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Effects of diltiazem on down-regulation of lymphocyte
p-adrenoceptors in patients with chronic congestive heart failure!
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ABSTRACT

AIM: To determine whether diltiazem could reverse
down-regulation of lymphocyte p-adrenoceptor {8-AR) in
patients with chronic congestive heart failure (CHF).
METHODS: Before and after the treatment with dilti-
azem in CHF patients, lymphocyte J-AR density was
measured with [*H]dihydroalprenolol radioligand binding
assay, levels of free cytosolic caleium ([C2* |;) in
platelets were estimated with fluorescent indicator Fura 2-
AM, plasma norepinephrine {NE) levels were measured
with '®I-radioimmunoassay. RESULTS; Lymphocyte
B-AR density was Jower and [Ca®* ]; in platelets was sig-
nificamtly higher in CHF patients than those in control.
Plasma NE tevels were higher in CHF patients than those
in control, Diltiazem therapy reduced [ Ca®* J; in
platelets and increased lymphocyte f-AR density in CHF
patients without significant change of plasma NE concen-
tration. CONCLUSIONS: Diltiazem partly reversed
down-regulation of lymphocyte 3-AR density in CHF pa-
tients, and this effect was not related to the level of plas-
ma NE, and might be attributed to intraceitular { C2* ;
decrease .

INTRODUCTION

Since Covell’”’ found the reduced cardic response (o
postganglionic sympathetic nerve stimulation in heart fail-
ure in 1966, many smdies" have demonstrated down-
regulation of R-adrenocepior (§-AR) in cardiomyocytes in
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animal models and patients with CHF, but the mechanism
of which is incompletely demonstrated yet. Some re-
searches'~% have found that there was abnormal intracel-
lular caleium handling in cardiomyocytes in animal mod-
els and patients with CHF. An inverse relation zlso ap-
pears to exist between - AR number and the concentration
of norepinephrine (NE) ir blood plasma of heart failure
patients'”3 . However, the role of increased [ C22* ]; or
NE in causing -AR down-regulation is not established.
Calcium-chanpel blockers are useful in the treatment of
severa] cardiovascular disorders. Hedberg ef al® re-
ported 246 % ( 65 % increase i J-AR density in human
atria trealed with the calcium antagonist verapamil.
Yonemochi er al'") observed that B-AR density of cul-
tured rat ventricular myocytes increased by 45 % after 24-
h incubation with verapamil I mmol/L. It has been pro-
posed that B-AR density increase caused by calcium chan-
nel antagonists was partly due to a decrease in
[Ca* 1", We have recently demonstrated that vera-
pamil could increase B-adrenoceptor density and inhibited
NE-induced §-adrenoceptor down-regulation in cultured
cardiomyocytes in vivo'™). The purpose of present
study is to detennine whether the calcium antagenist can
increase lymphocyte (3-adrenoceptor density in CHF pa-
tients, and to explore the possible mechanism (s) of this
effect.

MATERIALS AND METHODS

Patients Patients (10 men and 7 women; average
age, 56 a5 a) with CHF (New York Heart Association
Class 1], Il } were randomly admitted to the study.
Patients (6 men and 4 women; average age, 57 a+ 6 a,
group A) were treated with diltiazem (30 mg, tid, po)
for 14 d despite previous therapy with digitalis and diuret-
ics. The other patients (4 men and 3 women; average
age, 58 ax7 a) with CHF (group B) were treated with
digitalis and diuretics only, Additional 6 subjects {aver-
age age, 56 a+5 a), with no history of cardiac disease,
hypertension or other cardiovascular disorders, had early



ISSN 0253-9756  Acta Pharmacol Sin

- 928 - E-mail aps @ mail. shene. ac.cn

TEERFR 2000 Ot 21 (10)
Phn/Fax 86-21-6474-2629

moming resting blood specimens obtained as control.
All patients and control subjects did not receive calcium
blockers, angiotensin converting enzyme inhibitors
(ACEI), 3-AR blockers, and anti-platelet agents such as
aspirin and dipyridamole in preceding 3 weeks. For all
patients, platelet [ Ca®* ];, lymphocyte B-AR density,
and plasma NE concentration were measured before and
after 14-d treatment.

Measurement of plasma norepinephrine
Blood was collected from an indwelling venous catheter.
Resting, fasting supine early morning samples were ob-
tained for measuring NE levels by radioimmuncassay de-
scribed by William and Ranm!*®! .

B-AR Radioligand binding assay Heparinized
blood 20 mL was obtained and layered carefully on the
top of the FicollPaque solution in a centrifuge tube. The
two-phase system was centrifuged at 400 x g for 30 min.
The mononuclear leukocytes (MNL) layer at the interface
was collected and suspended in Hanks’ Balanced Salt So-
lution (HBSS) and centrifuged at 250 x g for 10 min.
The pellet of MNL was suspended in HBSS and cen-
rifuged again. The final pellet was suspended in 3 mL
HBSS and adjusted to 1 x 10" cells/L.. The resulting
Iymphocyte suspension 100 pL was incubated with 50 mL
[*H]dihydroalprenclol { DHA, final concentration 12
umol/L) for 30 min at 4 C in a Hanks-tris-HCl (50
mmol/L, pH 7.4) buffer. After rapid filtration through
Fy, filter paper and washing out twice with 5 mL incuba-
tion buffer, the filter paper was dried at 80 C for 20
min. The radioactivity was counted using a Packard
4000 scintillator. Nonspecific binding was defined by
co-incubation with propranclol 1.2 mmol/L. The densi-
ty of B-AR receptors was calculated after normalization of
the specific binding activity by lymphocyte counting.

Measurement of [Ca’* ]; in platelets Platelets
were isolated by density gradient centrifugation and sus-

pended in 3 mL HEPES solution ( cantaining NaCl 134,
KCI 2.9, NaHCQ; 12, NaH;PO, 0.36, MgCl, 1, glu-
cose 5, HEPES 5 mmol/L, and BSA 0.35 %, pH7.2).
The solution was loaded with Fura 2-AM (1.25 mmol/
L) at 37 T for 30 min. The extracellular calcium was
adjusted by adding CaCly 1 mmol/L.. The samples were
centrifuged to collect the platelets. Then platelets were
incubated in HEPES solution and adjusted to 1 x 10P
cells/L. Fura 2-Ca®* fluorescence { F) was measured
with an F-3000 spectrophotometer with A, 340 nm and
Aem 40 nm. The cells were treated with 0.1 9% Triton-
100 followed by the addition of MnCl, 1 mmol/L to ob-
tain the maximal and minimal fluorescences, respective-
ly. {Ca’*]; was calculated according to the equation
F=Ki{F(Fpn)/( Frax{ F), K3=224 nmol/L.

Reagents Diltiazem was purchased from Tianjin
TianBian Company of China. Fura 2-AM and propra-
nolol were purchased from Sigma Chemical Co. [*H]-
DHA ( specific activity 1.55 pBg/mol} was obtained
from China Institute of Atomic Energy, Beijing.

Statistical analysis Data were expressed as
xxs and analyzed with one-way ANOVA ( Graphpad
Prism Software), and with a P value of 0.05 deemed
statistically significant.

RESULTS

Plasma NE concentration and [ Ca®* ]; in platelets
were both higher in CHF patients than those in control,
meanwhile, lymphocyte B-AR density was significantly
lower in CHF patients than that in control (Tab 1). Af-
ter treatment with diltiazem for 14 d, the 3-AR density
significantly increased ( P < 0.01) and the platelel
[Ca?* ], levels markedly decreased ( P <0.01), although
B-AR density was still lower, and [Ca®* ], levels were

Tabt. Changes of plasma NE levels, lymphocyte B-AR density and platelet [Ca?* ]; before and after treatment with dil-

tiazem.
B, treated without diltiazem.

x+s. “P<0.01 vs control. 9P >0.05, P <0.01 vs pre-treatment. Group A, treated with diltiazem. Group

Control Group A (n=10) Group B (n=T7}

{n=6) Pre-treatment Post- treatment Pre- treatment Post-treatment
NE (ng/L) 201 + 10 251 + 10° 250 = 9 257+ 11 250 + 10°
B-AR {fmol/10° cells) 756+ 131 440 £ 101° 626 + 35 407 x 74 410 + 90~
[Ca®* ] (nmol/L) %Ux5 150 + 9 1264114 149+ 8 145 + 8
r -0.36 -0.98 —0.73 -0.92 -0.%
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still higher than that of control ( P <0.01, respectively).
™ o . D - REFERENCES
ere were no significant changes in plasma NE levels af-
ter treatment with diltiazem. There was a negative corre- 1 Covell IW, Chidsey CA, Breunwald E.  Reduction in the

lation between lymphocyte (3-AR density and platelet
[Ca®* ];levels (r = -0.98, P <0.0] pre-treatment; r
= -0.73, P <0.05 post-treatment). There was no
significant change in either 3-AR density or platelet
[Ca®* ] levels (P >0.05) in patients treated only with
digitalis and diuretics.

DISCUSSION

The mechanism of 3-AR down-regulation of car-
diomyocytes and lymphocytes in patients and animal mod-
els with CHF is still not completely clear. Most of re-
searches suggest that overactivated sympathetic nerve and
increased plasma NE concentration are main causest! |
Our recent study in cultured rat ventricular cardiomy-
ocytes'?) showed that B-AR down-regulation induced by
NE was related to an increased cardiomyocyte [Ca®* [,
and calcium channel antagonist verapamil could partly re-
verse this B-AR down-regulation induced by NE, mean-
while, also decrease intracellular [Ca®* ];.  Moreover,
[ Ca** 1; decrease was prior to B-AR increase. These re-
sults suggest that increased [ C2** ], in cardiomyocytes
may be one of factors which causes B-AR down-regula-
tion.

Since -AR density of lymphocyte highly correlates
with that of cardiomycytes in CHF and can be taken as a
window for understanding the 3-AR density changes in
cardiomyocytes''*'15) | and there are expressions of calci-
um channels on platelet membrane just like that in cardio-
myocytes["’], in our present research, we attempt indi-
rectly to understand the changes of B-AR and [ Ca®* ]; of
cardiomycytes through measuring (-AR density of lym-
phocytes and [ Ca’* ], in platelets. From the present
study we found that in patients with CHF, calcium chan-
nel blocker diltiazem could increase lymphocyte 3-AR
density and decrease intracellular [ Ca®* ]; in plaiclets,
however, no significant change was found in plasma NE
concentration after treatment. We also observed that
there was a negative correlation presented between lym-
phocyte B-AR density and platelet [ Ca®* ];.  These re-
sults suggested that diltiazem could partly reverse the (-
AR down-regulation of patients with CHF, and this effect
of diltiazem might be attributed to the decrease of intra-
cellular [Ca2* );.
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