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the increase in C in the TCA fraction is not due to its
incorporation into amino acids and thus much of this
increased radioactivity may occur as glucose or glycolytic
metabolites. GEY, RuTisHAUSER and PLETSCHER!! have
described a rise in brain glucose in CPZ hypothermia in
rats, which they attributed to suppression of glycolysis,
but prevention of hypothermia did not abolish changes
in carbohydrate metabolism produced by CPZ12.

Zusammenfassung. Es wird gezeigt, dass Chlorpromazin
keine Verdnderung der Konzentration von Aminosduren
erzeugt, wohl aber die Inkorporation des Isotopen 4C-
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Glukose im siureloslichen Anteil des Maiusegehirns tem-
peraturabhiingig vermehrt.
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Department of Pharmacology,
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London, S.E.1 (England), 12 October 1971
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The Relationship of the Renal Vasodilator Action of Bradykinin to the Release of a Prostaglandin E-

Like Substance

Kinins have variable effects on blood vessels; viz., in
vitro comnstriction usually occurs, whereas in vivo most
vascular elements dilate, although venoconstriction is the
rulel. The diverse vascular effects of kinins are evident in
the actions of bradykinin on the fetal circulation. Brady-
kinin constricts the umbilical vessels and the ductus ar-
teriosus, and dilates the pulmonary vasculature which ef-
fects have occasioned the proposal that a kinin mediates
neonatal circulatory changes?®. If some of the effects of
kinins on blood vessels can be shown to be dependent on
release of a mediator, then their diverse vascular actions
may be made comprehensible. Postaglandins of the E
(PGE) and A (PGA) series have been suggested to be local
mediators of stimuli evoking vasodilation?® We undertook
the present study in an attempt to relate the renal vaso-
dilator action of bradykinin to the release of prostaglan-
dins. The renal circulation was selected since renal blood
flow (RBF) is highly sensitive to prostaglandins and ki-
nins%5 and the predominent renal prostaglandin, PGE, %7
is released by vasoactive hormones®.

Methods. Male mongrel dogs (22-31 kg) were anesthe-
tized with morphine sulfate (2 mg/kg, s. ¢.) and chloralose
(100 mg/kg, i.v.). The abdominal cavity was opened by a
transverse incision and a renal artery isolated. Two Hew-
lett-Packard direct writers recorded : a) mean aortic blood
pressure measured by a Statham transducer; b) RBF
measured by a Statham electromagnetic flowmeter and c)
changes in length of assay organs detected by Harvard iso-
tonic transducers. We have reported the adaptation of the
blood-bathed organ technique of VANE® for continous
assay of prostaglandins in renal venous effluent?® (Fi-
gure). In brief, 3 assays organs: rat stomach strip, rat co-
lon and chick rectum, were superfused (streaming of fluid
over assay organs) in series by renal venous blood with-
drawn by a pump at 15 ml/min and returned to the dog
via the left jugular vein. The assay organs in vitro were
superfused with Krebs solution in order to estimate con-
centrations of PGE- and PGF-like substances in purified
extracts of renal venous blood. Renal venous blood
(100 ml) was collected in ethanol before and during infu-
sion of bradykinin into the renal artery. Heparin (1500 IU/
kg) was given i.v. just prior to superfusing the assay tis-
sues. Dextran was infused i.v. at the same rate as renal
venous blood was removed. The ethanolic-blood mixture
was filtered, evaporated and the acidic lipids separated
from the neutral lipids as previously described . The aci-
dic lipids were further purified by thin-layer chromato-
graphy on silica gel layers, 0.5 mm thick, using the solvent

system: chloroform: methanol:acetic acid (18:1:1 by vol.).
Eluates from thin-layer chromatographic zones were re-
constituted in Krebs solution to make a final dilution of
0.5ml; 0.1 ml volumes of the latter were assayed in vitro
for prostaglandins. Since the minimum amount of PGE,
standard which produced a measurable response of the
assay organs varied between 0.1 and 0.3 ng, the threshold
of sensitivity of this assay system for PGE-like substances
expressed as PGE, equivalents was always 0.015 ng/ml
blood or less. Thus, the sensitivity of this assay for PGE,
is well below the threshold value of PGE, of 0.1 ng/ml
blood which increases RBF¢. The concentration of PGE-
and PGF-like substances in the eluate was determined by
bracket assay (Figure). The medians of the coefficients of
variation of the assay system were 10.9 and 12.99, re-
spectively for duplicate and replicate determinations of the
concentration of prostaglandins in the eluates. Concen-
trations of prostaglandins were not corrected for losses
(average 389,) incurred on extraction and purification.
Results. Bradykinin, given into the renal artery by in-
fusion (20 to 100 ng/kg/min) or single shot 40 ng/kg, in-
creased RBF by 16 to 1109, of control (mean increase
589,). Aortic blood pressure was unchanged from the mean
control value of 96 mm Hg. In all experiments, contrac-
tion of the assay organs bathed by renal venous blood oc-
curred in response to close-arterial administration of bra-
dykinin (Figure). Bradykinin presumably released a

1 A. P. Somyro and A. V. SomyLo, Pharmac. Rev. 22, 249 (1970).

2 K. L. MeLMon, M. J. CLiNg, T. HucHes and A. S. NiEs, J. clin.
Invest. 47, 1295 (1968).

3 E. W. HortoN, Physiol. Rev. 49, 122 (1969).

4 J. C. McGiFrr, N. A. TERRAGNO, J. C. STRAND, J. B. LEE, A. J.
Lonigro and K. K. F. Ng, Nature, Lond. 223, 742 (1969).

5 J. L. McNAy and L. I. GOLDBERG, J. Pharmac. exp. Ther. 757, 23
(1966).

8 J. B. Lex, K. Crowshaw, B. H, Takman, K. A, ATTREP and J. Z.
GougouTas, Biochem. J. 705, 1251 (1967).

7 K. CrowsHAW, J. C. McGiFF, J. C. STrRAND, A. J. LoNIGrO and
N. A. TERRAGNO, J. Pharm. Pharmac. 22, 302 (1970).

8 J. C. McGrFF, K. Crowsnaw, N. A. TErRRAGNO and A. J. LonNIGRro,
Nature, Lond. 227, 1255 (1970).

9 J. R. VaNE, Br. J. Pharmac. 35, 209 (1969).

10 7, C.McGrrFrF, K. CrowsHAW, N. A. TERRAGNO, A. J. LoNIGRro, J. C.
STRAND, M. A. WiLLIAMSON, J. B. LEE and K. K. F. Ng, Circulation
Res. 27, 765 (1970).

11 7, C. McGrrF, K. CRowsHaw, N. A. TErrAGNO and A. J. LoNIGRO,
Circulation Res. 26, 27, Suppl. I, 1-121 (1970).



438

Specialia

EXPERIENTIA 28/4

Effect of bradykinin on renal blood flow, blood pressure and concentrations of PGE- and PGF-like substances in renal venous blood

Renal blood flow

Mean aortic blood

Prostaglandin (ng/ml blood)

{ml/min)= pressure {(mm Hg)=
E-like - F-like
(E4 equivalents) = (Fyot equivalents)
Control 282+40 9647 0.27+0.11 0.2740.16
Bradykinin 444161 9447 1.354-0.24 0.45-40.20
Probability levels® < 0.01 NS« < 0.01 NS«e

2 Values are mean+S.E.M. for 10 experiments in 10 dogs. Bradykinin was infused into the renal artery at 20~100 ng/kg/min (8 experiments)
or was given by single shot, 40 ng/kg (2 experiments}. * Statistical analyses were made, using the paired i-test, for experimental (bradykinin}

versus control periods. ¢ NS indicates no statistical significance.

prostaglandin(s), since PGE, standard, but not bradyki-
nin, infused directly into the extracorporeal circuit, there-
by bypassing the kidney, reproduced the effects of intra-
arterial administration of bradykinin on the assay organs.
The effects of bradykinin on RBF, blood pressure and
concentrations of PGE- and PGF-like substances in renal
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Effects of bradykinin (BK) injected into the renal artery (IRA) on
mean aortic blood pressure {(BP), renal blood flow and assay organs
superfused by venous blood of the same kidney in a chloralose-anes-
thetized dog. PGE, standard infused into the extracorporeal circuit
(IBB) matched the contractions of the assay organs produced by
infusion of bradykinin IRA. The time of collection of renal venous
blood is indicated by the black bar. PGE zones of chromatographed
extracts of this blood produced contractions of the assay organs
superfused by Krebs solution similar to PGE, standards (lowest
panel: in vitro assay). Thus, the renal vasodilator action of brady-
kinin occurred simultaneously with the appearance in renal venous
blood of a substance having the properties of PGE,. RSS, rat stomach
strip; RC, rat colon; CR, chick rectum; TLC, thin-layer chromato-
graphy.

venous blood determined by in vitro assay are shown in
the Table. Bradykinin increased the concentration of a
PGE-like substance in renal venous blood 5-fold: range
0.25 to 2.17 ng/ml. Bradykinin produced variable and in-
significant changes in the concentration of a PGF-like
substance (Table).

Discussion. The variable action of kinins on blood ves-
selsImay be the consequence of direct and indirect actions,
the latter determined by the release of a prostaglandin.
There is compelling evidence that the action of bradykinin
on effector organs depends partially on indirect effects
resulting from release of mediators12. This proposal has
been considerably strengthened by the recent demonstra-
tion that aspirin, which blunts some of the vascular ac-
tions of kinins 12, inhibits the synthesis of prostaglandins1®.
The present study, although suggestive of an indirect ac-
tion of bradykinin on RBF, cannot exclude a complemen-
tary or even antagonistic direct effect of bradykinin. Final
identification of PGE, as the mediator of the bradykinin-
induced renal vasodilation awaits definitive chemical veri-
fication which was precluded in the present study by the
extremely small concentration of a PGE-like substance
in renal venous blood. However, several observations sug-
gest that this material is PGE,; viz., a) PGE, is the pre-
dominant renal prostaglandin®?; b} the substance tenta-
tively identified as PGE, in renal effluent has been cha-
racterized by argentous thin-layer chromatography as the
more unsaturated prostaglandin of the E series?, PGE,;
and c) PGE, when infused intra-arterially at a rate which
produced concentrations in renal blood comparable to
those of a PGE-like substance evoked by bradykinin, in-
creased RBF similarly to the kinin%. The selective release
by bradykinin of PGE,, a vasodilator, and its failure to
release PGF,« which constricts some vascular elements4
provide additional evidence albeit inferential, that the re-
lease of PGE, by bradykinin is substantive to its vasodi-
lator action. We cannot comment on the participation of
the third renal prostaglandin, PGA,, in the renal vasodila-
tor action of bradykinin, since PGA, having negligible
smooth muscle stimulating activity cannot be measured
by the assay method. However, PGA, has only /5 the re-
nal vasodilator potency of PGE, and may be largely arti-
factual®. Some of the objections to assigning physiological
or pathological roles to kinins?! such as functional vaso-
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ditation?® or carcinoid flush??, respectively, may be ans-
wered if the activity of kinins on blood vessels depends on
release of a mediator(s) having similar or even antagonistic
actions to kinins18.

Zusammenfassung. Nachweis, dass Bradykinin den re-
nalen Blutstrom um 58%, der Kontrollwerte (282 4 40 ml/
min) erhéht und gleichzeitig im vendsen Nierenblut die
Konzentration einer Substanz, welche die physicochemi-
schen und biologischen Eigenschatten eines Prostaglan-

1% K. D. BrooLA, J. MorLEY, M. ScHAcHTER and L. H. SMAjE, J.
Physiol., Lond. 179, 172 (1965).

17 J. A. OatEs, W. A, PeTTINGER and R. B. Docror, J. clin. Invest.
45,173 (1966).
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dins der E-Serie besitzt, steigert, wobei die Konzentration
einer PGF-dhnlichen Substanz unveridndert blieb.

N. A. TERrRAGNO, A. J. LoNigro, K. U. MALIK and
J. C. McG1rr

Departments of Pharmacology and Gynecology and
Obstetrics, The Medical College of Wisconsin,

567 Novth 15th Street, Milwaukee (Wisconsin 53233, USA),
78 October 1971.
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Service and the Missouri and American Heart Associations. We
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Effect of 5-Hydroxydopamine on Uptake and Content of Serotonin in Rat Striatum

The synthetic phenylethylamine derivative 5-OH-dop-
amine is able to act as a false transmitter, i.e. it can re-
place norepinephrine in the storage vesicles® 2 and is re-
leased from sympathetic nerves!. The advantage of 5-OH-
dopamine in animal experiments is its intense osmiophilic
property, so that the replacement of norepinephrine can
be observed with the help of the electron microscope. Like
L-dopa, the analogue 5-OH-dopa is also decarboxylated to
the respective amine, i.e. 5-OH-dopamine. It is known
that treatment of several species with L-dopa causes a
decrease in the serotonin (5-HT) content of brain?-S,
which might be due to enhanced release®? and meta-
bolism3 of 5-HT. Therefore, it was of interest to know
whether 5-OH-dopa acted similarly to r-dopa. The sero-
tonin content of the striatum was measured in rats after
treatment with 5-OH-dopa. Further, the influence of
5-OH-dopamine on the uptake of tritiated serotonin by
striatal tissue slices of rats was studied in vitro.

Materials and methods. 1. In the in vivo experiments
(male Sprague-Dawley rats, 120-150 g} 5-OH-dopa was
injected twice in a dose of 400 mg/kg i.p. 15 and 4 h before
decapitation. The serotonin content of rat striatum was
determined according to the method of SNYDER et al.8.

2. In vitro, striatal tissue slices of rats, prepared ac-
cording to McILwaIN et al.?, were incubated at 37°C in a
glucose Ringer’s solution with addition of 0.2 mg/ml as-
corbic acid and under constant gas supply (95% O,, 5%
CO,). After 10 min of pre-incubation *H-serotonin (spec.
activity 8.5 C/mM, Radiochemical Center, Amersham)
was added to the incubation medium to obtain a final

concentration of 5.9 x10-7M, After 30 min of incubation
the slices were rinsed in fresh buffer and blotted with filter
paper. The slices were weighed and solubilized in 0.5 ml So-
luene T4, (Packard Instr. Co. Inc.). Radioactivity of
each tissue slice was counted in a liquid scintillation spec-
trometer (LS-200B, Beckman). The uptake of *H-5-HT
was determined by calculating the tissue to medium ratio
of the isotope after correction by the external standard ra-
tio method. 5-OH-dopamine was added after the preincu-
bation period in concentrations of 0.001-1.0 mg/ml.

3. For electron microscope preparation, the incubated
tissue slices (see above) were rapidly fixed in glutaraldel-
hyde fixative with phosphate buffer (pH 7.4) for 1h. They
were then washed in phosphate buffer and post-fixed in

1 H. THOENEN, FExperimentelle Medizin, Pathologie und Klinik
(Springer-Verlag, Berlin 1969), vol. 27, p. 32.

2 J. G. RicuarDs and J. P. TRANZER, Experientia 25, 53 (1969).

3 G. M. Evererr and J. W. BORCHERDING, Science 768, 849 (1970).

4 G. BArRTHOLINI, A, PLETSCHER and W. P, BURKHARD, J. Pharm.
Pharmac. 20, 228 (1968). )

5 A. BERTLER and E. RosENGREN, Experientia 75, 382 (1959).

¢ M. KarRoBATH, J.-L. D1az and M. O. HurTtuNEN, Europ. J. Phar-
mac. 74, 339 (1971).

7K.Y. NG, T. N. Cuasg, R. W, CoLBurn and I. J. Korin, Science -
170, 76 (1970).

8 S. H. SNYDER, J. AxELroD and M. Zwetg, Biochem. Pharmac. 74,
831 (1965).

? H. McILwaiN and R. RopnNicur, Practical Neurochemistry (Chur-
chill, London 1962}, p. 109.

Uptake of 3H-serotonin (5.9 X 10~7M) by striatal tissue slices of rats in vitro under the influence of 5-OH-dopamine

5-OH-dopamine (ug/ml)

Control 1000 500 10 1
Uptake ratio x + S.E.M. 11.85 4-.0.87 3.75 4- 0.15 4.06 4 0.26 6.86 + 0.47 9.37 4- 0.37
No. of experiments 15 10 13 12 8
% of control 100 32 34 58 79
P : < 0.001 < 0.001 < 0.001 < 0.02

For details, see methods. p was calculated according to the Student’s -test.



