD ADH Ot %5
7. HEBA/%K,. ADH ik, 2 ADEHET
0.8pg/ml T, 128RIGI KB DOBEIL, 1.8pg/ml T
TERL, AEFH 05pg/ml $ TETL, 20%E
CEREL.

2. PGE2, PGF2a OfERHIZAL

Fig.10. The correlation between ratio of uri-
nary PGF2« to PGE2 and urinary osmolality.
The ratio appears to increase almost expo-
nentially in relation to urinary osmolality
(r=0.723. p<0.001, n=66). The blank circles
indicate water-deprived phase data, and the
solid circles indicate water-loaded phase data.
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Fig.11. Changes in body weight and serum osmolality. the left panel shows the
changes in the rabbits’ weight during the experiment; the right panel shows
the changes in the serum osmolality. The rabbit’s weight was reduced by an
average of 9%, and serum osmolality increased from an average of 301 to 313

mOsm/kgH20 after dehydrat

ion.

**p<0.01. P values refer to differences from
control by milcoxon rank sum test.
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fR PGE2 /€13, BiERRZE 164.2237.6pg/ml »
5, WS 2 BERTE RIE 44.4+7.3pg/ml CEECH
ALt (p<0.05). —FH, R PGF2a BEIL, Bigm
BE 856.0-£193.4pg/ml 5 FHEE 2 BB RE
65.7+11.9pg/ml WWEEICED L (p<0.05). (F
5)

PGE2 HEit=iz, M6 RT Lo, BEBRE
4.8+1.5ng/hour & RE (B2 5 7) OEINC—]
LTiEmL, AR 2EME &S 1941 4.2ng/hour
ot FOBREORAELELICEBLUL. —F
PGF2 a DHRBMBREREOCH E L 34T L & —F¥
+, BERBICBLTT T2 D DEOHER S
M, BEEBIZIELPHEMURERD & & b2 PGF
2a OFEMBEIEEI L.

PGE2, PGF2a ORFHEM X, DB >k

Fig.12. The change in urine volume by dehy-
dration. Daily urine volume changed from an
average of 123ml to 71lml: 42%reduction after
dehydration. **p<0.01. P value refers to
difference from control by wilcoxon rank sum
test,
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Fig. 13. Changes in PG concentration by dehydration. The effect of dehydration
on urinary concentration of PGE2 is shown on the left, and urinary PGF2a

concentration on the right.

PGE2 concentration increased fourfold after

dehydration, while PGF2a concentration increased sevenfold. **p<0.01. P
values refer to difference from control by wilcoxon rank sum test.
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LA BICE R ERERC (p<0.01) EiL .

R PGF2a /PGE2 thid, BikdlEwx XD, 16.2+%
3.84533.9+8.8L M2 EDFEL (p<0.05) LH
ot (H15).

3. BH# PGE2, PGFR2a S 88 & UMEMA
PGF2a /PGE2 LD Z1L

Fig. 14. The changes in PGE2 and PGF2a excretion by dehydration. PGE2
excretion doubled (left), and PGF2a excretion increased fourfold after
dehydration (right). **p<0.01. P values refer to differences from control by

wilcoxon rank sum test.
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Fig.15. The ratio of urinary concentrations of

PGF2a to PGE2 during the experiment. The
ratio increased significantly from 16.2+3.8 to
33.9+8.8 after dehydration. *p<0.05. P value
refers to difference from control by wilcoxon
rank sum test.
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Fig.16. The effect of dehydration on renal tissue content of PGE2.

dehydration, the PGE2 content of the cortex and medulla tended to increase,
while the content of the papilla tended to decrease, although not significantly.
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Fig.17. The effect of dehydration on renal tissue content of PGF2« . The
PGF2a content remained stable in the cortex and medulla, but tended to

increase in the papilla.
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Fig. 18. The change in the ratio of PGF2a to PGE2 by dehydration in the renal
tissue. In the papilla, there was a significant increase in the PGF2«a /PGE2
ratio, but no significant change in the ratio was observed in the cortex or
medulla. **p<0.01. P value refers to difference from control by Mann-Whit-

ney U test.
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urine volume decreased, cyclic AMP increased significantly.

**p<0.01. P

values refer to difference from control by wilcoxon rank sum test.
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Abstract

Prostaglandin has a variety of effects on the function of the kidneys. The present study
was undertaken to examine the role of renal prostaglandin on the concentration-dilution
mechanism mediated by ADH. The Fishberg concentration-dilution test was done in 11
healthy subjects. PGE2 and PGF2 a concentrations in hourly urine samples were measured
by RIA. In further experiments using rabbits, PGE2 and PGF2a concentrations were
measured in both the urine and renal tissue (cortex, medulla, and papilla) of rabbits
deprived of water for 48 hours. In the human study, the changes in urinary PGE2
excretion during the water deprivation and water loading appeared to be on a straight line
parallel to that of the urine flow rate and of the urine osmolality. On the other hand, the
correlation between urinary PGF2a excretion and the urine flow rate was weak and
PGF2 a concentration rose exponentially as urine osmolality increased. As a result, the
PGF2 « /PGE2 ratio also rose exponentially. There was no significant difference between
males and females. The animal study with rabbits confirmed that, as in humans, the
concentration and excretion of urinary PGE2 and PGF2a significantly increased after
water deprivation, and the ratio of PGF2a to PGE2 also significantly increased. Within
the renal tissue, significant increase in the PGF2a /PGE2 ratio was found only in the
papilla, and not in the medulla or cortex. Furthermore, this increase closely paralleled the
increase in the urinary PG ratio. Although PGE2-9 ketoredactase (PGE2-9 KR) has been
cited as a possible influence on the ratio of PGF2a to PGE2, this is unlikely in the
present case because the action of PGE2-9 KR is minimal in the papilla. Instead, PGF2 &«
may be produced directly from PGH2. During water deprivation, with decrease in urine
volume, cyclic AMP significantly increased, while cyclic GMP did not change significantly.
Therefore it appears that endogenous ADH triggers antidiuresis through action on the
Adenylcyclase-cyclic AMP system. The results suggest that the ratio of PGF2a to PGE2
increases in the renal papilla of subjects with a high antidiuretic hormone level, and this is
reflected in the increase in the PGF2 a /PGE?2 ratio in the urine. PGF2a thus appears to
have an important role in the control of renal concentration and dilution.



