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Objective : To study the mechanism (s) of acute hypercalcemia-induced hypertension in dogs.

Material and Method : Adult male mongrel dogs were intravenously infused with: 1) normal saline solution,
2) CacCl, solution, 3) CaCl, + calcium channel blocker (verapamil), 4) CaCl, + selective alpha-1 adrenergic
receptor blocker (prazosin), or 5) CaCl, + verapamil + prazosin. Either verapamil or prazosin treatment
was started at forty minutes before CaCl, infusion and then was co-administered throughout the three-hour
experimental period. Systemic and renal hemodynamics parameters were determined.

Results : Infusion of CaCl, caused increases in mean arterial blood pressure (p < 0.01), total peripheral
resistance (p < 0.001), and renal vascular resistance (p < 0.001). Prior treatment with either verapamil or
prazosin lowered baseline blood pressure (p < 0.01) and could prevent hypercalcemia-induced hypertension.
This occurred accompanying regaining to near normal values of abnormal systemic hemodynamics parameters.
Combination of both drugs showed more profound effects, particularly on lowering renal vascular resistance.
Conclusion : Acute hypercalemic hypertension is caused by an increase in vascular resistance mediated via
the direct effect of calcium on vascular smooth muscle as well as the indirect effect of calcium induced
hypercatecholaminemia. The stimulatory effect of hypercalcemia on renal vascular resistance is more
prominent than that on peripheral vascular resistance.
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Calcium is an important factor in the
regulation of blood pressure®. Acute hypocalcemia
could induce hypotension in both experimental
animals®and humans®#. Conversely, acute®® as well
as chronic®1® hypercalcemia could cause hyper-
tension. Acute hypercalcemic hypertension appears
to be mediated by increased vascular resistance, the
mechanisms of which remain unestablished. Hyper-
calcemia could influence blood pressure by direct
action on the vascular muscle cells, or by inducing
increments in blood levels of various vasopressive
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substances®71113), At present, it is believed that the
former has the more pathogenetic role in acute
hypercalcemic hypertension®7:8.1213.19),
Hypercalcemia and, thus, increased calcium
ion influx through calcium channels could have a direct
effect on vascular smooth muscle cells®®2D. Calcium
channel blockers could abolish the hypertensive effect
of hypercalcemia®®t®!. Regarding vasopressive
substances, studies related to the activity of renin
angiotensin aldosterone system in acute hyper-
calcemic hypertension have yielded conflicting
results®7810.1215 In contradistinction, hyper-
catecholaminemia has been demonstrated in hyper-
calcemia-induced hypertension? !, Indeed, the
release of catecholamine is dependent upon calcium



ion activity®@. Calcium ion could facilitate the release
of epinephrine from the adrenal medulla®'?? and
norepinephrine from sympathetic nerve ending @52
Catecholamines, via binding with alpha-1 adrenergic
receptor, could induce vasoconstriction®”. Here-
tofore, there are scarce data regarding the abrogatory
effect of alpha-1 adrenergic receptor blocker in acute
hypercalcemic hypertension. The present study was
conducted to determine whether the direct effect of
hypercalcemia on vascular smooth muscle cells or
the hypercalcemia-induced hypercatecholaminemia
is the main underlying mechanism of increased
vascular resistance in acute hypercalcemic hyper-
tension. In the present study, the calcium channel
blocker and selective alpha-1 adrenergic blocker were
used to examine the mechanism(s) responsible for
alterations in systemic and renal hemodynamics as
well as in blood and urine parameters in acute
hypercalcemic hypertension state.

Material and Method
Animals

The experiments were carried out in adult
male mongrel dogs, weighing 10-18 kgs. The animals
were fasted for 12 hours prior to the study. On the day
of the experiment, each dog was anesthetized with
intravenous pentobarbital sodium 30 mg/kg BW
(Nembutal, S.S.N.A. La Ballasfiere, France). To maintain
a state of light anesthesia, supplemental doses of
pentobarbital (30-40 mg) were administered, when
required, during the study. A tracheal tube was
inserted to secure a free airway. Two femoral veins
were cannulated with polyethylene tubes (PE 180; Clay
Adams, USA), one for infusion of the clearance
solution and calcium chloride solution while the other
for infusion of the calcium channel blocker (verapamil,
Abbott, Germany) or the selective alpha-1 adrenergic
blocker (prazosin, Pfizer, Australia). In order to study
renal clearance, the priming solution containing 1.2%
para-amino hippurate (PAH; Sigma, USA) and 7.5%
inulin (Sigma, USA) in isotonic saline solution
were administered at the rate of 0.5 ml/kg body weight
(BW). Then, the sustaining solution composed of
0.12% PAH and 0.75% inulin were infused at the rate
of 2.0 ml/min. The rate of infusion was constantly
controlled throughout the experiment by a peristaltic
pump (Micro Tube Pump MP-3, Tokyo Rikakikai,
Japan). One femoral artery was cannulated with a
polyethylene tube (PE 200; Clay Adams, USA) for
blood collection and connected to a pressure
transducer (Model P23XL, GRASS, USA) for recording
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of arterial blood pressure (Polygraph, Model 79,
GRASS, USA). The left ureter was reached by para-
costal incision with a retroperitoneal approach and
was tubulated with a polyvinyl catheter (PV 190; Clay
Adams, USA) for urine collection.

After one hour of infusion of inulin and PAH
solution, and the urine flow rate was stabilized, urine
samples were serially obtained with each collection
period of 20 minutes. Blood samples were collected at
the midpoint of each urine collection. The obtained
blood and urine were measured for inulin clearance,
PAH clearance, osmolality, and electrolyte concentra-
tions. Packed cell volume of the blood was also
determined.

Experimental protocols

As shown in Fig. 1, twenty five dogs were
divided into five groups.

Group | (control, n = 5): Normal saline
solution (NSS) was intravenously infused at a rate of
1 ml/min via the right femoral vein throughout the
experiment.

Group Il (CaCl,, n = 5): Each dog was
intravenously infused with a CaCl, solution, 400 mEg/
L, with a priming dose of 0.1 mEg/kg BW and
continuously followed by 0.01 mEg/kg BW/min. The
NSS was continuously infused via the right femoral
vein throughout the experiment.

Group I11 (CaCl,+ verapamil, n = 5): The dogs
were treated in the same manner as group Il. Forty
minutes before infusion of CaCl, solution, the animals
were pretreated with the calcium channel blocker
(verapamil), intravenously infused with the priming
dose of 0.4 mg/kg BW and followed immediately by
verapamil 12 ug/kg BW, at the continuous rate of 1 ml/
min. Verapamil was administered in replacing of NSS
via the right femoral vein.

Group IV (CaCl,+ prazosin, n = 5): The dogs
were treated in the same manner as group 111, but the
animals were pretreated with the selective alpha-1
adrenergic receptor blocker, prazosin, which was
infused intravenously with the priming dose of 1.15
mg/kg BW and followed immediately by the sustaining
dose of 20 ug/kg BW at the rate of 1 ml/min throughout
the experiment.

Group V (CaCl, + verapamil + prazosin, n =
5): The dogs were treated in the same manner as group
11, but the animals were pretreated with the
combination of verapamil and prazosin. The sustaining
dose of the combined drugs was infused intravenously
at the rate of 1 ml/min throughout the experiment.
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Fig. 1 Diagrammatic illustration of experimental protocols
a equilibrium period
b baseline period
c before CaCl, infusion period
d, e, f = after CaCl, infusion period at 1%, 2", and 3"
hr
20 minutes interval of urine collection
the time that collect series blood samples
for cardiac output
the time that collect blood sample
normal saline solution

20

NSS

Determination of total peripheral resistance (TPR)
The values of TPR were obtained by the
equation

TPR = MAP e 1330 ¢ 60
CO
Where, MAP = mean arterial pressure

= Pd + 1/3 (Ps-Pd)
(Pd = diastolic pressure, Ps = systolic pressure)
Co = cardiac output

Cardiac output was determined by dye
dilution technique using Evans blue (Sigma, USA).
This technique has been widely used in several studies
in both animals and human®-=9, The loss of accuracy
is minimal©1%2), In addition, Foldager N and Blomqvist
CG®® performed this technique and compared the
results with those from the Pascal Program Computer
Analysis. The differences were not statistically
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significant. In the present study, the CO was measured
by using the technique described by Chaiyabutr et
al®. In brief, a bolus of Evan blue dye solution (0.5%)
was injected into the femoral vein. Then, blood
samples were serially collected from the femoral artery
within 3-5 seconds after the dye injection. Serial
samples of arterial blood were obtained via the
peristaltic pump. Each sample, approximately 1 ml/sec,
was collected for a period of 10-14 seconds. Then, the
amount of the dye in each blood sample was measured
respectively by spectrophotometry and was calculated
as described by Hamilton et al®9,

Determination of renal hemodynamics

Using the Fick’s principle, PAH clearance
was used for effective renal plasma flow (ERPF) and
inulin clearance was used for glomerular filtration rate
(GFR). Plasma and urine inulin concentrations (Pin and
Uin, respectively) were determined by the antrone
method as described by Young and Raisz®®.
Calculation of plasma and urine PAH concentrations
(PPAH and UPAH, respectively) were carried out by
the method of Marshall as modified by Smith®".

The following equations were utilized to
calculate the values of renal hemodynamics
parameters:

Glomerular filtration rate (GFR) = UineV
(V = urine volume per 24 hours) Pin

Effective renal plasma flow (ERPF) = UPAHeV
PPAH
Effective renal blood flow (EBPF) = ERPFe100
100-PCV

PCV = packed cell volume, determined by the
preperation of blood in an international microcapillary
centrifuge (IEC Model MB, Damon, USA) and
measured with an international microcapillary reader
(IEC 2201, Damon, USA).

Filtration fraction (FF) = GFRe100
ERPF
Renal vascular resistance (RVR) = MAP ¢ 1333 ¢ 60
ERBF

Determination of blood and urine parameters

The sodium and potassium concentrations
in plasma and urine were assessed by flame
photometer (Model 480, Corning, England), chloride
by chloride/carbon dioxide analyzer (Model 925,
Corning, England), calcium by colorimetric method of
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Moorehead and Biggs®®, inorganic phosphorus by
the method of Goberi®®, osmolality by freezing point
osmometer (Advanced osmometer Model 3D3, USA).

The following formulae were employed to
determine the values of urine parameters:

Urinary electrolyte excretion = UeeV
Fractional electrolyte excretion (FEe) = [Ue . VIPT 100%

GFR
UOsm o V
Posm

Osmolal clearance (COsm) =

Statistical analysis

All data were expressed as Mean + S.E.
Statistical significance (p < 0.05) was assessed by
using analysis of variance (ANOVA). Statistical
calculation was obtained by using a commercially
available statistics software package (SPSS for
Windows v. 10.0, SPSS, USA).

Results
Blood and urine parameters; systemic and renal
hemodynamics in the control group

Throughout the experiment, animals in the
control group, receiving only NSS infusion, showed
no significant changes in blood and urine parameters
as well as in systemic and renal hemodynamics (Figs.
2-6).

Effects of CaCl,, calcium channel blocker, and alpha-
1 adrenergic receptor blocker on blood parameters

Following CaCl, infusion, the plasma calcium
levels of animals in group 11-V were increased from
the baseline values, ranging 3.48-3.82 mEq/L to the
hypercalcemic levels, ranging 6.18-6.88 mEg/L (p <
0.001). No alterations were observed in the plasma
levels of sodium, potassium, chloride, and osmolality
(data not shown).

Effects of CaCl,, calcium channel blocker, and alpha-
1 adrenergic receptor blocker on systemic
hemodynamics

Ingroup Il, after CaCl, infusion, there was a
sharp increase of mean arterial blood pressure (MAP)
from 121 +910 128.3 + 12.5 mmHg (p < 0.05) within 1 hr,
and this was progressively increased and maintained
at the higher level till the end of the experiment (Fig.
2). The increased MAP was correlated with the
increased plasma calcium levels (p < 0.001, data not
shown). The total peripheral vascular resistance (TPR)
was markedly increased from the baseline values to
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273 +22% (p<0.01) and 338 +21% (p < 0.001) at the
second and third hour period of CaCl, infusion,
respectively (Fig. 3).

Prior to CaCl, infusion, when animals were
treated with verapamil (group I11), prazosin (group V),
and the combination of verapamil and prazosin (group
V), there were significant decreases in MAP from 116.0
+5.0t088.3+4.3(p<0.01),116.0+5.0t095.8+4.0(p
<0.01),and 114.6 + 3.3t0 80.0 + 2.8 mmHg (p <0.001),
respectively. Vierapamil (group 111) and prazosin (group
IV), could prevent the hypertension, observed in group
I1, following CaCl, infusion (Fig. 2). Of interest, animals
in group V, which received the combination of
verapamil and prazosin, expressed persistently lower
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Fig. 2 Mean arterial blood pressure in dogs infused with CaCl,
and pretreated with verapamil (Ver.), prazosin (Pra.),
or the combined of verapamil and prazosin (Ver. +
Pra.), (n = 5/group, *p < 0.05, **p < 0.01, ***p < 0.001
vs. baseline period of each group; +p < 0.05, ++p < 0.01
vs. time matched control group)
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Fig. 3 Total peripheral resistance in dogs infused with CaCl,
and pretreated with verapamil (Ver.), prazosin (Pra.),
or the combined of verapamil and prazosin (Ver. +
Pra.), (n = 5/group, *p < 0.05, **p < 0.01, ***p < 0.001
vs. baseline period of each group; +p < 0.05, ++p < 0.01
vs. time matched control group)
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blood pressure values than the control group
throughout the experimental period (Fig. 2). The
inhibitory effect of verapamil and prazosin on acute
hypercalcemic hypertension was associated with the
marked reduction in TPR (Fig. 3). Of note, the values
of TPRin group V were not different from the control
(Fig. 3). When compared to control, the values of CO
were significantly decreased throughout the
experimental periods in CaCl,-infused dogs in group
I1-1V but were not different in group V (data not
shown).

Effects of CaCl,, calcium channel blocker, and
alpha-1 adrenergic receptor blocker on renal
hemodynamics

Infusion of CaCl, to group Il animals caused
a significantly progressive increase in renal vascular
resistance (RVR, Fig. 4, p < 0.001), significantly
progressive decreases in effective renal plasma flow
(ERPF, Fig. 5, p < 0.05), and glomerular filtration rate
(GFR, Fig. 6, p < 0.01). As seen in figures 4 and 5,
pretreatment with either verapamil or prazosin could
attenuate the deleterious effects of CaCl, infusion on
renal hemodynamics. When the combination of
verapamil and prazosin was co-administered to group
V animals prior to CaCl, infusion, the values of ERPF
and GFR returned to the control levels (Figs. 5 and 6).
Furthermore, RVR in group V, pretreated with combi-
nation of verapamil and prazosin, consistently lowered
than those of the control levels (Fig. 4, p < 0.001).

Animalsin group Il which received only CaCl,
infusion had a significantly higher filtration fraction

Percentage of Renal Vascular Resistance (compared with baseline)

T
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—
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Fig. 4 Renal vascular resistance in dogs infused with CaCl,
and pretreated with verapamil (Ver.), prazosin (Pra.),
or the combined of verapamil and prazosin (Ver. +
Pra.), (n = 5/group, *p < 0.05, **p < 0.01, ***p < 0.001
vs. baseline period of each group; +p < 0.05, ++p < 0.01
vs. time matched control group)
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Fig. 5 Effective renal plasma flow in dogs infused with CaCl,
and pretreated with verapamil (Ver.), prazosin (Pra.),
or the combined of verapamil and prazosin (Ver. +
Pra.), (n = 5/group, *p < 0.05 vs. baseline period of
each group; +p < 0.05, ++p < 0.01vs. time matched
control group)
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Fig. 6 Glomerular filtration rate in dogs infused with CaCl,
and pretreated with verapamil (Ver.), prazosin (Pra.),
or the combined of verapamil and prazosin (Ver. +
Pra.), (n = 5/group, *p < 0.05, **p < 0.01 vs. baseline
period of each group; +p<0.05, ++p < 0.01 vs. time
matched control group)
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Fig. 7 Filtration fraction in dogs infused with CacCl, and
pretreated with verapamil (Ver.), prazosin (Pra.), or
the combined of verapamil and prazosin (Ver. + Pra.),
(n = 5/group, *p < 0.05, **p < 0.01 vs. baseline period
of each group; +p < 0.05, ++p < 0.01 vs. time matched
control group)
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(FF) than control (Fig. 7, p<0.01). Prior treatment with
either verapamil or prazosin could attenuate the
increased FF. Of interest, group V animals, pretreated
with coadministration of verapamil and prazosin,
expressed similar values of FF as the control group

(Fig. 7).

Effects of CaCl,, calcium channel blocker, and alpha-
1 adrenergic receptor blocker on urine parameters

When compared with the control, all animals
in group 11-V had a significant decrease in urine
osmolality (UOsm) but significant increases in the rate
of urine flow (V), urinary osmolal excretion (UOsm eV),
osmolal clearance (COsm), and urinary excretion and
fractional excretion of sodium, potassium, chloride,
calcium, and phosphate (data not shown).

Discussion

The results in the present study have
demonstrated that 1) following CaCl, infusion: a) There
were hypercalcemia while plasma levels of sodium,
potassium, chloride, and osmolality were unchanged.
b) Mean arterial blood pressure (MAP) and total
peripheral vascular resistance (TPR) were increased.
c) There were significant increases in renal vascular
resistance (RVR), and filtration fraction (FF) but
significant decreases in effective renal plasma flow
(ERPF) and glomerular filtration rate (GFR). 2) Prior
treatment with either calcium channel blocker or alpha-
1 adrenergic receptor blocker could lower blood
pressure from the baseline level and could attenuate
the hypertension induced by acute hypercalcemia. The
latter occurred in association with conversions of all
above abnormal systemic and renal hemodynamic
parameters to near normal levels. Combination of
calcium channel blocker and alpha-1 adrenergic
receptor inhibitor could express more profound effects.
3) Infusion of CaCl, infusion, alone or incombination
with verapamil or/ and alpha-1 adrenergic receptor
inhibitor, caused a significant increase in urine flow
rate, urinary osmolal excretion, osmolal clearance, and
urinary excretion and fractional excretion of sodium,
potassium, chloride, calcium, and phosphate.

In the present study, acute hypercalcemia
was associated with increased blood pressure. This
observation is in agreement with several previous
reports regarding acute hypercalcemic hypertension®
1% Since blood pressure is the product of cardiac
output (CO) and total peripheral vascular resistance
(TPR), hypertension would be caused by changes in
either one or both factors. The decreased CO but
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increased TPR observed in the present work would
indicate that increased peripheral vascular resistance
is the main mechanism of hypercalcemia-induced
hypertension. Previous studies regarding the effect
of acute hypercalcemia on CO have yielded
inconsistent results, most of which show unaltered
values(9121340 The increased peripheral vascular
resistance in acute hypercalcemic hypertension noted
in the present study concurs with the results of earlier
studies®>1519 In this regard, elevated calcium in the
perfusate locally perfused to forelimb, kidney, and
heart in dogs could enhance both arterial smooth
muscle contraction and myocardial contractility“.42.
Acute hypercalemia could increase TPR by direct
stimulatory action on vascular smooth muscle
cells® 7812131920 and, possibly, by enhancing the levels
of vasopressive substancesV, Calcium ion plays a
central role in the coupling between excitation and
contraction of striated as well as vascular smooth
muscle cells®202143449 Contraction process is initiated
by arise inintracellular calcium ion®9,

Either verapamil or prazosin administration
could lower blood pressure from the baseline level
and could abolish the hypertensive effect of CaCl,
infusion (Fig. 3). The antihypertensive effect of
verapamil in acute hypercalcemic hypertension noted
in the present study has also been observed in
previous studies014 \ferapamil would directly
inhibit transmembrane transport of calcium through
membrane channels®781219 |ncreased levels of
catecholamines including epinephrine and
norepinephrine have been demonstrated in acute
hypercalemic ). As stated earlier, release of
catecholaminemia is positively correlated with calcium
ion activity®-24. To the authors’ knowledge, the
present study is the first to demonstrate the
effectiveness of alpha-1 adrenergic receptor blocker,
prozosin, in acute hypercalcemic hypertension.
Prazosin would inhibit the post synaptic alpha-1
adrenergic receptor and, thus, could abrogate the
vasoconstrictive effect of hypercalcemia-induced
hypercatecholaminemia. When verapamil and prazosin
were co-administered, the marked hypotension
developed and persisted despite the presence of CaCl,
infusion. Taken together, acute hypercalcemic
hypertension is mediated by the direct effect of calcium
on vascular contractility and by the indirect effect of
calcium via stimulation of catecholamine release and,
thus, increased alpha-1 adrenergic activity.

Besides increased TPR, the significantly
increased blood pressure following CaCl, infusion was
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also associated with increased renal vascular
resistance (RVR), indicating the local vasoconstriction
in the kidney. Either verapamil or prazosin alone could
attenuate the increased TPR and RVR in animals with
acute hypercalcemic hypertension (Figs. 3 and 4). Of
interest, CaCl, -infused animals which were pretreated
with the combination of verapamil and prazosin had
similar values of TPR but had lower values of RVR
than the control values (Figs. 3 and 4). This
observation would suggest that renal vasoconstriction
plays a more important pathogenic role than systemic
vasoconstriction in acute hypercalcemic
hypertension. The increased RVR could result in
decreases in ERPF and GFR values (Figs. 4 and 5).
Following CaCl, infusion, FF was increased in group
I1-1V animals, indicating that the decrease in GFR is
less than ERPF. Animals in group V, however, had
unchanged in FF.

In conclusion, acute CaCl, infusion could
induce hypertension. Acute hypercalemic
hypertension is caused by an increase in vascular
resistance mediated via the direct effect of calcium on
vascular smooth muscle as well as the indirect effect
of calcium induced hypercatecholaminemia. The
stimulatory effect of hypercalcemia on renal vascular
resistance is more prominent than that on peripheral
vascular resistance.

Acknowledgements

This study was supported in part by a grant
from the Phra Mahitalatibate Research Fund,
Chulalongkorn University. The authors wish to thank
the Department of Physiology, Faculty of Veterinary
Science, Chulalongkorn University for provision
facilities and to the Laboratory of Nephrology Unit,
Department of Medicine, Faculty of Medicine,
Chulalongkorn University for blood and urine analysis.

References

1. Massry SG, Smogorzewski M. Dyscalcemias. In:
Massry SG, Glassock RI editors. Textbook of Neph-
rology. Philaddelphia: Lippincort; 2000: 326-40.

2. Maxwell GM, Elliot RB, Robertson E. Effect of
Na-EDTA-induced hypocalcemia upon the general and
coronary hemodynamics of the intact animals. Am
Heart J 1963; 66: 82-7.

3. Schackney S, Hasson J. Precipitous fall in serum
calcium, hypertension and acute renal failure after
intravenous phosphate therapy for hypercalaemia.
Ann Intern Med 1967; 66: 906-16.

4. Llach F, Weidmann P, Maxwell MH, Coburn JW,
Massry SG. Effects of acute and long standing

416

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

hypocalcemia on pressure and plasma renin activity
in man. J Clin Endo Meta 1974; 38: 841-7.

Moore WT, Smith Jr LH. Experience with a calcium
infusion test in parathyroid disease. Metabolism 1963,;
12: 447-51.

Weidmann P, Massry SG, Coburn LW, Maxwell MH,
Atleson J, Kleeman CR. Blood pressure effects
of acute hypercalcemia. Ann Intern Med 1972; 76:
741-9.

Marone C, Beretta-Piccoli C, Weidmann P. Role of
haemodynamics, catecholamines and renin in acute
hypercalcemic hypertension in man. Clin Sci 1980;
59: 369s-71s.

Marone C, Beretta-Piccoli C, Weidmann P. Acute
hypercalcemic hypertension in man: role of hemody-
namics, catecholamines, and renin. Kidney Int 1981;
20: 92-6.

Vlachakis ND, Frederics R, Valasquez M, Alexander
N, Singer F, Maronde RF. Sympathetic system
function and vascular reactivity in hypercalcemic
patients. Hypertension 1982; 4: 452-8.

Bianchetti MG, Beretta-Piccoli C, Weidmann P, et al.
Calcium and blood pressure regulation in normal
and hypertensive subjects. Hypertension 1983; 5:
1157-65.

Gennari C, Nami R, Bianchini C, Aversa AM. Blood
pressure effects of acute hypercalcemia in normal
subjects and thyroparathyroidectomized patients.
Miner Electrolyte Metab 1985; 11: 369-73.

Berl T, Levi M, Ellis M, Chaimovitz C. Mechanism of
acute hypercalcemic hypertension in the conscious
rat. Hypertension 1985; 7: 923-30.

Suzuki T, Aoki K. Hypertensive effects of calcium
infusion in subjects with normotension and hyper-
tension. J Hypertens 1988; 6: 1003-8.

Hvarfner A, Morlin C, Wide L, Ljunghall S. Interac-
tions between indices of calcium metabolism and blood
pressure during calcium infusion in humans. J Hum
Hypertens 1989; 3: 211-20.

Aoki K, Miyagawa K. Correlation on increased serum
calcium with elevated blood pressure and vascular
resistance during calcium infusion in normotensive man.
J Hypertens 1990; 8: 579-83.

Hellstorem J, Brike G, Eduall CA. Hypertension in
hyperparathyroidism. Br J Urol 1958; 30: 13-24.
Earll JIM, Kurtzman NA, Moser RH. Hypercalcemia
and hypertension. Ann Intern Med 1966; 64: 378-81.
Rosenthall FD, Roy S. Hypertension and hyper-
parathyroidism. Br Med J 1972; 4: 396-7.

Shaul GM, Kunitoshi I, Vito MC. Serum calcium,
parathyroid hormone and blood pressure. Am J
Nephrol 1986; 6 (suppl 1): 19-28.

Cain AE, Khalil RA. Pathophysiology of essential
hypertesion: Role of the pump, the vessel, and the
kidney. Semin Nephrol 2002; 22: 3-16.

J Med Assoc Thai Vol. 87 No.4 2004



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Horowitz A, Menice CB, Laporte R, Morgan KG.
Mechanisms of smooth muscle contraction. Physiol
Rev 1996; 76: 967-1003.

Rubin RP. The role of calcium in the release of
neurotransmitter substances and hormones. Pharmac
Rev 1970; 22: 289-328.

Douglas WW, Rubin RP. The role of calcium in the
secretory response of the adrenal medulla to acetyl-
choline. J Physiol 1961; 159: 40-57.

Greenberg R, Kolen CA. Effect of acetylcholine and
calcium ions on the spontaneous of epinephrine from
catecholine granules. Proc Soc Exp Biol Med 1966;
121:1179-84.

Kirpeker SM, Misu Y. Release of noradrenal by splenic
nerve stimulation and its dependence on calcium. J
Physiol 1967; 188: 219-34.

Boullin DJ. The action of extracellular cations on the
release of the sympathetic transmitter from periph-
eral nerves. J Physiol 1967; 189: 85-99.

Laher I, Khayal MA, Bevan JA. Norepinephrine-
sensitive, phenoxybenzamine-resistant receptor sites
associated with contraction in rabbit arterial but not
venous smooth muscle: Possible role in adrenergic
neurotransmission. J Pharmacol Exp Ther 1986; 237:
364-8.

Wamberg S, Sandgaard N, Bie P. Simultaneous deter-
mination of total body water and plasma volume in
conscious dogs by the indicator dilution principle. J
Nutr 2002; 132: 1711S-3S.

Poulsen TD, Klasuesen T, Richalet JP, Kanstrup IL,
Fogh-Andersen N, Olsen NV. Plasma volume in acute
hypoxia: comparison of a carbon monoxide rebreathing
method and dye dilution with Evans blue. Eur J Appl
Physiol Occup Physiol 1998; 77: 457-61.

Johansen LB, Norsk P. Estimation of changes in plasma
volume during simulated weightlessness. J Gravit
Physiol 1995; 2: P64-5.

el-Sayed H, Goodall SR, Hainsworth R. Re-evalua-
tion of Evans blue dye dilution method of plasma
volume measurement. Clin Lab Heamatol 1995; 17:
189-94.

Farjanel J, Denis C, Chatard JC, Geyssant A. An accu-
rate method of plasma volume measurement by direct
analysis of Evans blue spectra in plasma without dye
extraction: origins of albumin-space variations during

J Med Assoc Thai Vol. 87 No.4 2004

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

maximal exercise. Eur J Appl Physiol Occup Physiol
1998; 75: 75-82.

Foldager N, Blomqgvist CG. Repeated plasma volume
determination with the Evans blue dilution technique:
the method and a computer program. Comput Biol
Med 1991; 21: 35-41.

Chaiyabutr N, Faulkner A, Peaker M. Effect of star-
vation on the cardiovascular system, water balance
and milk secretion in lactating goat. Res Vet Sci 1980;
28: 291-5.

Hamilton WF, Riley RL, Attyah AM, et al. Compari-
son of the Fick and dye injection method of measuring
the cardiac output in man. Am J Physiol 1948; 153:
309-21.

Young MK, Raisz LG. An anthrone procedure for
determination of inulin in biological fluids. Proc Soc
Exper Biol Med 1952; 80: 771-4.

Smith HW. Principle of renal physiology. New York:
Oxford University Press Inc.;1962: 196-217.
Moorehead UR, Biggs HG. 2-amino-2methyl-1-
propanol as the alkalizing agent in an improve of con-
tinuous flow cresolphthalein complex one procedure
for calcium in serum. Clin Chem 1974; 20: 1458-60.
Goberi G. A modification of the colorimetric phos-
phorus determination for use with the photoelectric
colorimeter. J Lab Clin Med 1942; 27: 955-60.

Sialer S, Mckenna DH, Corliss RJ. Systemic and coro-
nary hemodynamic effect of intravenous administra-
tion of calcium chloride. Archs Int Pharmacoldyn Ther
1967; 169: 177-84.

Haddy FJ, Scott JB, Florio MA, Daugherty RM,
Huizenga JN. Local vascular effects of hypokalemia,
alkalosis, hypercalcemia, and hypermegnesemia. Am
J Physiol 1963; 204: 202-12.

Scott JB, Frohlich ED, Hardin RA, Haddy FJ. Na, K,
Ca, and Mg action on coronary vascular vascular re-
sistance in the dog heart. Am J Physiol 1961; 201:
1095-100.

Bohr DF. Electrolyte and smooth muscle contraction.
Pharmacol Rev 1964; 16: 85-111.

Seidel CL, Bohr DF. Calcium and vascular smooth
muscle contraction. Cire Res 1971; 28, 88-95.

Ebashi S, Ebashi F. A new protein component partici-
pating in the superprecipitation of myosin B. J
Biochem 1964; 55, 604-13.

417



19 Lmammfluca@ﬂmam«azmwaum?mnmmwmufawmm UVI?.I’WI“II@\?ZV’)?EI?JEI\?H’)?‘IIUW\?
UARLTEN LL@&‘IW’)?EILIENEI'J?U@@W’)Q‘lJﬂﬂﬁ‘L‘lJ@@ﬂ

ANAAT 1BHNDDY, ANTIE LBHNDDY, WINANA WUGAY, IANg AnFT, useAAns Teyms

P 4 ° = ~ £ o = N P = ! P o
Jngilszaen : naAnmIng innainTuresaNAulainaInn1asiduaaidun luaeagee 1@ LAY
Tuguy
JAAUAZIBNIT : mmswm@m‘lufvuwwuﬁmum@wYmuzofzimw@@mz.@@mm"v 391 1) Wunae 0.9% 2) @17a<A78
unaiSeunanlsn 3) ANTALAIEUARITENARD 178 WAANTELEANITILAIUARTEN (1909INNA) 4) A1TAZAY
waaiTennanlsa uazanTEus RS AN e nTiuean (weladu) uTe 5) arrazaruuAaiunman iz
198704 waswa lrdy neazisn1u 19asmnda vee walagy naunsluansazarsunaidennaa lsauunan
40 ¥ uAY sz lumsauruimnasne lUanTwaan 3 dalwe tufinAnaaeuulasnis st euaearialy
uasii s

a o & = - " o o0 g T ~ £ ! o a =
QANISIAE - N7 INAITASAEIUAAITEINAAR (97 VEIANNUABAIABAAT YN UANIFANTLIBNAIAINA L IaTIRIaA
(p < 0.01) AMMINNATUNIUTINYADARBAUANAILULAE (0 < 0.007) UASAIAINAILNILIENNADALADALAN A
(p < 0.01) n1slusesmida e welsdu awrmnanszAuANAUlaliaNUT I uazanszALAINALTATA
4 v o S T Yo g v -
MANTUa NI iasasaeunaidenaan laa saxrisunlyane o ndsuurasly undugseaui nauAesng
Tuanuenns1nes9mI9a uaWI [T TUINALAsNANINNIN IIAENA e IREanISuanaNI17aRANYaN
ANNANUNLYBIIADAABAUAN LA TIDATUARBANITNAABNTBNNIF INAITAZAILAAITEINAAD (37
zvﬂl mﬂwwwmmﬁmufwmmnmo:wmmaLﬁzfm/‘lummmgﬂwmﬂuwwu uTunareuaasdeulnems

£

W@ﬁﬂ@ﬁ?tﬂﬂﬁ) LLﬂ“’ﬂlﬂ?]@ﬂLLF)@LéﬂEIJ\ITﬁ)il@@JJ‘VILWJJ?‘:JE)‘ULLF)WF)@@’?&IHY%L@@@ mmnmqum?wnmmummu

v

TOIUADAADAUANIART UATANAIINAIUINY TINAAAAUAY AU LaANHANINNI N ADAEDALAN
Aauilans

418 J Med Assoc Thai Vol. 87 No.4 2004



