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Rectal temperature.

F(2r98)=8.07, p<.001, revealed that Tr values generally

decreased over the three sampting intervals from 37.7oC to

37.60C collapsed across placements and across BP status. No

significant differences vtere found between PVI'I and NPVN

animals or between NT and HT animals.

A Sampling Interval effect,

Oxyqen consumption. À three-way Placement x BP Status x

Sampling Interval ef fect, F(2r96)=5.75, p<.004 vlas obtained,

and is illustrated in Figure 5. Post-hoc analyses revealed

that the oxygen consumption or VO2 values for the PVN-NT

group were significantty higher at al1 three intervals than

either the PVN-HT, NPVN-NT, or NPVN-HT groups. No

significant differences were found between PVN and NPVI,I

between NT and HT groups, or over the three sampling

intervals across all groups.

Rauwol/Sa1 baseline
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Mean arterial blood pressure. No significant differences

were found between PVN and NPVN animals or across the three

sampling intervals. Howeverr âD overall difference was

found between NT and HT animals, F(1,34)=7.83rP<.008' when

collapsed across placements, across the three sampling

intervals, and across Rauwol or Sal pretreatment. The MABPs

of NT animals increased by 1.62% from 1 30 mm Hg at predrug

baseline to 131 mm Hg and the MABPs of HT animals decreased
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by 1.70% from 194 mm Hg at predrug baseline to 181 mm Hg.

Furthermore, a Placement x BP Status interaction,

F(1 r34)=11.02, p<.002, indicated that, regardless of. whether

Rauwol or SaI was administered' MÀBP increased in PVN-NT

animals, while having no change or decreasing in the PVN-HT'

NPVN-NT and NPVN-HT groups. Finally, a three-way Placement

x BP Status x Rauwol/Sal interaction, F(1,34)=4.58, p<.04,

was observed, and is illustrated in Figure 6. Post-hoc

analyses revealed that, regardless of whether Rauwol or SaI

was administered, the increases in the MABPs of the PVN-NT

group were greater than for the PVN-HT group. Following

Rauwol administration, the change in MÀBPs for the PVN-NT

group vras greater than the change for the NPVN-NT group.

Rectal temperature.

F(2r90)=20.24r p<.001, was found with rr values decreasing

by 0.17%, to 0.49% from the first to the third interval

af ter SaI or Rauwol administration, collapsed across PM'I and

NPVN placements, across NT and HT animals, and across

Rauwol/Sal pretreatment. These percentage changes

represented decreases from 37.60C at predrug baseline to

37.60 c to 37.50 C following Rauwol or Sal administration.

No signif icant differences v¡ere found between PVN and NPVN

animals or between NT and HT animals. AIsor Do differences

between the administration of Sal or Rauwol across all

groups were found.

À Sampling interval effect,
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Oxyqen Consumption.

F(2r88)=6.03, p<.003, was found with vOz increasing from

1.26%, to 4.12% from the first to the third interval

following administration of either SaI or Rauwol, collapsed

across placements, across BP status, and across Rauwol/Sat

pretreatment. These percentage changes represented

increases f rom 1 .91 rnl o r/g/h at predrug baseline to 1 .93 ml

oz/g/n to 1.97 mI oz /g/n. No dif ferences vtere f ound

between PVN and NPVN groups or between NT and HT groups.

Clonidine administration

À Sampling Interval effect 
'

Mean arterial blood pressure.
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F(1r34)=6.03, p<.019, indicated that cloni'line a 0.36%

increase in MABP for the the PVN animals (from 156 mm Hg at

nauwol/Sal baseline to 157 mm Hg) that differed from the

1.89% decrease observed for the NPVII animals (from 156 mm Hg

at Rauwol/ SaI baseline to 152 mm Hg) when collapsed across

BP Status, the three doses of clonidine, the twelve sampling

intervals, and across Rauwol/Sat pretreatment. Furthermore t

a BP Status effect, F(1 ,34)=5.74, 2<.022, revealed that

clonidine's overall effect on MÀBP depended on whether it

was NT or HT in status. Specifically, the MABPs of the NT

animals decreased by 1.81%, from 131 mm Hg at Rauwol/Sat

baseline to 128 mm Hg, and that of HT animals increased by

only 0.38%, to 181 mm Hg. Finally, a Rauwol/sat effect,

À Placement effect '
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F(1 r34)=12.71, p<.001, and a RauwoI/SaI x Sampling Interval

effect, F(1 r34)=12.71, p<.001 ' suggested that Rauwo1

buffered, and perhaps even reversed, the overall depressor

effect obtained with clonidine administration (rigure 7).

Pretreatment with Rauwol increased MÀBP from 1 53 mm Hg at

the RauwoI/SaI baseline to 154 mm H9, wheras pretreatment

with sal decreased MABP from 159 mm Hg at the Rauwol/Sal

baseline to 155 mm Hg. Post-hoc analyses revealed that

animals pretreated with Rauwol generally had higher MABP5

than animals that did not receive Rauwol. These differences

between Rauwol and Sa1 pretreatment occurred primarily

between 50 and 100 min after clonidine administration.

Rectal temperature. A significant overall Clonidine Dose

ef fect, F(2r90)=14.92r P<.001, s¡as obtained when Tr values

were collapsed across placement' BP statusr across

Rauwol/Sa1 pretreatment, and across the twelve sampling

intervals. Post-hoc analyses revealed that clonidine

administration resulted in a dose-dependant decrease in Tf,

with the 20 nmol dose producing a decrease of up to 1.29%,

from 37.5o C at Rauwol/ SaI baseline to 37.4o C. Àn overall

Sampling Interval effect, F(1 1,495)=12.5, P<.00f indicated

that Tr decreased to a maximum of 0.95%, from 37-soC at

Rauwol/Sat baseline to 37.1oC 70 min after administration of

clonidine. Post-hoc analyses revealed, however, that this

decrease occurred largely by 30 rnin after the clonidine
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injection, since there were no differences between the

sampling intervals after the first 30 min. Similarlyr âo

overall Ctonidine Dose x Sampling Interval interaction

effect, F(22r990)=3.56: p<.001, was also found (rigure 8)

indicating that the 0 nmol dose decreased Tr by a maximum of

0.36%, f rom 37.sog at Rauwol/Sa1 baseline to 37.3o C, at 70

min after clondine administration. The 1 nmol dose

decreased Tr by a maximum of 0 -93%, from 37 .5oC at

Rauwol/Sal baseline to 37.2o C, at the last sampling

interval suggesting that Tr $ras still decreasing at 2 h

after administration of clonidine. The 20 nmol dose

produced decreases in Tr of up to 1.66%, from 37.5oC to

36.8o C, but these decreases reached a maximum at the end of

the first hour after clonidine administration. At the end

of testing, there was no significant differences between the

decreases produced by the 1o dose and those produced by the

hi dose, suggesting that the effects of the hi dose had

reached asymptote.

significanL Placement x BPStatus x Clonidine Dose,

F(2r90)=4.59, g<.013, and Placement x BPStatus x Clonidine

Dose x Sanpling Interval, F(221990\=2.15, g<.002'

interactions revealed that, although a dose dependant

hypothermic effect was found in NPVN-NT animals, no such

ef f ect v¡as f ound in NPVN-HT animals (Figure 9 ) . Both the

lnmol and 20 nmol doses of clonidine produced hypothermic
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effects in PVN-NT animals in comparison to the 0 nmol dose"

The 20 nmol dose produced a large hypothermic effect in

PVN-HT animals but the effects of the 1 nmol dose $Iere not

different from those for the 0 nmol dose. À significant

BPStatus X Rauwol/sat x Clonidine Dose x Sampling Interval

effect, F(22r990)=1.83, p<.012, was found and is illustrated

in Figure 10. this effect revealed that, when collapsed

across placements, decreases in Tr attribuable to the 20

nmol dose vrere attenuted by Rauwol in NT animals, but stere

apparently potentiated in HT animals.

Oxvsen consumption. À Sampling Interval effect, F(11,

484)=29.11¡ p<.001, indicated a progressive increase in vO2,

such that by the end of the testing session, VOz had

increased by 13.18%, f rom 1.97 mI oz/g/h to 2.21 m1 oz/g/h

from baseline. A Placement x BP Status effect'
F( 1 ,44)=5.94, p<.01 9, was found when collapsed across

Rauwol/SaI pretreatment, the three doses of clonidine, and

the twelve sampling intervals. This effect indicated the

VOz values for the NPVN-NT, PVN-NT, and PVN-HT groups were

suppressed relative to the NPVII-HT group (nigure 1 1 ) . A

similar suppression was also apparent over time in a

Placement x BP Status x Sampling Interval effect,

F(11 ,484) =3.3r p<.001, when collapsed across all other

groups. FinalIy, a Placement x Rauwol/Sat x Clonidine Dose

x Sampling Interval effect, F(22r968)=2.14, p<.002, when
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collapsed across BP Status. This effect showed that the 1

nmoL and 20 nmol doses of clonidine tended to suppress VO2

in PVN animals that had not been pretreated with Rauwol,

although this suppression was only exhibited in t.he second

hour after administration of clonidine. No such suppression

was obtained in PVI,I animals that were pretreated with

Rauwol, or in NPVN animals.

Discussion

A number of observations are apparent upon examination of

the results for the predrug baseline data. The first

observation is Èhat the application of a clip to the renal

artery was successful in inducing hypertension, whereas

sham-operated animals $¡ere indeed normotensive. The second

observation is the finding that there were no thermal or

MABP dif ferences between PVI'I and NPVN animals suggesting

that placement of cannulae in the PVN or areas adjacent to

the PVN did not produce abnormal changes in Tr or MABP. The

third observation is that there were no differences between

the three days of testing suggesting that pharmacological

manipulations administered on one day did not cause any

changes that could influence subsequent testing. AIl these

observations suggest that the subjects in this study were

healthy, viable animals. The results from the Rau/SaI

Baseline analyses suggest that the dose of Rau used (l

mg/kg) in this study did not have any effects on its own
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that were different from those produced by saline in the

3O-min period between its administration and the

administration of clonidine.

The administration of clonidine into the PVIrI produced a

negligibte increase in MÀBP, whereas there was a somewhat

larger decrease in MÀBP for the NPVI{ animals. Similarly,

there vras a small increase in MÀBP in HT animals following

clonidine administration and a larger decrease in NT

animals. Rauwol pretreatment resulted in a general increase

in MÀBP, whereas animals pretreated with SaI exhibited lower

MABPs. The physiological relevance of these effects is
questionable, however, since they represent changes of 1 to

4 mmHg. Thus, overall, clonidine injected into PVN or NPVN

areas, in NT or HT animals, did not produce relevant effects
with the present methodology. À numer of possible

mechanisms can account for the lack of BP effects found in

this study. The first one involves parvocellular descending

autonomic fibers that terminate at the IML in the spinal

cord. These descending projections may be modulated by NE

since Decavel et al (fggZ) observed NE immunoreactive bodies

in parvocellular areas. Porter and Brody (f986) have shown

that electrical stimulation of the parvocellular neurons in

the PVN results in selective vasoconstriction in the

mesentery and renal regions while there was an increased

flow to hindquarter regions (Porter & Brody, I985). The
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investigators observed that sino-aortic baroreceptor

deafferentation resulted in an enhancement of the selective

vasoconstrictor responses found in baroreflex-intact rats

suggesting that this reflex buffers effects of parvocellular

stimulation. It is possible, therefore' that the

administration of clonidine could result in stimulation of

descending fibers to the IML and cause selective

vasoconstriction in some vascular beds. BP, under these

conditionsr Rây change very litt1e since the baroreflex arc

wiIl attempt to buffer any pressor effects that may result

from increasing sympathetic activity. Secondly, a number of

studies that have examined the effects of clonidine on

specific hypothalamic nuclei have infused clonidine, instead

of microinjecting it, resulting in longer-Iasting responses.

Therefore, the results of this study do not exclude the

possibility that clonidine produced short latency responses

within ten minutes after administration. Thirdly' it is

possible that the doses used in this study are not effective

in eliciting relevanL cardiovascular responses, but higher

doses may be able to elicit such responses.

Clonidine microinjections produced hypothermic effects in

both the PVN and NPVN areas. In NT animals, PVlil or NPVN

injections of clonidine produced dose-dependant hypothermic

effects $¡ere found. However, in HT animals, clonidine only

produced a hypothermic effect v¡hen injected into the PVN but
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not in NPVN areas. Furthermore, this hypothermic effect
only occurred with the high, 20 nmol dose of clonidine.

Interestingly, the three groups in which clonidine produced

hypothermic effects, the NPVN-NT, PVN-NT, and PVN-HT groups,

also exhibited a suppression in metabolism.

Clonidine-induced hypothermic effects in NPVN areas

(thougtr only for NT animals) are not unexpected since such

responses have been found following clonidine administration

into a number of hypothalamic areas. Injection of clonidine

into the anterior hypothalamic nucleu has been shown to

result in hypothermic effects (Myers, BelesIin, & Rezvani,

1987). Both the posterior and ventromedial nuclei have been

implicated in thermoregulation and posterior nucleus has

further been implicated in the cardiovascular effects of

clonidine (pfr:.f ipu, DemmeIer, & Roensbergr I974) . The

finding in this study that the hypothermic effect in NPVN

animals s¡as accompanied by a suppresssion of metabolism

suggests that clonidine was able to exert coordinated

thermal responses in a number of areas outside the PVN.

PVN injections of clonidine produced hypothermic effects
and suppression of metabolism. These results support the

hypothesis that alpha-2 receptors in the PVN may mediate

thermoregulatory and metabolic variables. A possible

mechanism that may account for clonidine's hypothermic
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effect and suppression of metabolism when it is administered

into the PVì{ involves the Porter and Brody study described

earlier. Clonidine may be able to stimulate descending

autonomic fibers from the parvocellular regions of the PVN'

and elicit a selective vasoconstriction, resulting in the

shunting of blood avfay from the core or hindquarter region

to more peripheral vascular beds and a corresponding

decrease in Tr.

Clonidine produced differentiat hypothermic responses in

NT animals than in HT animals. When clonidine vras in jected

into NPVN areas, a dose-dependant hypothermic effect

occurred in NT, but not in HT animals. However, when

injected into the PVN, the hypothermic effect of the 20 nmol

dose of clonidine vras potentiated in HT animals in

comparison to NT animals. This increased thermal reactivity

to PVN alpha-2 receptorS has never before been demonstrated

in the IK-GB model, although this model doses exhibit an

increased pressor reactivity to general alpha stimulation
(nyda, 1987). The results of the present study suggest that

the alpha-2 receptor population in the PVN of IK-GB animals

is somehow altered. this alteration may involve an

up-regulation of alpha-2 recepÈors leading to greater

responsiveness following stimulation.



PVN Clonidine

56

A further difference between NT and IK-GB animals occurs

in the response to the 20 nmol dose of clonidine following

pretreatment with Rauwol. Rauwol blocked the decrease in Tr

produced by the 20 nmol dose in NT animals pretreated with

SaI. However, in HT animals, Rauwol potentiated the effects

of the 20 nmol dose of clonidine in comparison to HT animals

pretreated with SaI. These results suggest a generalIy

altered alpha-2 receptor population in IK-GB animals

compared to the NT control animals.

To summarize, the results of the present study suggest

that clonidine injected into the PVN on in NPVN areas of HT

or NT animals did not produce physiologically relevant

changes in BP. These results suggest that the doses of

clonidine, the microinjection paradigm, or the temporal

parameters of the measurement of BP utilized in this study

may be responsible. Àn alternate explanation for the lack

of effects in PVN animals involves parvocellular descending

autonomic fibers. Stimulation of these fibers by clonidine

may have produced a sefective vasoconstriction in various

vascular beds $rithout causing an overall change in BP,

Clonidine injected into the PVN or NPVN areas of NT animals

produced dose-dependant hypothermic effects. Pretreatment

with Rauwol blocked the hypothermic effects of the 20 nmol

dose in NT animals. This same dose injected intÓ the PVN of

IK-GB animaÌs produced a strong hypothermic effect that was
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not present when this dose of clonidine was adrninistered

into NPVN areas. Furthermore, the hypothermic effect

observed in HT animals was potentiated when animals were

pretreated with Rauwol. Hypothermic effects following

clonidine administration into NPVN areas are not unexpected,

since such effects have already been demonstrated. The

hypothermic effects following clonidine administration into

the PVN may again involve parvocellular autonomic fiber

stimulation, causing a selective vaSoconstriction such that

blood is shunted avray from the core and hindquarter region,

resulting in a decrease in Tr. The greater hypothermic

effect in HT animals following clonidine administration

alone or with Rauwol pretreatment SuggeStS an altered

alpha-2 receptor population in the IK-GB model of

hypertension.

Future studies should examine the specific mechanisms

underlying the effects of PVN alpha-2 stimulation found in

this study. Additionally, the altered alpha-2 receptor

population in IK-GB hypertensive animals, particularly the

PVN, requires further examination, as does the presence of

such altered receptor populations in other models of

hypertension.



Beckman, A.r. (f970). Effect of intrahypothalamic

norepinephrine on thermoregulatory responses in the rat.

Àmerican Journal of Phvsioloqv, U, I596-1604.

Bengis, R.G., & Coleman, T.G. (f979). Àntihypertensive

effect of prolonged blockade of angiotensin formation in

benign and malignant one- and two-kidney Goldblatt

hypertensive rats. CIinical Science, 57, 53-62.

Benetos, 4., Gavras, r., & Gavras, H. (1986).

Norepinephrine Applied in the Paraventricular

Hypothalamic Nucleus Stimulates Vasopressin Release.

Brain Research, W, 322-326.

Bennett, A.F., & Ruben, J.À. (f979). Endothermy and

activity in vertebrates. Science, M, 649-654.

Boissier, J.R., & Giudicelli, J.F., Fichelle, J.'

Schmitt, H. , 6, Schmitt, H. ( 1958 ) . Cardiovascular

effects of

2- (2, 6-dichlorophenylamino ) -Z- imidazol i ne-hydrochlor ide

(st I55) I. Peripheral sympathetic system. European

Journal g! Pharmacoloqv' 2, 333-339.

Bolme, P., & Fuxe, K. (1971). Pharmacological studies in

the hypotensive effects of clonidine" European Journal

of Pharmacoloqv, 13, 168-174.

Boulant, J.A. (I98I) . Hypothalamic mechanisms in

thermoregutation. Federation Proceedinqs , 40 , 2843-2850.

References

PVN Clonidine

58



PVI*Î Clonidine

59

Boulant, J.À., & Hardy, J.D. (f974). The effect of spinal

and skin temperatures on the firing rate and

thermosensitivity of preoptic neurons. Journal of

Phvsioloqv, 4, 639-660.

Bousquet, P., & Feldman, J. (f986). The blood pressure

effects of alpha-adrenoceptor antagonists injected in the

medullary site of action of clonidine: the nucleus

reticularis lateralis. Life Science, 40, I045-1052.

Bousquet, P., Feldman, J., Bloch, R., & Schwartzr J.

(I98I). The nucleus reticularis lateralis: a region

highly sensitive to clonidine. European Journal of

Pharmacoloqv, 69, 389-392.

Bousquet, P. , Feldman , J. , Ve1ly , J. , & B1och, R. (1975) .

Role of the ventral surface of the brain stem in the

hypotensive action of clonidine. European Journal of

Pharmacofoqv , 34, 15I-156.

Brody, M.J., Fink, G.D., Buggy, J., Haywood, J.R., Gordon,

F.J., & Johnson, A.K. (f 978). The role of the

anteroventral third ventricle (evgv) region in

experimental hypertension. Circulation Research , Ð-,

r2-r13.

Brown, T.C., Davis, J.O., OIichney, J"J., & Johnston, C.I.
(1966). Relation of plasma renin to sodium balance and

arterial pressure in experimental renal hypertension.

Circulation Research, 18, 475-483.



PVÌ,I Clonidine

60

Buggy, J., & Fink, G.D. (I982). Experimental renal

hypertension. In: F.M. Radzialowski (Ed. ) ' Hvpertension

Research. Methods and Models (pp. 344-391).

Bunag, R.D., & Ef erakeya, A.E. (f 976). Immediate

hypotensive after-effects of posterior hypothalamic

Iesions in awake rats with spontaneous, renal or

DOCA-hypertension. Cardiovascular Research, ![, 663-671.

CaIaresu, F.R., & Cirie1lo, J. (198la). Renal afferent

nerves affect discharge rate of medullary and

hypothalamic single units in the cat. Journal of the

Autonomic Nervous Svstem, 3, 3II-320.

Calaresu, F.R., & ciriello, J. (198Ib). ÀItered

concentration of catecholamines in the hypothalamus of

the rat after renal denervation. Canadian Journal of

Phvsioloov and Pharmacoloqv, 59, 1274-L277.

CaIaresu, F.R., & CirielIo, J. (1980). Projections to the

hypothalamus from buffer nerves and NTS in cats.

Àmerican Journal of Phvsioloqv, Æ, RI30-136.

CarlisIe, H.J. , 6. Laudenslager, M.L. (f 979). Observations

on the thermoregulatory effects of preoptic warming in

rats. Phvsioloqv and Behavior, &, 723-732.

Cantor,4., & Satinoff, E. (I976). Thermoregulatory

responses to intraventricular norepinephrine in normal

and hypothalamic damaged rats. Brain Research, 108,

r25-r41.



PVN Clonidine

61

Christensen, N.J., & Galbo, SH. (1983). Sympathetic

nervous activity during exercise. AnnuaI Review of

Physioloqv , 45, I39-I53.

Ciriello, J., & Calaresu, F.R. (I980a). Role of

paraventricular and supraoptic nuclei in central

cardiovascular regulation in the cat. Àmerican Journal

of Phvsioloqv, U, Rl37-142.

CirieIlo, J., & Calaresu, F.R. (1980b). Hypothalamic

projections of renal afferent nerves in the cat.

Canadian Journal of Phvsioloqv and Pharmacoloqv, 58,

57 4-47 6.

Chung, J.M., Chung, K., & Wurster, R.Ð. (f 975) "

Sympat.hetic preganglionic neurons of the cat spinal cord:

horseradish peroxidase study. Brain Research, 9I,

r26-131.

Constantine, J.W., & McShane, W.K.

cardiovascular effects of

2- Q, 6-dichlorophenylamino ) -2-imidazoline hydrochloride

(Catapres). European Journal of Bh-ar¡eg-oloql¿' 4'

109-r23.

Coote, J.H. , & MacLeod, v.H. (1974) . The inf luence of

bulbospinal monoamínergic pathways on sympathetic nerve

activity. J-ournal of Phvsioloqv, 4L, 453-475-

Cowley, 4.W., & Liard, J.F. (1988). Vasopressin and

arterial blood pressure regulation. Hvpertension 11

(Suppt 1 ): r-25 I-32.

(I968). Ànalysis of the



PVN Clonidine

62

Dahlstrom,4., & Fuxe, K. (1964). Evidence for the

existence of monoamine-containing neurons in the CNS. I.

Demonstration of monoamines in the cell bodies in brain

stem neurons. Acta Phvsioloqica Scandinavia, Q, 1-55'

Dampney, R.A.L. ' & Moon, E.A. (f 980). RoIe of

ventrolateral medulla in vasomotor responses to cerebral

ischemia. American Journal of Phvsioloqv, 4, H349-358.

Dampney, R.A.L. ' Goodchild, 4.K., Robertson' L.G. ' &

Montgomery, W. (1982). Role of ventrolateral rnedulla in

vasomotor regulation: a correlative anatomical and

physiological study. Brain Resea¡:ch, Æ, 223-235'

Dargie, H.J., Franklin, S.s., & Reid, J.L- (f 977). Plasma

noradrenaline concentrations in experimental renovascular

hypertension in the rat. Clini.cal Science and Molecular

Medicine , 52, 477-483.

Decavel, C., Geffard, M., & Calas, A. (1987). Comparative

study of dopamine-and noradrenaline-immunoreactive

terminals in the paraventricular and supraoptic nuclei of

the rat. Neuroscience Letters, U, 149-154.

DeQuattro, v. r Eide, I., Myers, M.R., Eide, K., Kollach, R',

& r.Thigham, H. ( I978 ) . Enhanced hypothalanic

noradrenaline biosynthesis in Goldblatt I renovascular

hypertension. Clinical Science and Molecular Medicine,

55, 109s-111s.



PVN Clonidine

63

Dubocovich, M.L., & Langer, S.z. (1973). Effects of

flow-stop on the metabolism of 3H-noradrenaline released

by nerve stimulation in the perfused cat's spleen.

Naunvn-Schmiedeberq's Àrchives of Pharmacologv, U,
L79-194.

Eide, I., Myers, M.R., DeQuattro, V. r Kolloch, R., Eide, K.,

& whigham, M. (1980). Increased hypothalamic

noradrenergic activity in one-kidney, one-cIip

renovascular hypertensive rats. Journal of

Cardiovascular Pharmacoloqv, Z, 833-84I.

Farah, M.B., Langer, S.Z. (f974). Protection by

phentolamine against the effects of phenoxybenzamine on

transmitter release elicited by nerve stimulaiton in the

perf used cat hearL. British Journal of Pharmacoloqv, 2,
549-557.

Ferrario, C.M. (I974). Contribution of cardiac output and

total peripheral resistance to experimental renal

hypertension. American Journal of Phvsioloqv, 226,

7LI-7L7.

Fregly, M.J. (f954). Effects of extremes of temperatures

on hypertensive rats. ðEeIlçen Journal of Phvsioloqv,

176, 275-281.

Fyda, D.M. (f987). The influence of One-Kidnev Goldblatt

hypertension and cold acclimation on

adrenerqicallv-induced cardiovascular and



PVN Clonidine

64

thermorequlatorv adiustments in rats. Doctoral

Dissertation, university of Manitoba, winnipeg, Manitoba,

1987.

Goldblatt, H., Lynch, J., Hanzelr R-F. r & SurnmerviIIe, W.

(1934). Studies on experimental hypertension. I. The

production of persistent elevation of systolic blood

pressure by means of renal ischemia. Journal of

Experimental Medicine, Ð, 347-379.

Goldman, C.K., Marino, L., & LeibowS-tz, S.F. (1985).

postsynaptic alpha-2-noradrenergic receptors mediate

feeding induced by paraventricular nucleus injection of

norepinephrine and clonidine. European Journal of

Pharmacolosv, !þ, t1-19.

Guieu, J.D., & Hardy, J.D. (f970). Effects of heating and

cooling of the spinal cord on preoptic unit activity.

Journal of Applied Phvsioloqv, D, 675-683.

Guyenet, P.T. , & Cabot, J.B. (f981). Inhibition of

sympathetic preganglionic neurons by catecholamines and

clonidine: mediation by an alpha-adrenergic receptor.

The Journal of Neuroscience' I(8) , 908-9l-7.

Henning, M. (1969). Noradrenaline turnover in renal

hypertensive rats. Journal of Pharmacoloqv and Pharmacvt

2I, 61-63. Hilton, S.M., & Spyer, K.M. (f971).

Participation of the anterior hypothalamus in the

baroref lex arc. Journal of Phvsioloqv, U, 27L-293.



PVN Clonidine

65

Hokfelt, T., Fuxe, K., Goldstein, M., & Johansson, O.

(L974). Immunohistochemical evidence for the existence

of adrenaline neurons in the rat brain. Brain Research,

66, 235-25r.

Hosoya, Y., & Matsushita, M. 0979). Identif ication and

distribution of the spinal and hypophysial projection

neurons in in paraventricular nucleus of the rat.

Experimental Brain Research, 35, 315-33I.

Howe, P.R.c. (1985). Blood pressure control by

neurotransmitters in the medulla oblongata and spinal

cord. Journal of the Autonomic Nervous Svstern, 12,

95-r15.

rmai, Y., Nolan, P., & Johnston, C. (1986). Tachycardic

and hypertensive effects of centrally administered

clonidine in conscious rats. CIinicaI and Experimental

Hvpertension- Theorv & Practice, 44, 239-258.

ISaac, L. (1980). Clonidine in the central nervous system:

site and mechanism of hypotensive action. Journal of

Cardiovascular Pharmacoloqv' 2' S5-SI9.

Itoh, S. (1968). Effect of vasopressin on Iipid

metabolism. In: Integrative Mechanisms of Neuroendocrine

System, Hokkado Univ. Sch" Med., Sapporo, 175-197"

Johnson, À.K., Buggy, J., Fink, G.D., & Brody, M.J. (f 981).

Prevention of renal hypert.ension and of the central

pressor effect of angiotensin by ventromedial

hypothalamic ablation. Brain Research, M, 255-264.



PVN Clonidine

66

Jarrott, 8., Lewis, S. r Conway, E.L., Summers, R' r & Louis,

w.J. (1984). The involvement of central alpha

adrenoceptors in the anti-hypertnsive action of

methyldopa and clonidine in the rat. clinical and

Exprimental Hypertension- Theorv and Practice, Àq(1c2),

387-400.

Kannan, H., Nii jima, A. ' & Yamashita, H. (f 987).

Inhibition of renal sympathetic nerve activity by

electrical stimulation of the hypothalamic

paraventricular nucleus in anesthetized rats. Journal of

the Autonomic Nervous Svstem, 21, 73-80.

Katholi, R.8., Winternitz, S.R.' & OpariI, S. (I98I)'

Decrease in symapthetic nervous system activity and

attenuation in response to stress following renal

denervation in the one-kidney' one-c1ip Goldblat't

hypertensive rat. Clinical and Exprimental Hvpertension,

A4(4&5) , 707-716.

Katholi, R.E., Winternitz, S.R., & OpariI, S. (1982).

Decrease in peripheral sympathetic nervous system

activity following renal denervation or unclipping in the

one-kidney, one-c1ip Goldb}att hypertensive rat. Journal

of CIinicaI Investiqations, Q, 55-62

Kawasaki, H.' & Takasaki, K. (I986). Central alpha-2

adrenoceptor-mediated hypertensive response to clonidine

in conscious, normotensive rats. Journal of Pharmacoloqv

and Experimental Therapeutics, 236, 810-818'



PVN Clonidine

67

KeIIar, K.J., Quest, J.4., Sper, 4.C., BuIIer, A', Conforti,

A. , Dias Souza, J.D. , & GiItis, R.A. (1985) '

Comparative effects of urapidil, prazosin' and clonidine

on ligand bincing to central nervous system receptors,

arterial pressure, and heart rate in experimental

animals. American Journal- of Medicine, oct. 5' 87-95.

Kiss , J .2. ( 1988 ) . Dynarni sm of Chemoarchitecture in the

Hypothalamic Paraventricular Nucleus. Brain Research

Bulletin , Ð, 699-708.

K1upp, H., Knappen, K., Otsuka, Y., Strel1er, I1, &

Teichmann, H. (1970). Effects of clonidine on central

sympathetic tone. European Journal of Pharmacoloqv, 10,

2?.5-229.

Kobinger, W., & Walland, A. (1967). Investigations into

the mechanism of the hypotensive effect of 2-(216

dichlorophenylamino ) -2- imidazol i ne hydrochlor ide .

European Journal of Pharmacologv, 2, 155-1-62'

Kumada, M., Dampney, R.A.L., & Reis, D.J. (1979) ' Profound

hypotension and abolition of the vasomotor component of

the cerebral ischemic response produced by restricted

Iesions of the medulla oblongata: relationship to the

so-ca1led tonic vasomotor center. Circulation Research,

45, 63-70.

Langer, S.Z. (f981). Presynaptic regulation of the release

of catecholamines. Pharmacoloqical Reviews, 32, 337-362'



PVN Clonidine

68

Ledingham, J.M., & Cohen, M.B. (f 964). Changes in

extracellular volume and cardiac output during the

development of experimental renal hypertension. Canadian

Medical Àssociat-ion Journal , Ð, 292-294.

Leenen, F.H.H., 6. deJong, W. (1975). P1asma renin and

sodium balance during development of moderate and severe

renal hypertension in rats. Circulation Research, þ,

r79-r86.

Leibowítz, S.F., Jhanwar-Uniyal, M., Dvorkin, B' r & Makman,

M.H. (1982). Distribution of alpha-adrenergic,

beta-adrenergic and dopaminergic receptors in discrete

hypothalamic areas of the rat. Brain Researchr 4l ,

97 -tr4.
Levine, H.J. (ea. ) . ( f976) . Clinical cardiovascular

phvsioloov. New York: Green & Shatton Publ.

Lipski, J., & Trzebski, A. (1975). Bulbo-spinal neurons

activated by baroreceptor afferents and their possibte

role in inhibition of preganglionic sympathetic neurons.

Pfluqers Archives' 356' 181-192.

Livingston, À., Low, J. r 6. Morris, B. (I984).

clonidine and xylazine on body temperature.

Jqr[¡eÀ of Pharmacv, 8I, 189-193.

Loewy, À.D., & Burton, H. (1978). Nuclei of the solitary

tract: efferent projections to the lower brain stem of

the cat. Journal of comparative Neuroloqv, 4, 42L-450.

Effects of

British



Loewy, À.D. , McKellar, S. t

projections from the À5

intermediolateral ce11

309-314.

Matsumura, K., Nakayama, T., & Ishikawa, Y. (I983).

Effects of preoptic thermal stimulation on electrical

activities of neurosecretory cells in paraventricular and

periventricular nuclei of the hypothalamus. Brain

Research, M, 330-333.

Mogilnicka, E., KIimek, V., Nowak, G. ' & Czyrak, À. (1985).

Clonidine and beta-agonists induce hypertherrnia in rats

at high ambient temperature. Journal of Neural

Transmission , 63, 223-235.

McAllen, R.M., NeiI, J.J., & Loewy, A.D. (f 982) - Ef fects

of kaninic acid aPplied to the ventral surface of the

medulla oblongata on vasomotor tone, the baroreceptor

reflex and hypothalamic autonomic responses. Brain

Research, U, 65-76.

McKellar, S., & Loewy, A.S. (f979). Spinal projections of

noradrenaline-containing neurons in the rat-

Neurosc ience Àbstracts, 5, 344-350.

Mora, F., Lee, T.F., & Myers, R.D. (1983). Involvement of

alpha- and beta-adrenoceptors in the central action of

norepinephrine on temperaturer metabolish, heart and

respiratory rates of the conscious primate. Brain

Research BuIletin, IL, 613-615.

& Saper, C.B.

catecholamine

column. Brain

PVN Clonidine

69

(I979). Direct

cell group to the

Research , W,



PVN Clonidine

70

Morishima, M.S., & Gale, C.C. (f972). Relationship of

blood pressure and heart rate to body temperature in

baboons. American Journal of Phvsioloqv, 4, 387-395.

Myers, R.Ð. (1970). The role of hypothalamic transmitter

factors in the control of body temperature. In J.D.

Hardy, À.P. Gagge, 6( A.J. StoIwi jk (eds. ) , Phvsioloqical

and behavioral thermorequlation (pp. 648-666).

Springfield, I1L.: C.E. Thomas PubI.

Myers, R.D., Beleslin, Ð.8, & Rezvani, A.H. (I987).

Hypothermia: role of alpha-I and alpha-2 noradrenergic

receptors in the hypothalamus of the cat. PharmacoloqY '
Biochemistrv and Behavior, þ, 373-379.

Nay1er, W.G., Price, J.M., Stone, J., & Lowe, 1.8. (f 969) '

Further observations on the cardiovascular effects of

St155 (Catapres). Journal of Pharmacoloqv and

Experimental Therapeutics , W, 364-373.

Nayler, W.G., Rosenbaum, M., Mclnness, J., & Lower T'E'

(1966). Effect of a new hypotensive drug, St155' on the

systemic c i rculat i on . Amer ican Heart Journal , f2,
7 64-77 0 .

Onesti, G., Schwartz, 4.8., Kim, K.E., Paz-Martinez, V', &

Swartz, G.H. (f971). Ànti-hypertensive effects of

clonidine. Circulation Research , 28(Suppl. Z) , 53-67 '

Ozawa, H., Chen, C.-S., Watenable, M.r & Vematsur T.

G977) . Ef f ect of clonidine on blood pressure, heart



PVN Clonidine

71

rate and body temperature in conscious rats. Japanese

Journal of Pharmacv, 4, 47-54.

panneton, W.M., & Loewy, À.D. (f980). Projections of the

carotid sinus nerve to the nucleus of the solitary tract

in the cat. Brain Researchr !!Àr 239-244'

paxinos, G., & I.ratson, c. (1982). The rat Brain in

stereotaxic coordinates. Toronto: Academic PreSs.

petras, J.M., 6, Cummings, J.F. Ã972). Àutonomic neurons

in the spinal cord of the rhesus monkey: À correlation

of the findings of cytoarchitectonics and sympathectomy

with fiber degeneration following dorsal rhizotomy.

Journal of Comparative Neurolosv, 146, I89-218'

petty, M., & Reid, J. (1977). Changes in noradrenaline

concentration in brainstem and hypothalamic nuclei during

the develoment of renovascular hypertension. Brain

Research, !1E-, 376-380.

Petty, M.À., & Reid, J.L. ¡979). Catecholamine

synthesizing enzymes in brainstem and hypothalamus during

the development of renovascular hypertension'

Brain Research, ]r[3, 277-284-

PhiIippu, 4., Ðemmeler, R. ' 6. Roensberg, G. (1974) '

Effects of centrally applied drugs on pressor responses

to hypothalamic stimulation. Naunvn-Schmideberq's

Archives of Pharmacoloqv , 282, 389-400 '



PVll Clonidine

72

porter, J. R., & Brody, M.J. (f986). A Comparison of the

Hemodynamic Effects produced by electrical stimulation of

subnuclei of the paraventricular nucleus. Brain

Research , W, 20-29 -

Przuntek, Yl , Guimaraes, S. , & Philippu, À' ( I971 ) '

Importance of adrenergic neurons of the brain for the

rise of blood pressure evoked by hypothalarnic

stimulation. Naunvn-schmideberq's Archives of

Pharmacoloqv, U, 311-319.

Rand, M.J., & Wilson, J. (f968). Mechanisms of the pressor

and dePressor actions of St155

(2- (2, 6-dichlorophenylamino) -2-imidazol ine hydrochloride,

caEapresan). European Journal of Pharmacoloqyr 3, 27-33.

Refinetti, & CarIisle (1986). Effects of anterior and

posterior hypothatamic temperature changes on

thermoregulation in the rat. Phvsioloov and Behavior,

36, 1099-1103.

Reid, J.L., Dargie, H.J., Franklin, S'S', & Frasert B'

(I976). Plasma noradrenaline and renovascular

hypertension in the rat. clinical science and Molecular

Medicine, 51(Suppl. 1I), 4395-4425'

Reid, J.L., Lewis, P.J., & Myers, À'G' (1975) ' Role of

central dopaminergic mechanisms in piribedil and

clonidine induced hypothermia in the rat'

Neuropharmacoloqv , 9, 215-220 '



PVN Clonidine

73

Reis, D.J., Granata, A.R. r Joh, T.H., Ross, C.À., Ruggierot

D.4., & Park, D.H. (f984). Brain stem catecholamine

mechanisms in tonic and reflex control of blood pressure.

Hvpertension, 6(Suppl. ft), r.f-7-rr-I5.

Renaud, L.P., Blume, H.W. r Kearney, R.E., MacKenzie, B.W. r &

Pittman, Q.J. (f978). Physiological Ànatomy of the

Hypothalamus. Current Studies of Hvpothalamic Function,

2, 1-16.

Richards, s.A. (r973).

Wykeham.

Ross, C.À., Ruggiero, D.À., Joh, T.H., Park, D. H., & Reis,

D.J. (1983). Adrenaline synthesizing neurons of the

rostral ventrolateral Brain Research, 273, 356-36I.

Saper, C.B., Loewy, À.D., Swansonr L.W. ' & Cowan' W.M.

(I976). Direct hypothalamo-autonomic connections. Brain

Research, U, 305-312.

Satinoff, E. (1964). Behavioral thermoregulation in

response to local cooling of the rat brain. American

Journal of Phvsioloqv, 206, 1389-1394.

Satoh, K., Tohyama, M., Yamamoto, K., Sakumoto, T., &

Shimizu, N. (1977). Noradrenaline innervation of the

spinal cord studied by horse-radish peroxidase method

combined with monoamine oxidase staining. Experimental

Brain Research, 4, I75-I85.

Temperature requlation. London:



PVN Clonidine

74

Sawchenko, P.E., & Swanson, L.w. (f982). The organization

of noradrenergic pathways from the brainstem to the

paraventricular and Brain Research Reviews, 4, 275-325.

Schmitt, H.H., & Schmitt, H. (f969). Localization of the

hypotensive effect of

2- Q, 6-dichtorophenylamino) -2-imidazoline hydrochloride

(sttSS, Catapesan). EuroÞean Journal- of Pharmacoloqv, 6,

8-12.

Schmitt, H. , Schmitt, H. , Boissier, J.R. , & Giudicelli, J.F.

(1967). CentralIy mediated decrease in sympathetic tone

induced by 2- (2r6-dichtorophenylamino)-2-imidazol"ine

(st15S, Catapresan). European Journal of Pharmacoloqv'

2, L47-r48.

Schmitt, H., Schmitt, H., Boissir, J.R., Giudicelli, J.F.,

FichelIe, J. (f968). Cardiovascular effects of

2- Q, 6-d ichloropheny lami no ) -Z-imi dazol i ne hydrochl or ide

(StI55). Ir. Central sympathetic tone. European

Journal of Pharmacoloqv, 2, 340-344.

Seymour, 4.4., Davis, J.O., Freeman, R.H., DeForrestr J.M. t

Rowe, B.P., Stephens, G.4., & wilIiams, G.M. (1981).

Sodium and angiotensin in the pathogenesis of

experimental renal hypertension" American Journal of

Phvsioloqv, 240, H788-H792.

Sharma, J.N., Sandrew, 8.8., & Wang, S.C. (1978). Central

nervous s]¡stem site of clonidine-induced hypotension: A



PVN Clonidine

75

microionÈophoretic study of bulbar cardiovascular

neurons. Brain Research, !þ!, 127-L33.

Shaw, J. , Hunyor, S.N. , & Korner, P.J. (I97f ). Sites of

central nervous system action of clonidine on reflex

autonomic function in the unanesthetized rabbit.

European Journal- of Pharmacologv, 15, 66-7I.

Shido, O. , Kifune, A. , & Nagasaka, T. (1984) . Japanese

Journal of Phvsioloqv, þ, 397-406.

Starke, K. (f98I). Àlpha-adrenoceptors subclassification.

Reviews in Phvsioloqv, Biochemistrv and Pharmacoloqv, 99,

199-236.

Starke, K., & Langer, S.Z. (f979). A note on terminology

for presynaptic receptors. In s.z. Langer, K. Starke, &

M.L. Dubocovich (eds.), Presynaptic receptors (pp. 1-3).

Oxford: Pergamon Press.

Stephens, G.À. r Davis, J.O., Freeman, R.SH. r DeForrest'

J.M., & Early, D.M. (1979). Hemodynamic, f 1uid, and

electrolyte changes in sodium-depleted, one-kidney, renal

hypertensive dogs. circulation Research, 44, 316-321.

Story, D.F., Briley' M.S. ' & Langer, S.Z. (f 979) ' The

effects of chemical sympathectomy with 6-hydroxydopamine

on alpha-adrenoceptor and muscarinic cholinoceptor

binding in rat heart ventricle. European Journal of

Pharmacoloqv, 57, 423-426.



PVN Clonidine

76

Struyker-Boudier, H.A.J. ' EvenweII, R.T. , Smits, J'F 'M' ' &

van$ssen, H. (1982). Baroreflex sensitivity during the

development of spontaneous hypertension in rats'

CIinical Science, Q, 589-594.

struyker-Boudier, H.A.J. , smeets, G.w.M. , Brouwer, G.M. r &

vanRossum, J.M. (1974). Hypothalamic alpha adrenergic

receptors in cardiovascular regulation.

Neuropharmacoloqv, !], 837-946.

Svensson, T.H., Bunney, B.S-, & Aghajanian, G'K' (1975) '

Inhibitionof both noradrenergic and serotonergic neurons

in brain by Brain Research, L, 291-346'

Swales, J.D. r Thurston, H-, QueiLoz, F.P., & Medina, A'

(L972). Sodium balance during the development of

experimental hypertension. 539-547.

Swanson, L.W., & Kuypers, H.G-J.M. (1980). The

paraventricular of the hypothalamus: cytoarchitectonic

subdivisions and organization of projections to the

pituitary, dorsal vagal complex, and spinal cord as

demonstrated by retrograde fluorescence double-labeIling

methods. The Journal of Comparative Neurol-oqv, l!!-,

55s-570.

Tsoucaris-Kupfer, D., A Schmitt, H. (L972). Hypothermic

effect of alpha-sympathomimetic agents and their

antagonism by adrenergic and cholinergic blocking agents'

Neuropharmacoloqv, !!, 625-635.



PVN Clonidine

77

Unnerstall, J.R., Fernandez, I., & Orensanz, L.M. (1985).

The alpha-adrenergic receptor: radiohistochemical

analysis of functional characteristics and biochemical

differences. Pharmacoloov, Biochemistry and Behaviorr

22, 859-874.

U'Prichard, D.C. , & Snyder, S.H. (f 979). Distinct

alpha-noradrenergic receptors differentiated by binding

and physiological relationships. Lif e Sciences, L,
7 9-88 .

Vatner, S.F. , & Boettchner, D.H. ( f978 ) . Regulation of

cardiac output by stroke volume and heart rate in

conscious dogs. circulation Research, 42, 557-561.

Vlachakis, N.D.' Ranson, Fl, Kogosov, E., Woodcock, E.,

ÀIexander, N. , & Maronde, R.F. (1984). Sympathetic

activity and cardiac adrenergic receptors in one kidney'

one clip hypertension in rats. Hypertension, 6, 654-659.

Voge1, S.À. , Silberstein, S.D. , Berv, K.R. , 6' Kopin, I 'J'
(1g72). Stimulation-induced release of norepinephrine

from raL superior cervical ganglion in vitro. European

Journal of Pharmacoloqv , Ð, 308-311.

Wallach, H., & Loewy, A.D. (f980). Projections of the

aortic nerve to the nucleus tractus solitariius in the

rabbit. Brain Research, !LÊ, 247-25I'

Wasserstrum, N., & Herd, J.A. (f977r. Elevation of

arterial blood pressure in the squirrel monkey at l-OoC.

American Journal of Phvsioloqvr 1' H459-H463'



PVN Clonidine

78

Watkins, 8.8., Davis, J.O., Freeman, R.H., DeForrest, J'M''

& Stephens, G.A. (f978). Continuous angiotensin II

blockade throughout the acute phase of one-kidney

hypertension in the rat. Circulation Research, 42,

8r3-821.

Weber, M.4., & Drayer, J.I. (f984). Centrally acting

anti-hypertensive agents: a brief overview. Journal of

Cardiovascular Pharmacoloqv, 6(Suppl. 5), S803-807.

wilson, J.R., Berczi, À., & Fyda, D.M. (f981).

Metacorticoid hypertension facilitates operant

thermoregulation during heat stress in

desalivated/depilitated rats. Proceedinqs of the 6th

Annual Federation of American Societies of Experimental

aiologyl, Atlanta, Ga., 118.

Wilson, J.R. & Fyda, D.M. (I989). Goldblatt Hypertension

and operant thermoregulation in shaved,

sialoadenectomized rats. Phvsioloqv and Behavior, in

press.

Wintern itz, S.R. , Katholi, R.E. , & Oparil, S. (1982) '

Decrease in hypothalamic norepinephrine content following

renal denervation in the one-kidney' one-c1ip Goldblatt

hypertensive rats. Hvpertension, 4, 369-373"

Young, w.S. III, & Kuhar, M.J. (1980). Noradrenergic

alpha-I and alpha-2 receptors: Light microscopic

autoradiographic localization. Proceedinqs of the

National Academv of Sciences USAr 77, I696-1700'



PVN Clonidine

79

Zerihun, L., & Harris, M. (1981). Electrophysiological

identification of neurones of paraventricular nucleus

sending axons to both the neurohypophysis and the medulla

in the rat. Neuroscience Letters, 4, 157-160.

Zhang, T.-X., & Ciriello, J. (1985). Effect of

paraventricular nucleus lesions on arterial pressure and

heart rate after aortic baroreceptor denervation in th

rat. Brain Research, .3t!!, 10I-I09.



Formulae Used ín the Determination of Oxygen Consumption (VO^)

Yoz (vr) x (Fro - FEO/I - tro) / øoay l,Ieighr (g)

I,Ihere:

Vt = volume of dry air Ëhrough metabolic chamber/unit time G STP

= 760 ml/min x 60 x pb/760 x 273/273 + ra oC

FfO fractional concentration of O, of inspired air

= 0.2094

FUO = fractional concentration of. O, of expired air

= 0M-11/i00

Appendix A
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Hill, R. I'J. (1972). Determination of oxygen consumption by use of
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