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SUMMARY

Prostaglandin F,yq (PGFx) is one of the most common metabolites
of arachidonic acid {AA) in rat brain. When administered intracere-
broventricularly (i.c.v.) to rats, both AA and PGFy exert dose-re-
lated hypertensive, tachycardic and hyperthermic effects. Metabolic
alterations in the endogenous formation of some prostaglandins in
the brain-stem of spontaneously hypertensive rats (SHR) have been
reported. Therefore the central effects of AA and PGF, on blood
pressure, heart rate and body temperature were studied both in SHR
and normotensive Wistar rats (NR) under urethane-anaesthesia. The
hypertensive effect of AA i.c.v. (0.01-100 pg/rat) was larger in mag-
nitude in SHR than in NR, but there was no significant difference
in the AA-induced changes of heart rate and body temperature between
the groups. Pretreatment of NR with sodium meclofenamate (1 mg/rat
i.c.v.) antagonised the central effects of AA indicating that these
effects are not due to AA itself but to its conversion to prosta-
glandins. Unlike the effects of AA, the central hypertensive,
tachycardic and hyperthermic responses to PGF,, (0.5-50 pg/rat i.c.v.)
were significantly attenuated in SHR. The present results obtained
with AA are compatible with the previous assumption that the synthe-
sis of prostaglandins in the brain of SHR might differ from that in
NR. The results also demonstrate that the central effects of PGF,,
are reduced in SHR.

Prostaglandin Fay (PGFZQ), PGD, and thromboxane A, (TxA;) are the most com-
mon metabolites of arachidonic acid (AA) in rat brain (1,2), but PGE, and PGI,
are also formed (2,3). When administered into the lateral cerebral ventricle
(i.c.v.) of urethane-anaesthetised normotensive Wistar rats (NR), AA, PGF.a and
PGE, induce dose-related increases in blood pressure, heart rate and body tem-
perature (4,5,6), whereas PGI, lowers the blood pressure also upon central ad-
ministration (7,8). Though PGD, is the most common prostaglandin type of the
rat brain (1,3), it has only slight or no central effect on the cardiovascular
system of the rat (6,9). Recent studies have shown that the endogenous form-
ation of PGE, and TxB, is increased and the PGI,/PGE, ratio is decreased in the
brain-stem of stroke-resistant spontaneously hypertensive rats (SHR) (10). The
synthesis of PGE, and PGF,. is altered also in the brain, aorta and kidney ho-
mogenates of SHR (11). Furthermore, the hypotensive effect of intra-arterially
injected AA is attenuated in SHR (12). Recently it has been also reported that
the central pressor response to PGE, is larger in magnitude in SHR than in NR
(13), but the central effects of AA or its other metabolites than PGE, in SHR
have not been reported.
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In the present study increasing doses of AA or PGFp were administered
i.c.v. to both SHR and NR under urethane anaesthesia in order to obtain com-
plete simultaneous dose-response curves for blood pressure, heart rate and body
temperature.

MATERIALS AND METHODS

Male spontaneously hypertensive rats of Okamoto-Aoki strain, 250-330 g,l12-
15 weeks of age, were purchased from Mgllegaards Avlslaboratorier, DK-4623, L1.
Skensved, Denmark. Age-matched male normotensive Wistar rats, 290-350 g, were
used as_their controls. SHR had an average systolic blood pressure of 176 i3
mm Hg (- s.e.m.) (n=12) which was significantly greater (p<0.001) than the cor-
responding level of 140 * 5 mm Hg in NR (n=9). Heart rate in SHR (390 * 8
beats/min) was also significantly greater (p<0.05) than the corresponding level
of 360 ¥ 10 beats/min in NR. The rats were accommodated to standard ambient
conditions for at least one week before the experiments. The lights were on
from 6 a.m. to 6 p.m. and the room was completely dark during the remaining 12
hours. The temperature was kept at 22 C and the relative humidity at 40%. The
rats received standard rat pellets (Hankkija Oy, Helsinki) and tap water ad li-~
bitum. The rats were anaesthetised with urethane (1.5 g/kg intraperitoneally).
The trachea was cannulated with a polyethylene tube and the rats were allowed
to breathe spontaneously. The mean arterial blood pressure was measured from
the left femoral artery by means of a pressure transducer (Hewlett Packard 1280)
and the heart rate was calculated from the pulse waves by means of a rate com-
puter (Hewlett Packard 8812 A). The femoral vein was cannulated for intrave-
nous injections. The rats were mounted in a stereotaxic instrument and tilted
caudally so that the body formed an angle of 10 degrees with the horizontal
plane. Intracerebroventricular injections were performed as described by Paak-
kari (14). Briefly, an injection needle was introduced into the right lateral
ventricle of the brain. A polyethylene catheter, filled with the drug or con-
trol solution to be infused, was attached to the needle and the desired amount
of the solution was allowed to flow slowly by virtue of the hydrostatic pres-
sure. The infusion was stopped by closing the upper end of the catheter. The
proper position of the needle tip was ascertained at the end of each experiment
by an injection of dye (Giemsa Solution, Merck) into the cerebral ventricle.
The body temperature was measured rectally with a temperature recorder  (ELLAB
instruments, type TE 3, Copenhagen), a probe being introduced 5cm into the rec-
tum. A 60 W heating lamp was placed 20 am above the rat. Experiments on con-
trol rats showed that this distance of the heating lamp was adequate to keep
the body temperature at 36.1 * 0.3°C (mean * s.e.m.) in an ambient temperature
of 22°C.

Administration of drugs

The stock solution of AA, grade 1, 99% (Sigma Chemical Co.), 100 mg/ml,was
made in absolute ethanol and kept 4t-20°C. The dilutions were made freshly each
day in 0.9% (w/v) NaCl (saline) or in a modified Krebs-Ringer bicarbonate buffer
(NaCl 117.0 mM, KC1 2.95 mM, CaCl, 1.44 mM, KH,PO, 0.01 mM, MgSO.x7H,0 1.12 mM,
and NaHCO; 23.6 mM, pH 7.32)to simulate the concentrations found in the cerebro-
spinal fluid (15). Increasing doses of AA were injected i.c.v. in a volume of
10 pl or intravenously (i.v.) in a volume of 0.15 ml at 20-30 min intervals.
The control animals received the same volumes of the corresponding buffer solu-
tion i.c.v. and saline solution i.v. in each case.

PGF,a, 5 mg/ml (Astra), was diluted with the modified Krebs-Ringer bicar-
bonate buffer and was injected i.c.v. at 30 min intervals.

Sodium meclofenamate monohydrate (Parke, Davis & Co.) was dissolved in sa-
line and was administerered i.c.v. 20 min before the administration of AA i.c.v.



Vol. 30, No. 6, 1982 Central Prostaglandins and Hypertension 505

in order to study the influence of this agent on the central effects of AA.

The Student's t-test was used to calculate the statistical significance of
the differences between the control and experimental groups.

RESULTS

Effects of arachidonic acid

Effects of arachidonic acid in normotensive rats

Intracerebroventricularly, AA at the doses of 0.1-100 pg/rat raised the
blood pressure and heart rate, and at the doses of 1-100 ug also the body tem-
perature of urethane-anaesthetised NR. The maximum increase in blood pressure
and heart rate was achieved in 15 min. Upon intravenous administrations  the
same doses of AA had negligible hypotensive and bradycardic effects. Intrave-
nously administered AA had no significant effect on body temperature either.

(FIG 1)
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Sodium meclofenamate (1 mg/rat i.c.v.) reversed the hypertensive and
tachycardic effects of i.c.v. administered AA and almost wholly antagonised the
central effect of AA on body temperature (FIG 2).
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FIG 2

Influence of AA i.c.v. on blood
pressure (B.P.), heart rate (H.R.) and
body temperature (B.T.) in sodium meclo-
fenamate pretreated rats and their con-
trols. Sodium meclofenamate, 1 mg/rat
(¢ —@ or saline (o0—0©) was injected
i.c.v. 20 min before AA administrations.
Increasing doses of AA were administered
i.c.v. at 20 min intervals. The changes
15 min after each injection are shown.
The initial levels for B.P., H R. and B.
T. (means * s.e.m.) were 105 * 7 mm Hg,
440 * 10 beats/min and 35.7 ¥ 0.2°C in
the control group and 104 * 6 mm Hg, 450

* 10 beats/min and 35.9 ¥ 0.2°C in the
sodiun meclofenamate pretreated group.
The significance of the differences be-
tween the groups is shown by asterisks;

* p<0.0S, »# p<0.005 and -
p<0.001. Verticals bars indicate s.e.m.
Each group comprised 6 rats.

Effects of arachidonic acid in spontaneously hypertensive rats

Effect of AA on blood pressure (FIG 3)

The i.c.v. administration of AA at the doses of 0.01-100 jg/rat increased
the blood pressure of both SHR and NR in a dose-related manner. The maximzn
effect was reached 10-15 min after each injection. The AA-induced rises of
blood pressure were significantly greater in magnitude in SHR than in NR.

Effect of AA on heart rate (FIG 4)

AA at the i.c.v. doses of 0.01-100 pg/rat dose-dependently increased the

dose-related.

In SHR the AA-induced rises of heart rate were not clearly
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FIG 3

Effect of AA i.c.v. on
blood pressure in urethane-an-
T; aesthetised SHR and NR. In-
r—-——-. creasing doses of AA were ad-
ministered i.c.v.to SHR(O———O)
or NR (0—0) at 30 min inter-
T vals. The control NR (O~—n)
T ® T T received the same volume of ve-
/ O——0 hicle i.c.v. in each case. The
o /_J_ maximum changes 10-15 min af-
T+ / ter each injection are shown.
The initial blood pressure
level (mean ¥ s.e.m.) was 100

i ¥ 4 im Hg in the control MR,
100 * 4 ym Hg in NR and 109 :
I 8 mm Hg in SHR. The hypertens-

T ive effect of AA (0.1-100 pg)

——{ in NR is significant at the p<
KE/D/ 0.05 level as compared to the
control group. Differences in

\_7// 1 | | | | the AA-induced changes between

SHR and NR are shown by aster-

OO] 01 1 10 100 isk; #p<0.05. Vertical bars

: indicate s.e.m. Each group
AA (pg,r at "C~V') comprised 6 rats, except for

the control group (5 rats).
FIG 4

Effect of AA i.c.v. on
o heart rate in urethane-anaes-
thetised SHR and NR. Increas-
ing doses of AA were adminis-
tered i.c.v. to SHR (e—@) or
(o) NR (0—0o)at 30 min intervals

T / The control NR (0—u0) Teceiv-

o) ed the same volume of vehicle

—I- i.c.v. in each case. The max-
/O imm changes 10-20 min after

® each injection are shown. The
9,/ l ’ 1n1tlal heart rate level (mean
O ¥ s.e.m.) was 430 * 10 beats/
| min in the control NR, 440 %10

- beats/min in NR and 380 10

E beats/min in SHR. The differ-
ence in the initial heart rate
between SHR and NR is signif-
icant at the p<0.005 level.
The tachycardic effect of AA
(0.01-100 pg) in NR is signif-

7 L \ i ) icant at the p<0.05 level as

compared to the control group.
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Effect of AA on body temperature (FIG S)

AA induced a slight but statistically significant hyperthermic effect in
NR. In SHR i.c.v. administered AA had only negligible effect on body tempera-
ture.

FIG 5

Effect of AA i.c.v. on body
temperature in urethane-anaes-
thetised SHR and NR. Increas-
ing doses of AA were adminis-

201 tered i.c.v. to SHR (e—®) or
NR (0—0)at 30 min intervals.
The control NR (0—0) receiv-
,///// ed the same volume of vehicle
in each case. The changes 10-
]Of‘ 6/ @ 20 min after each injection
//,// are shown. The initial body
1 temperature (mean - Ss.e.m.)was
!r,/”' 35.4 $0.3°C in the control NR,
B I& DS62-02C1nNRand353—
0.3°C in SHR. The differences
in the initial body temperatu-
res are not statistically sig-
nificant. The hyperthermic
effect of AA (0.1-100 ug)in NR
-10- is significant at the p<0.05-
' L_// L1 [ 1 j 0.001 level as comgzred to the
/ control group. Differences in
0 0O (0} 1 10 100 the AA-induced changes between
SHR and NR are not statistic-
ally significant. Vertical
CV bars indicate s.e.m. Each
AA (pg/rat \C. ) group comprised 6 rats, except
for the control group(5 rats).

CHANGE IN BODY TEMPERATURE(°C)

Effects of prostaglandin FZ in spontaneously
hypertensive rats

Effect of PGF,a on blood pressure (FIG 6)

PCGF,x at the i.c.v. doses of 0.5-50 pg/rat induced a dose-~dependent rise
of blood pressure in NR. The maximum effect was reached approximately 15 min
after each injection. The administration of PGF,a at the same i.c.v. doses to
SHR did not alter the blood pressure. The initial blood pressure before the
administrations of PGF,a was significantly higher in SHR than in NR in spite of
the urethane anaesthesia.

Effect of PGF,0. on heart rate (FIG 7)
PGFx dose-dependently increased the heart rate, when administered i.c.v.

at the doses of 0.5-50 pg/rat to NR. In SHR the same i.c.v. doses failed to
affect the heart rate.
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FIG 6

Effect of PGFza i.c.v. on
blood pressure in urethane-an-
aesthetised SHR and NR. In-
creasing doses of PGF.o were
administered i.c.v. to SHR
{e—@) or NR (0—0) at 30min
intervals. The maximum changes
about 15min after each inject-
ion are shown. The initial
blood pressure (mean t s.e.m.)
was 90 - SmmHglnNRandllS
- 9 mm Hg in SHR. The differ-
ence in the initial blood
pressure between the groups is
significant at the p<0.05 lev-
el. The differences in the
PGF 0, -induced changes between
SHR and NR are shown by aster-
isks; #p<0.05 and #»#p<0.005.
Vertical bars indicate s.e.m.
Each group comprised 6 rats.

FIG 7

Effect of PGFx i.c.v. on
heart rate in urethane-anaes-
thetised SHR and NR. Increas-
ing doses of PGF:o were admin-
istered i.c.v. to SHR (e—we)
or NR (0—0) at 30 min inter-
vals. The maximum changes a-
bout 15 min after each inject-
ion are shown. The initial
heart rate (mean ¥ s.e.m.) was
430 ¥ 10 beats/min in NR and
410 * 10 beats/min in SHR. The
difference in the initial
heart rate is not statistic-

ou 311y significant. The differ-

ences in the PGFx~induced
changes between SHR and NR are
shown by asterisks; * p<0.05
and ##=% p<0.001. Vertical
bars indicate s.e.m. Each
group comprised 6 rats.
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Effect of PGF,a on body temperature (FIG 8)

PCFx, 0.5-50 pg/rat i.c.v. induced a substantial hyperthermic effect in
NR. In SHR the same doses of PGF.o. had no significant effect on body tempera-

ture
T FIG 8
Io) Effect of PGFa i.c.v. on

body temperature in urethane-
anaesthetised SHR and NR. In-
creasing doses of PGF,o wete
administered i.c.v.to SHR(® @)
or NR (¢ ©O) at 30 min inter-
vals. The changes about 15 min
after each injection are shown.
The initial body temperature
(mean ¥ s.e.m.) was 36.2 %0.3°C

‘;u in NR and 35.7 ¥ 0.3°C in SHR.

T+  The difference in the initial
,/ body temperatures between the
® groups is not statistically

II/_L significant. The differences in

_— !" the PGFx -induced changes be-
tween SHR and NR are shown by
asterisks; # p<0.05 and LA
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DISCUSSION

Arachidonic acid (AA) raised the blood pressure, when administered i.c.v.
to urethane-anaesthetised spontaneously hypertensive Okamoto-Aoki rats (SHR) or
normotensive Wistar rats (NR). These results arc¢ in agreement with our previous
findings that i.c.v. administered AA induced increases in blood pressure of NR
(4). The AA-induced hypertensive effect was larger in magnitude in SHR than in
NR. Though conscious SHR had significantly higher systolic blood pressure lev-
el than NR, there was no significant difference in the baseline mean blood pres-
sure between SHR and NR under urethane anaesthesia. AA i.c.v. increased signif-
icantly also the heart rate and body temperature in NR, but in SHR it induced
only negligible rise of body temperature and had no clear effect on heart rate.
The AA-induced changes in blood pressure, heart rate and body temperature were
not due to any leakage of this agent into the peripheral circulation but to an
action upon the central nervous system, since the same doses of AA did not af-
fect significantly the body temperature and even slightly decreased the  blood
pressure and heart rate following intravenous administrations. In the present
study the normotensive control rats were of the Wistar strain and not of the
Wistar-Kyoto strain (WKY) which is the antecedent colony of SHR (16). However,
no significant difference in the hypotensive response to intra-arterially in-
jected AA between WKY and NR was reported (12). Furthermore, the central pres-
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sor response to PGE, in NR did not differ from that in WKY but was significant-
ly greater in SHR than in WKY or NR (13). The present difference in the central
hypertensive action of AA between SHR and NR seems thus to be associated with
the high blood pressure in SHR rather than to some genetic differences between
WKY and NR. Sodium meclofenamate, an inhibitor of prostaglandin synthesis(17),
antagonised the central cardiovascular and thermal effects of AA in NR indicat-
ing that the central actions of AA were mediated by its metabolites and not by
AA itself. In a previous study the hypertensive effect of AA i.c.v. was antag-
onised by central pretreatment with indomethacin or paracetamol (18),two inhib-
itors of the prostaglandin synthesis in the brain (19). PGD,, PGF,a and TxA,
are the major metabolites of AA in the homogenates of the rat brain (1,3). High
activity of PGD synthetase has been also detected in various regions of the rat
brain (20). Since PGD, is a potent activator of the cyclic nucleotide adenyla-
te cyclase system of cultured neuroblastoma cells, the role of a neuromodulator
for PGD, in the brain has been suggested (20). However, PGD, at the i.c.v. do-
ses of 1 or 10 pg/rat had no significant cardiovascular or thermal effect in
conscious rats (9). In a previous study we obtained dose-related increases in
heart rate and body temperature of urethane-anaesthetised NR following i.c.v.
administration of 0.001-100 ypg/rat doses of PGD,, while the blood pressure re-
sponse to centrally applied PGD, was not consistent(6,own unpublished results).
The central effects of PGD, were also considerable smaller in magnitude than
those induced by the same doses of PGE, (6) or PGFa (5). Thus PGD, seems to
interfere preferentially with the central regulation of heart rate and body tem-
perature but only minimally with the central blood pressure regulation of the
rat. Imidazole, an inhibitor of TxA, synthesis (21), antagonised the central
hypertensive effect of AA in NR (18), but the central effects of TxA, itself
have not been reported. Unlike PGD,, PGFn and PGE, i.c.v. induce strong hy-
pertensive, tachycardic and hyperthermic effects in NR (5,6,22,23). However,
PGF o had no significant central effects on blood pressure, heart rate or body
temperature in SHR. Recent studies have shown that the synthesis of PGE, is
increased and the ratio PGI,/PGE, is decreased in the brain-stem of stroke-re-
sistantant SHR (10). Intracerebroventricularly, PGE, is thus hypertensive (6,
7), while PGI, induce hypotension (7,8). Since AA is the precursor of prosta-
glandins in the rat brain (2), the potentiation of the central hypertensive ef-
fect of AA in SHR might be due to an increased formation of hypertensive prosta-
glandins other than PGF,q in the brain. The recent finding by Takahashi and
Bufiag (13) that the central pressor response to PGE, was greater in SHR than in
NR further suggests that an increased receptor sensibility to PGE, or to some
other hypertensive metabolite of AA other than PGFx in the brain might contri-
bute to the strong central hypertensive effect of AA in SHR.

The tachycardic response to i.c.v. administered AA was not dose-related in
SHR. The central hyperthermic response to AA.was also negligible in these rats
However, in NR i.c.v. administered AA caused significant increases in the heart
rate and body temperature. Since the hypertensive . effect of AA i.c.v. was
significantly greater in SHR than in NR, the pressor response to AA might be
mediated by different central mechanisms than its tachycardic and hyperthermic
effects. In agreement with the present findings the hypertensive effect of
centrally administered PGE, was potentiated in SHR but not the tachycardic ef-
fect of this agent (13). The greater blood pressure effect of centrally admin-
istered AA in SHR might therefore be due to an increased formation of PGE, in
the brain, while the actions of AA heart rate and body temperature might re-
quire the synthesis of other prostaglandins.

Recent studies have shown that intra-arterial injection of AA at the doses
of 0.1-1 pmoles/kg induce significantly smaller hypotensive effect in SHR than
in WKY or NR suggesting that the release of vasodepressor prostaglandins from
blood vessels of SHR might be reduced (12). Similarly, the blood pressure low-
ering effect of intravenously administered AA, PGE: or PGI; was significantly
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attenuated in unclipped renal hypertensive rats (24). However, arterial tissue
from SHR releases more PGE2(25) and PGI:2 (26) than the vascular tissue obtained
from NR. Other studies have indicated that a defect in the renal prostaglandin
catabolism might be an important factor in the development of high blood pres-
sure in the New Zealand strain of genetically hypertensive rats (27). It has
also been reported that the synthesis of PGF.o, a strong vasoconstrictor in
rats (28), is increased in the renal papilla of SHR (29). The present results
obtained with AA i.c.v. lend further support to the suggestions that the hypo-
tensive prostaglandin/hypertensive prostaglandin ratio might be decreased even
in the central nervous system of SHR. However, the failure of PGFx i.c.v. to
induce cardiovascular and thermal effects in SHR contradicts the possibility
that an increased formation of PGFx. in the brain tissue of SHR could be asso-
ciated with the high blood pressure.

In agreement with a previous study (5) PGF.o i.c.v. induced strong dose-
related hypertensive, tachycardic and hyperthermic effects in NR., When admin-
istered i.c.v. to SHR PGF20. had no significant effect on blood pressure, heart
rate or body temperature. SHR had about 25 mm Hg higher initial blood pressure
level even during urethane anaesthesia than NR. However, there was no signif-
icant difference in the baseline values for heart rate or body temperature be-
tween SHR and NR. Recent studies have shown that the synthesis of PGFn and
the ratio PGF20./PGE2 are decreased in the brain homogenates of SHR (11). When
also the formation of PGE; is increased in the brain-stem of SHR (10), the pos-
sibility might.exist that PGE,or some other metabolites of AA other than PGF,a
in the brain are involved in the central cardiovascular and thermal regulation
of SHR. However, PGFj0 seems to be associated with the central cardiovascular
and thermal regulation in NR. The central effects of PGF, in NR are likely to
be due to an activation of the sympathetic nervous system (30,31). Moreover,
atropine antagonised the central cardiovascular effects of PGF,q in NR (22).
Cholinomimetic drugs and PGF,a both increased blood pressure and sympathetic
activity in NR, when injected i.c.v. or into the posterior hypothalamic nuclei
(30,32,33). Furthermore, cholinergic mechanisms in the posterior hypothalamus
mediated also the hyperthermic effect of prostaglandins (34). Since recent
studies have shown that the activity of the cholinergic system in the posterior
hypothalamus is decreased in SHR (35), the lack of the central cardiovascular
and thermal effects of PGFa in SHR might be due to a dysfunction of the central
cholinergic mechanisms. However, various other central mechanisms have been
also implicated in the etiology of spontaneous hypertension (33). Therefore the
present finding may warrant further investigation.

REFERENCES

1. M.S. ABDEL-HALIM, M. HAMBERG, B. SJOQUIST and E. ANGGARD, Prostaglandins
14 633-643 (1977)

2. J.E. VINCENT, F.J. ZILJISTRA and M.R. DZOLJIC, Advances in Prostaglandin
and Thromboxane Research Vol 8, P.W. Ramwell and R. Paoletti editors,pp.
1217-1219, Raven Press, New York (1980)

3. M.S. ABDEL-HALIM, I. LUNDEN, G. CSEH and E. ANGGARD, Prostaglandins 19
249 258 (1980)

4, A.-L. SIREN and H. KARPPANEN, Acta Physiol Scand. Suppl. 473 66 (1979)

5 H. KARPPANEN, A.-L. SIREN and A. ESKELI-KAIVOSOJA, Prostaglandins 17
385-394 (1979)

6. A.-L. SIREN, Acta Pharmacol. Toxicol. 49 (Suppl I) 87 (1981)

7. K. KONDO, T. OKUNO, T. SARUTA and E. KATO, Prostaglandins 17 769-774
(1979)

8. A.-L. SIREN, Naunyn-Schmied. Arch. Pharmacol. Suppl. 313 R45 (1980)

9. R. BRUS, Z. S HERMAN and R. SZKILNIK, Pol. J. Pharmacol. 32 681-684
(1980)




Vol. 30, No. 6, 1982 Central Prostaglandins and Hypertension 513

10.
ll.
12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

22.
23.

24,
25.
26.
27.
28.

29.
30.
31.
3Z.

33..

34.
35.

E. OHTSU and T. MATSUZAWA, J. Nutr. Sci. Vitaminol. 26 343-347 (1980)
(H. TAUBE, A. FAHR and W. FORSTER, Prostaglandins and Thromboxanes, W.
Forster editor, pp. 303-310, VEB Gustav Fischer Verlag, Jena (1981)

P. LUKACSKO, E.J. MESSINA and G. KALEY, Hypertension 2 657-663 (1980)

P. TAKAHASHI and R.D. BUNAG, Hypertension 3 426-432 (1981)

I. PAAKKARI, Experientia 36 887-889 (1980)

K. DIEM and C. LENINER, Documenta Geigy-Scientific Tables (7th ed.), pp.
635-636, Ciba-Geigy Ltd., Basle (1971)

K. OKAMOTO and A. AOKI, Jap. Circ. J. 27 282-293 (1963)

R.J. FLOWER, Pharmacol. Rev. 26 33-67 (1974)

A.-L. SIREN and H. KARPPANEN, Prostaglandins and Thromboxanes, W.Fdrster
editor, pp. 231-236, VEB Gustav Fischer Verlag, Jena (1981)

R.J. FLOWER and J.R. VANE, Nature 240 410-411 (1972)

T. SHIMIZU, N. MIZUNO, T. AMANO and O. HAYAISHI, Proc. Natl. Acad. Sci.
76 6231-6234 (1979)

P. NEEDLEMAN, A. RAZ, J.A. FERRENDELLI and M. MINKES, Proc. Natl. Acad.
Sci. 74 1717-1720 (1977)

R. BRUS and J. ZABAWSKA, Pol. J. Pharmacol. 28 455-462 (1976)

J.A. SPLAWINSKI, Z. GORKA, E. ZACNY and B. WOJTAZEK, Plfiigers Arch. 374
15-21

R.G.M. TEN BERG, W. DE JONG and F.P. NIJKAMP, Br. J. Pharmac. 68 519-
524 (1980)

R. QUIRION, F. RIOUX and D. REGOLI, Can. J. Physiol. Pharmacol. 56 509-
511 (1978)

C.R. PACE-ASKIAK, M.C. CARRARA, G. RANGARAJ and K.C. NICOLAOU, Prosta-
glandins 15 1005-1012 (1978)

J.M. ARMSTRONG, G.J. BLACKWELL, R.J. FLOWER, J.C. MC GIFF, K.M. MULLANE
and J.R. VANE, Nature 260 582-586 (1976)

D.W. DU CHARME and J.R. WEEKS, Prostaglandins-Proceedings of the 2nd
Nobel Symposium, S. Bergstrtm and B. Samuelsson editors, pp. 173-181,
Stockholm (1966)

I. AHNFELT-RONNE and E. ARRIGONI-MARTELLI, Biochem. Pharmacol. 27 2363-
2367 (1978)

G. FEUERSTEIN, S.A. ADELBERG, I.J. KOPIN and D.M. JACOBOWITZ, Brain Res.
Bull. 6 203-207 (1981)

C.S. SWEET, P.J. KADOWITZ and M.J. BRODY, Eur. J. Pharmacol. 16 229-232
(1971)

J.J. BUCCAFSQO and H.E. BREZENOFF, Brain Res. 165 295-310 (1979)

Y. YAMORI, A. OOSHIMA, A NOSAKA and K. OKAMOTO, Spontaneous Hypertension
K. Okamoto edotor, pp. 73-78, Igaku Shoin Ltd., Tokyo (1972)

B. COX and P. LOMAX, Ann. Rev. Pharmacol. Toxicol. 17 341-353 (1977)
C.J. HELKE, E.A. MUTH and D.M. JACOBOWITZ, Brain Res. 188 425-436 (1980)






