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Preventive effects of diltiazem 
on cyclosporin A-induced 
vascular smooth muscle dysfunction 

Abstract Cyclosporin A may cause 
vascular smooth muscle dysfunction 
due to calcium overload as a conse- 
quence of chronically augmented 
calcium influx. In the present study, 
the responsiveness to vasoconstric- 
tors was investigated in rats after 
chronic treatment for 6 weeks with 
placebo, cyclosporin A (30 mg/kg 
per day), diltiazem (60 mgkg per 
day), or cyclosporin A plus dilti- 
azem. Twenty-four hours after the 
last oral treatment the animals were 
sacrified and rings of the thoracic 
aorta were suspended in organ cham- 
bers under isometric conditions in 
the absence of cyclosporin A or dilti- 
azem. Chronic treatment with cyclo- 
sporin A significantly augmented 
contractions to angiotensin I1 (lo-'- 

by cotreatment with diltiazem. Dilti- 
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M). This effect was prevented 

Introduction 

Cyclosporin A is an immunosuppressive drug frequently 
used in patients after organ transplantation and in the 
treatment of autoimmune diseases [5,7,13,34,37]. Chronic 
treatment with this drug disturbs vascular smooth muscle 
function [3,12,16,22,29,30]. The altered reactivity of the 
vascular smooth muscle may contribute to the side effects 
frequently observed with clinical use of the drug, such as 
the development of hypertension and renal dysfunction [2, 
24,321. The mechanisms mediating the chronic effects of 
cyclosporin A on the arterial wall are not completely 
understood, nor do recommendations exist for the treat- 
ment of the cardiovascular side effectsin clinical use. An in- 
creased influx of calcium was proposed as a possible mech- 

azem did not affect the cyclosporin 
A-induced reduction in the response 
to potassium chloride (10-80 mM). 
The contractions to phenylephrine 
( 10-q-lO-h M) and endothelin-1 
( 10-9-10-7 M) were not significantly 
different in the four groups. The 
preventive effect of diltiazem 
against the cyclosporin A-induced 
hypersensitivity to angiotensin I1 
supports the hypothesis of increased 
calcium influx during cyclosporin A 
therapy. The results may provide an 
additional rationale for the use of 
calcium antagonists in the treatment 
of the vascular side effects of cyclo- 
sporin A. 
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anism leading to the cyclosporin A-induced dysfunction of 
vascular smooth muscle cells. Calcium influx during cyclo- 
sporin A exposure may cause direct vasoconstrictor effects 
[41]; chronic exposure may lead to an overload of intracel- 
M a r  calcium stores. The latter may explain the augmented 
effect of those vasoconstrictors, which mobilize calcium 
from intracellular stores [ l l ,  18-20,26,27]. Evaluating the 
effect of chronic calcium entry blockade in the prevention 
of cyclosporin A-induced vascular dysfunction may, there- 
fore, be interesting. Previous studies have suggested a 
beneficial effect of calcium antagonistsin the prevention of 
renal failure in cyclosporin A-treated patients [8,14,39]. 
The effect of chronic calcium entry blockade on the cyclo- 
sporin A-induced alterations of vascular reactivity has not 
yet been investigated. 
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Thus, the objective of the present study was to deter- 
mine the effect of cotreatment with the calcium antagonist 
diltiazem on vascular smooth muscle reactivity occurring 
during chronic treatment with cyclosporin A. 

Materials and methods 
Animals 

Forty male Wistar rats were randomly assigned to four groups: con- 
trols (CO), a cyclosporin A-treated group (CyA), a diltiazem- 
treated group (DIL), and a cyclosporin A plus diltiazem-treated 
group (CyA/DIL). The mean weight at the beginning of the treat- 
ment period was 328 * 5 g, 316 * 7 g, 317 * 10 g, and 324 * 7 g, re- 
spectively. In addition to their standard diet (Altromin, Lange, 
FRG), the rats received 1 mi of olive oil (CO), 30 mglkg per day 
of cyclosporin A dissolved in 1 ml of olive oil (CyA), 60 mg/kg per 
day of diltiazem dissolved in 1 ml of distilled water (DIL), or 
30 mg/kg per day cyclosporin A plus 60 mg/kg per day diltiazem 
(CyA/DIL) daily, administered through an oral gastric tube over a 
period of 6 weeks. In order to  test the preventive effect of diltiazem, 
the duration and dosage of treatment with cyclosporin A was chosen 
according to previous experimental studies showing altered reactiv- 
ity of the rat aorta [3, 391. Two rats in the CyA group and in the 
CyA/DIL group were lost because of aspiration while receiving the 
treatment. 

Experimental protocol 

Twenty-four hours after the last administration of the treatment the 
rats were anesthetized with ether. Systolic blood pressure was 
measured under anesthesia (VSM-Physio Control, Redmont, 
Wash., USA) through a cannula that was inserted into the abdomi- 
nal aorta. Approximately 5 ml of blood was withdrawn for labora- 
tory tests. Whole blood levels of cyclosporin A were measured by 
high pressure liquid chromatography. Laboratory tests for renal and 
liver function in the plasma were performed with an automatic ana- 
lyzer (BM/Hitachi System 717, Boehringer, Mannheim, Germany). 
After the animals had been exsanguinated, the aorta was rapidly ex- 
cised. The blood vessel was immediately flushed with and placed 
into modified Krebs-Henseleit bicarbonate solution of the following 
composition (mM): NaCl(118), KCI (4.7), CaCI, (2.5). MgS04 (1.2). 
I(H2PO4 (1.2), NaHC03 (25.0), edetate calcium disodium (0.026). 
glucose (11 .l;controlsolution). 

The thoracic part of the aorta was cut into four rings each 4 mm 
in length. The rings were suspended in organ chambers between a 
clip and a force transducer by two stainless steel wires inserted into 
the lumen of the vessels. The organ chambers were filled with 10 ml 
control solution, kept at 37 “C, and aerated with a 95 YO O2 and 5 % 
COz gas mixture. Changes in isometric force were measured. The 
preparations were set individually at the optimal point of their 
length-tension relationship as determined by repeated exposure to 
potassium chloride (20 mM) that was comparable among the four 
groups (approximately 5 g). 

After at least 1 h of equilibration, in which all of the rings re- 
turned to their basal tension, cumulative concentration response 
curves to angiotensin 11, potassium chloride, endothelin-1, and phe- 
nylephrine were registered. To control for possible angiotensin I1 
tachyphylaxis, pilot experiments were performed, that did not reveal 
any difference in angiotensin II-induced contractions in response to 
a single dose or cumulative application of angiotensin I1 [l]. Because 
angiotensin I1 causes transient contractions, higher concentrations 

were applied at exactly defined time intervals. Indomethacin 
M) was present throughout the experiments to prevent the 

generation of vasoactive prostaglandins. 

Drugs 

Angiotensin I1 and endothelin-1 were obtained from Novabiochem 
(Sandhausen, Germany). Indomethacin and phenylephrine were 
purchased from Sigma Chemicals (8024 Deisenhofen, Germany). 
Cyclosporin A was obtained from Sandoz (Nurnberg, Germany). 
Diltiazem was obtained from Godecke-AG (Berlin, Germany). The 
drugs were prepared daily in distilled water except for indometh- 
acin, which was dissolved by sonication in Na2C03 M). The 
drugs were added to the organ bath in small volumes (100 PI) in acu- 
mulative manner, except for the higher concentrations of potassium 
chloride (40, 60, and 80 mM). Those were prepared with a control 
solution containing a reduced sodium concentration in order to 
maintain the osrnolarity of the buffer. All concentrations are ex- 
pressed as final molar (M) bath concentrations. Since the study was 
designed to determine the chronic effects of cyclosporin A or dilti- 
azem, these drugs were not added to the incubation medium dur- 
ing the in vitro tests. 

Calculations and statistical analysis 

Increases in isometric force in response to contracting agents are 
expressed in grams (g). Results are given as means * SEM, with n 
referring to the number of rats the vessels were taken from. Statisti- 
cal comparisons between the four groups were performed by one- 
way analyses of variance (ANOVA). When P was less than 0.05, the 
means were considered statistically different. 

Results 

Vascular smooth muscle function 

Angiotensin 11 

Cumulative addition of angiotensin I1 ( 10-’-10-5 M) 
caused transient contractions in the rat aorta feaching a 
maximum at lO-’M in the C O , p I L ,  and CyA/DIL 
groups and a maximum at 10-’M in the CyA group. 
Higher concentrations did not cause a further increase 
in tension. Yet, the contractions to angiotensin I1 ( 
and M) were significantly higher in the CyA-treated 
group than the response in the CO group. In the CyA/DIL 
group, however, angiotensin I1 elicited similar contrac- 
tions to those observed in the CO group (Fig. 1). 

Potassium chloride 

Contractions to potassium chloride (10-80 mM) were 
significantly reduced in CyA or CyA/DIL-treated rats at 
concentrations of 60 and 80 mM potassium chloride. 
Chronic treatment with diltiazem, either alone or in com- 
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Fig.l Contractions to angiotensin 11 (10-9-10-sM) in the rat 
aorta, expressed as gram (g) increase in isometric force. Results are 
shown as means f SEM of n experiments ( 0  rings from control 
rats, rings from rats in CyA group, 0 rings from rats in DIL 
group, 0 rings from rats in CyNDIL group). *P < 0.05 

Table 1 Vascular smooth muscle contractions to phenylephrine and 
endothelin-1 in the aorta of rats treated for 6 weeks with either ve- 
hicle (1 ml of olive oil = control), or cyclosporin A (30 mglkg per 
day), or diltiazem (60 mg/kg per day), or cyclosporin A (30 mg/kg 
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Fig.2 Contractions to potassium chloride (1W30 mM) in the rat 
aorta, expressed as gram ( g )  increase in isometric force. Results are 
shown as means f SEM of n experiments ( 0  rings from control 
rats, rings from rats in CyA group, 0 rings from rats in DIL 
group, 0 rings from rats in CyA/DIL group). * P < 0.05 

per day) plus diltiazem (60 mg/kg per day). Contractions are ex- 
pressed as gram (g)  increase in isometric force. Results are shown as 
means k SEM of n experiments 

Control 
(n  = 10) 

Cyclosporin A Diltiazem 
( n  = 8 )  ( n  = 10) 

Cyclosporin A plus 
diltiazem ( n  = 8) 

(a) Phenylephrine 
lO-'M 0.0 k 0.0 

M 0.6 f 0.2 
10-7 M 1.8 i 0.2 
10-o M 2.3 f 0.3 
(b) Endothelin-1 
10-9 M 0.1 * 0.0 

M 0.8 If- 0.2 
10-7 M 2.5 * 0.1 

0.0 f 0.0 
1.0 f 0.2 
1.5 k 0.2 
1.8 k 0.1 

0.1 f 0.1 
0.6 f 0.1 
2.0 f 0.2 

0.0 f 0.0 
0.8 f 0.2 
1.9 f 0.2 
2.2 f 0.2 

0.0 f 0.0 
1.0 f 0.2 
2.1 f 0.1 

0.2 f 0.1 
0.9 f 0.2 
1.6 k 0.1 
1.9 f 0.1 

0.1 f 0.0 
0.6 f 0.1 
1.2 f 0.2 

bination with cyclosporin A, did not affect the response to 
potassium chloride (Fig. 2). 

Phenylephrine and endothelin-1 

Contractions to the a-adrenergic agonist phenylephrine 
(10-9-10-6 M) were not significantly altered by any of the 
treatments (Table 1 a). 

The contractile response to endothelin-1 (lO-'-lO-' 
M) did not significantly differ in the four groups (Ta- 
ble 1 b). 

Blood pressure weight and laboratory tests 

Mean arterial blood pressure measured intra-aortically 
under anesthesia was not differed between the four 
groups (CO 81 f 4 mmHg, CyA 81 f 4 mmHg, DIL 
80 f 5 mm Hg, CyADIL 77 k 5 mm Hg). 

Cyclosporin A treatment resulted in comparable 
blood levels of .5313-t913yg/l (CyA) and 5615k888 
pg/l (CyNDIL) of cyclosporin A. 

Plasma nitrogen urea was significantly elevated in the 
CyA and CyA/DIL-treated groups (CO 23 f 1 mg/ 
100 ml, CyA 38 f 1" mg/100 ml, DIL 22 f 1 mg/100 ml, 
CyA/DIL 40 f 2" mg/100 ml; * P < 0.05). Plasma creati- 
nine levels were comparable between the four groups. 

Treatment with cyclosporin A caused significant in- 
creases in levels of gamma glutamyltransferase (CO 
0.2 f 0.1 U/1, CyA 3.0k 1.3" U/1, * P < 0.05), aspartate 
aminotransferase (CO 15 f 1 U/1, CyA 80 f 34" U/1, * P 

I 
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< O.OS), alanine aminotransferase (CO 28 f 1 U/1; CyA 
100 f 38" U/1, * P < 0.05), and bilirubin (CO 0.09 f 0.01 
mg/100 ml, CyA 0.48 f 0.13" mg/100 ml, * P < 0.05). 

Under cotreatment with diltiazem some animals 
showed more pronounced hyperbilirubinemia (CyA/ 
DIL 1.18 f 0.78 mg/100 ml) and increases in serum trans- 
aminases. Mean values, however, were not significant in 
the CyA-treated group (CyA/DIL aspartate aminotrans- 
ferase 531 f 428 U/1, alanine aminotransferase 425 f 
226 U/l). 

In both groups that were treated with cyclosporin A, 
the weight gain during the treatment period was signifi- 
cantly reduced compared to the rats that did not receive 
cyclosporin A (CO 23 f 1 YO, CyA - 3 f 2 YO *, DIL 22 f 
1 % , CyA/DIL 0 f 1 9'0 *; * P < 0.05). 

Discussion 

This study demonstrates that cotreatment with the cal- 
cium antagonist diltiazem partially prevents the vascular 
smooth muscle dysfunction that occurs during chronic 
treatment with cyclosporin A. 

The chronic treatment with cyclosporin A or diltiazem 
was withdrawn 24 h before the in vitro testing in order to 
avoid acute effects of the drugs. The effective washout of 
diltiazem was proven by the unaffected response to potas- 
sium chloride (as well as all of the other responses) in the 
group treated with diltiazem alone, since diltiazem re- 
maining in the tissue would have reduced contractions to 
potassium chloride. Thus, the observed effect of cotreat- 
ment with diltiazem can most likely be assigned to the 
long-term effect of the drug. 

One of the most striking effects of chronic exposure to 
cyclosporin A on vascular reactivity is the augmented re- 
sponsiveness to vasoconstrictor peptides such as angio- 
tensin 11. The combination of cyclosporin A with dilti- 
azem during chronic in vivo treatment effectively pre- 
vents the hyperreactivity of the tissue to angiotensin 11. 
This protective effect indicates a role for chronic calcium 
influx through diltiazem-sensitive calcium channels in the 
pathogenesis of cyclosporin A-induced vascular smooth 
muscle dysfunction. 

Angiotensin I1 mobilizes calcium from intracellular 
stores in vascular smooth muscle cells [6, 9, 25, 3.51. In 
accordance with our observations, previous studies de- 
scribed an increased rise in intracellular calcium provok- 
ed by angiotensin I1 and vasopressin in cultured vascular 
smooth muscle or mesangial cells after exposure to cyclo- 
sporin A [18-20, 26,271. Different results were obtained 
with in vivo application of angiotensin I1 after 1 week of 
treatment with cyclosporin A [36]. The reason for this dis- 
crepancy might be the rather short-term treatment with 
cyclosporin in the latter experiments or the difference in 
the experimental conditions, since the response to norepi- 
nephrine was also reduced in the in vivo study. 

The dysfunction of the vascular smooth muscle de- 
pends on the vasoconstrictor applied. In contrast to angio- 
tensin I1 contraction responses to potassium chloride are 
significantly decreased after treatment with cyclospo- 
rin A. This difference may reflect the involvement of com- 
plementary second messenger pathways mediating these 
contractions. In the rat aorta the contraction response to 
potassium chloride is dependent on the influx of calcium 
from extracellular sources [lo]. Diltiazem does not affect 
the reduced reactivity to potassium chloride, which sug- 
gests that additional effects of cyclosporin A on vascular 
smooth muscle function may occur that are not prevented 
by calcium entry blockade. The minor effects of cyclospo- 
rin A treatment on the responsiveness to a-adrenergic sti- 
mulation and endothelin-1 may reflect the involvement of 
both sources of calcium in the contractions to these drugs. 
An augmented response mediated by the mobilization of 
intracellular calcium may be masked by a reduced con- 
traction in response to the influx of extracellular calcium. 

The vascular alterations observed in this study mainly 
seem to be due to the direct effect of cyclosporin A on the 
vascular wall, since treatment with cyclosporin A did not 
cause a significant increase in blood pressure, which may 
affect the function of the vascular wall by itself [38]. A lack 
of increases in blood pressure during treatment with cy- 
closporin A has been observed in other studies employing 
normotensive rats as well, whereas in spontaneously hy- 
pertensive rats the development of hypertension is accele- 
rated [12, 17, 23, 31, 361. However, in the latter model it 
might be difficult to attribute the changes in vascular 
function to either the direct effect of the drug or the aug- 
mented blood pressure or genetic variations. 

Chronic treatment with cyclosporin A in the concen- 
tration used causes toxic effects, as judged from the reduc- 
ed weight gain and the impaired renal and liver function. 
These effects are similar to those observed in animal stu- 
dies and during clinical use [17, 21, 31, 401. Diltiazem 
alone does not cause any toxic effects at all. Cotreatment 
with diltiazem and cyclosporin A, however, affects serum 
transaminases, bilirubin, and alkaline phosphtase more 
than treatment with cyclosporin A alone, indicating in- 
creased liver toxicity of the comdnation. Although the 
toxic effects are, statistically, not significantly different be- 
tween the cyclosporin A and the cotreatment group in the 
present study, the possible potentiation of liver toxicity 
has to be carefully monitored by further investigations in- 
to the combination of cyclosporin A with calcium antago- 
nists. The effect cannot be explained by the pharmacoki- 
netic interaction between cyclosporin A and diltiazem 
described in humans [4,15,28], since whole blood levels of 
cyclosporin A are comparable in these animals. Although 
in humans an increase in cyclosporin A levels during co- 
therapy with diltiazem due to competition in the metabo- 
lic pathway has been described [4,1.5,28], this was not ob- 
served in the rat model in the present study. The lack of 
this effect may be explained by species differences. 
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The present study demonstrates the protective effects 
of calcium antagonism in the model of cyclosporin A-in- 
duced vasculopathy in the rat. Recently, the prevention of 
coronary artery narrowing in heart transplant recipients 
by cotreatment with diltiazem has been reported [33]. 
Although the mechanisms involved in this particular form 
Of coronary artery disease are and not 
well understood, the effectiveness o fa  calcium antagonist 
and the results of our study encourage further evaluation 

of calcium-dependent mechanisms and potential vasopro- 
tective effects of calcium antagonists in transplant pa- 
tients. 

Acknowledgements The authors would like to thank Ms. Daniela 
Hauth and Ms. Karen Vetter for their excellent technical assistance 
in the pharmacological studies and Dr. Brockmoller of the Dept. 
of Clinical Pharmacology for measuring the cyclosporin A blood 
levels. They also want to express their appreciation to Dr. Grosse- 
Siestrup and the technicians at the Free University of Berlin for 
their help in feeding the animals. 

References 
1. Auch-Schwelk W, Bossaller C. Gotze S, 

Thelen J, Fleck E (1 993) Endothelial 
and smooth muscle function after 
chronic treatment with cyclosporin A. 
J Cardiovasc Pharmacol 21: 4 3 5 4 0  

2. Bennet WM, Porter GA (1988) Cyclo- 
sporin-associated hypertension. Am J 
Med 85: 131-133 

3. Bossaller C ,  Forstermann U, Hertel R, 
Olbricht C, Reschke V, Fleck E (1989) 
Ciclosporin A inhibits endothelium- 
dependent vasodilatation and vascular 
prostacyclin production. Eur J Pharma- 

4. Brockmoller J, Neumayer HH, Wagner 
K, Weber W, Heinemeyer G, Kewitz H, 
Roots I (1990) Pharmacokinetic interac- 
tion between cyclosporin and diltiazem. 
Eur J Pharmacol38: 237-242 

5. Brynskov J, Freund L, Rasmussen SN 
(1989) A placebo-controlled, double- 
blind, randomized trial of cyclo- 
sporin A therapy in active chronic 
Crohn’s disease. N Engl J Med 321: 
845-850 

6. Cappioni AM, Lew PD, Valloton MB 
(1985) Cytosolic free calcium levels in 
monolayers of cultured rat aortic 
smooth muscle cells. Effect of angioten- 
sin I1 and vasopressin. J Biol Chem 260: 
7836-7842 

7. Cohen DJ, Loertscher R, Rubin MF, 
Tilney NL, Carpenter CB, Strom TB 
(1984) Cyclosporin: a new immunosup- 
pressive agent for organ transplanta- 
tion. Ann Intern Med 101: 667-682 

8. Dawidson I, Rooth P, Fry WB (1989) 
Prevention of acute cyclosporine A-in- 
duced renal blood flow inhibition and 
improved immunosuppression with 
verapamil. Transplant Proc 48: 575-579 

9. Dostal DE, Murahashi T, Peach MJ 
(1990) Regulation of cytosolic calcium 
by angiotensins in vascular smooth 
muscle. Hypertension 15: 815-822 

10. Godfraind T, Miller RC (1983) Spe- 
cificity of action of calcium entry 
blockers. Circ Res 52 [Suppl 11: 81-91 

COI 165: 165-169 

15 

16. 

17. 

JH (1989) Cyclosporine A associated 
hypertension in cardiopulmonary trans- 
plantation. The beneficial effect of nife- 
dipine on renal function. Transplanta- 
tion 48: 428430 
Kohlhaw K, Wonigeit K, Frei U, Old- 
hafer K, Neumann K, Pichlrnayr R 
(1988) Effect of the calcium channel 
blocker diltiazem on cyclosporine A 
blood levels and dose requirements. 
Transplant Proc 20 [Suppl]: 577-574 
Lamb FS, Webb RC (1987) Cyclosporin 
augments reactivity of isolated blood 
vessels. Life Sci 40: 2571-2578 
Mason J (1989) Pathophysiology and 
toxicology of cyclosporine in humans 
and animals. Pharmacol Rev 42: 473- 

11. Goldberg HJ, Wong PY, Cole EH, Levy 
GH, Skorecki KL (1989) Dissociation 
between the immunosuppressive activ- 
ity of cyclosporine derivates and their 
effects on intracellular calcium signal- 
ling in mesangial cells. Transplantation 
47: 731-733 

12. Golub MS, Lustig S, Berger ME, Lee 
DBN (1989) Altered vascular respon- 
ses In cyclosporin-treated rats. Trans- 
plantation 4&: 116118 

J Med 321: 1725-1737 
13. Kahan BD (1989) Cyclosporin. N Engl 

14. Kirk AJB. Omur I, Bateman DN. Dark 

434 
18. Meyer-Lehnert H, Schrier RW ( 1  987) 

Potential mechanisms for cyclosporin 
(CsA)-induced hypertension: enhance- 
ment of vasopressin (AVP)-stimulated 
Ca’ + mobilization and cell contraction 
in vascular smooth muscle cells. Kidney 
Int31:464 

Cyclosporine A enhances vasopressin- 
induced calcium mobilization and con- 
traction in mesangial cells. Kidney Int 
34: 89-97 

20. Meyer-Lehnert H, Schrier RW (1989) 
Potential mechanism of cyclosporin A- 
induced vascular smooth muscle con- 
traction. Hypertension 13: 352-360 

19. Meyer-Lehnert H, Schrier RW (1988) 

71. Mihatsch MJ, Ryffel B, Hcrmle M, 
Brunner FP, Thiel G (1986) Morpho- 
logy of cyclosporine nephrotoxicity in 
the rat. Clin Nephrol25: S1-S8 

22. Mikkelsen EO, Paulsen SH, Nyborg 
NCB, Karsgaard N,  Sehested J (1992) 
Difference between aortic and renal 
vascular reactivity in cyclosporin A 
treated rats and the effect of cicle- 
lanine. Naunyn-Schmiedebergs Arch 
Pharmacol345: 356-361 

(1985) Effect of cyclosporine adminis- 
tration on renal hemodynamics in con- 
scious rats. Kidney Int 28: 767-774 

scher J, Perlroth M (1  984) Cyclosporin- 
associated chronic nephropathy. N Engl 
J Med311:699-705 

25. Nabika T, Velletri TA, Lovenberg W, 
Beaven MA (1985) Increase in cyto- 
solic calcium and phosphoinositide me- 
tabolism induced by angiotensin I1 and 
[Argl-vasopressin in vascular smooth 
muscle cells. J Biol Chem 360: 4661- 
4670 

26. Pfeilschifter J (1 988) Cyclosporin A 
augments vasoconstrictor-induced rise 
in intracellular free calcium in rat renal 
mesangial cells. Biochem Phaimacol37: 
41054210 

23. Murray BM, Paller MS, Ferris TF 

24. Myers BD, Ross J, Newton L, Luet- 

27. Pfeilschifter J, y e g g  UT (1987) Cyclo- 
sporin A augments angiotensin II- 
stimulated rise in intracellular free 
calcium in vascular smooth muscle 
cells. Biochem J 148: 883-887 

38. Pochet JM, Pirson Y (1986) Cyclospo- 
rin-diltiazem interaction. Lancet I: 979 

29. Rego A, Vargas R, Voegh ML, Ram- 
well PW (1988) Effect of cyclosporin A 
treatment on vascular reactivity of the 
rat thoracic aorta. Transplant Proc 20: 
572-577 

30. Rego A, Vagas R, Wroblewska B, 
Foegh ML, Ramwell PW (1990) Atte- 
nuation of vascular relaxation and 
cyclic GMP responses by cyclosporin A. 
J Pharm Exp Ther 252: 165-170 



162 

31. Ryffel B, Siegl H, Petric R, Muller AM, 
Hauser R, Mihatsch MJ (1986) Nephro- 
toxicity of cyclosporin in spontaneously 
hypertensive rats: effects on blood 
pressure and vascular lesions. Clin 
Nephrol25 [Suppl 11: S193-S198 

33. Schachter M (1988) Cyclosporin A and 
hypertension. J Hypertens 6: 511-516 

33. Schroeder JS, Gao S, Alderman EL, 
Hunt SA, Johnstone 1,Boothroyd DB, 
Wiederhold V, Stinson EB (1993) A pre- 
liminary study of diltiazem in the 
prevention of coronary artery disease in 
heart-transplant recipients. N Engl J 
Med 328: 164-1 70 

Effects of cyclosporin A immunosup- 
pression in insulin-dependent diabetes 
mellitus of recent onset. Science 223: 

34. Stiller CR, DuprC J, Gent M (1984) 

1362-1367 

35. Takeda K, Meyer-Lehnert H, Kim JK,  
Schrier RW (1988) Effect of angioten- 
sin I1 on calcium kinetics and contrac- 
tion in cultured rat glomerular mesan- 
gial cells. Am J Physio1254: F254-F266 

(1990) Altered pressor responses to NE 
and angiotensin It during cyclosporin A 
administration to conscious rats. Am J 
Physiol258: H854-H860 

Greenlee RT, Wells L, Belendiuk G 
(1987) Preliminary results of a double 
blind, randomized, placebo-controlled 
trial of cyclosporin A in myasthenia 
gravis. N Engl J Med 316: 719-724 

36. Textor CS, Smith-Powell L, Telles T 

37. Tindall RSA, Rollins JA, Phillips JT, 

38. TurlaMB, Park SM, Webb RC (1990) 
Vascular responsiveness to phorbol 
esters in coarctation hypertensive rats. 
J Hypertens 8: 191-196 

39. Wagner K, Albrecht S, Neumayer HH 
(1987) Prevention of posttransplant 
acute tubular necrosis by the calcium 
antagonist diltiazem: a prospective ran- 
domized study. Am J Nephrol7: 287- 
291 

RJL, Thomson AW (1983) Pathological 
changes in rats receiving cyclosporin A 
at immunotherapeutic dosage for 
7 weeks. Br J Exp Pathol64: 437444 

41. Xue H, Bukowski RD, McCarron DA, 
Bennet WM (1987) Induction of con- 
traction in isolated rat aorta by cyclo- 
sporin. Transplantation 43: 715-718 

40. Whiting PH, Simpson JG, Davidson 


