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The Effects of Dipyridamole on Serum and
Urine Calcium and Phosphorus Levels
in Healthy Volunteers

Saglikli Goniillilerde Dipridamolun
Serum ve Idrar Kalsiyum Fosfor Diizeylerine
Etkisi

ABSTRACT Opbjective: It has been demonsrated that dipyridamole (D), increases serum phos-
phorus (P) levels and decreases urinary P excretion in some patients with hypophosphatemia.
In this study we investigated the effects of D on the serum and urine P levels in healthy volun-
teers. Material and Methods: Twenty-six healthy volunteers older than 18 years were inclu-
ded. D was given orally 3 times 75 mg daily for 7 days. In blood and urine samples biochemical
tests were done before and after D. Results: After D therapy: Serum Ca and Mg levels and uri-
nary Ca excretion increased significantly (p< 0.05 for all). Daily urinary K excretion decreased
(p< 0.069). Glomerular filtration rate (GFR), serum P level and daily urinary P excretion did not
change. Tubular phosphorus reabsorption (TPR) and serum P and kidney threshold for P ex-
cretion (TmP/GFR) decreased (p<0.05 for all). Conclusion: D treatment did not change serum
P levels and urinary P excretion, decreased TPR and renal P threshold in healthy volunteers
These results can be related with duration of D therapy, normophosphatemia condition and
our study was relatively small. D increased serum Ca level and daily urinary Ca excretion whi-
le serum PTH concentration and serum vitamin D level remained unchanged in healthy volun-
teers and renal tubular phosphorus reabsorption and renal phosphorus threshold decreased with
oral D treatment. In spite of GFR did not change, tubular functions such as reabsorbtion and
threshold of P, urinary excretion of K and Ca, can be affected with D treatment. We need sim-
ilar studies exploring probable mechanisms in larger groups.
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OZET Amag: Dipridamol (D)’un, hipofosfatemili bazi hastalarda serum fosforunu yiikselttigi ve
idrarla P atiliminda azalmaya yol a¢tig1 bilinmektedir. Bu caligmada, saghikli goniilliilerde
dipridamolun serum ve idrar P diizeylerine olan etkisini aragtirdik. Gereg ve Yontemler: On se-
kiz yasindan biiyiik 26 saglikli goniillitye 3 x 75 mg/giin D verildi. Tedavinin baslangicinda ve so-
nunda kan ve idrar érneklerinde biyokimyasal testler yapildi. Bulgular: D tedavisi sonrasi serum
Ca ve Mg seviyesi ve idrarla giinliik Ca atilimi artt1 (p< 0.05 hepsi i¢gin). Giinliik idrar K atilimi
azaldi (p< 0.069). Glomeruler filtrasyon hizi (GFR), serum P diizeyi ve giinliik tiriner P atilim1
degismemisti. Tiibiiler fosfor geri emilimi (TPR) ve P atiliminda serum P ve bobrek esigi
(TmP/GFR) azalmist1 (p<0.05, hepsinde). Sonug: Saglikli goniilliillerde 7 giinlitk D tedavisi ile se-
rum P seviyesi ve idrarla P atilim1 degismedi. Fakat D, TPR ve bébrek P esigini azaltt1. Bu sonug-
lar D tedavi siiresinin sadece 7 giin olmasi, serum P diizeyinin normal olmasi ve ¢aligmadaki olgu
say1sinin az olmasi ile ilgili olabilir. Bu etkiler serum P diizeyi disiik veya GFR’si azalmis hasta-
lardakinden farkl idi. Ayrica PTH ve D vitamini diizeyi degismedi ancak serum Ca seviyesi ve
idrarla Ca atilimi artig gosterdi. D tedavisi ile GFR degismedigi halde tiibiiler P geri emilimi ve P
esigi ve idrarla Ca ve K atilimi gibi bazi tiibiiler fonksiyonlar etkilenebilir. Daha biiyiik gruplar-
da olas1 mekanizmalarin aragtirilmasi ile bu konu daha iyi degerlendirilebilecektir.

Anahtar Kelimeler: Dipridamol; fosfor; elektrolitler
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he inhibitor mechanisms of the dipyridamo-
Tle (D) on the platelet aggregation and adhesi-

on are not known exactly. It has been
proposed that it inhibits the re-uptake of adenosine
of erythrocytes, increases 3.5 adenosine monop-
hosphate by inhibiting phospho-diesterase in plate-
lets and prohibits the synthesis of thromboxan A2
which is activator of platelets.! D causes vasodilata-
tion by inhibiting adenosine destruction and for this
reason it has been used in heart-vessel diseases since
long time. In addition to these known effects, it has
been reported that it decreases urine P excretion and
increases serum P level in patients with primary hy-
perparathyroidism and in cases with low serum P
and low renal P threshold.? It was reported that ade-
nosine stimulates phosphate and glucose transport in
opossum kidney epithelial cells.? In a similar way we
observed an increase in serum P level with D ther-
apy in renal transplant receivers with hypophospha-
temia.* In addition we detected an increase in serum
PTH level in chronic renal failure (CRF) (stage 2, 3,
4) patients treated with D.> The aim of this study was
to investigate the changes in urine P excretion in he-
althy volunteers treated with D.

I MATERIAL AND METHODS

Healthy volunteers were included in this study. In-
clusion criteria: Age older than 18, without abnor-
mal findings including physical examination,
medical history and laboratory measurements and
drug usage, acceptance of the volunteer to enter the
study and to receive study drug D for 7 days. They
were on their standard diet.

Blood samples were taken after 12 hours star-
vation and hemoglobin (Hb), hemotocrit (Hct), pla-
telet glucose, blood urea nitrogen (BUN), creatinine
(Cr), sodium (Na), potassium (K), chlorur (Cl), phos-
phorus (P), calcium (Ca), magnesium (Mg), total
protein, albumin, alkaline phosphatase (ALP), as-
partate aminotransferase (AST), alanineaminot-
ransferase (ALT), gamma glutamine transpeptidase
(GGT), parathormone (PTH), Vitamin D2, platelet
aggregation tests (collogen, ristocetin, thrombin)
were tested. Daily urine samples simultaneously
were analyzed for BUN, Cr, Na, K, Cl, Mg, Ca, P, Cr
and protein. Blood samples were taken to standard
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tubes and EDTA containing tubes. Roche modular
DPP system was used for biochemical analyses. En-
zymatic colorimetric method used for AST, ALT,
ALP and GGT measurements. Colorimetry (photo-
metry) was used for glucose, BUN, Cr, Na, K, CI,
Mg, Ca, P, total protein, albumin, PTH and Vitamin
D,. Beckmanin LH-750 Coulter-Counter system
was used for complete blood count. Platelet agrega-
tion tests were performed by using Chrono-log 500-
vs machine and Agro-link system.

Creatinine clearance (CCl) was calculated with
Cockcroft-Gault formula. Fractionated sodium ex-
cretion (FEx Na), Tubular P reabsorbtion (TPR),
Fractionated P excretion (FEx P) were calculated
with formulas shown below:

® FEx Na= FEx Na: Urine Na X Plasma Cr/Uri-
ne Cr X Plasma Na,

= TPR: 1-(Urine P X Serum Cr/Urine Cr X
Plasma P),

® FEx P: (Urine P X Plasma Cr/Plasma P X
Urine Cr) x100.

® Renal P threshold (TmP/GFR) was calcula-
ted with Walton RJ, Bijvoet OLM nomogram.®

After basal evaluation, D (Drisentin 75 mg-Sa-
novel), 3 x 75 mg daily dose, was given orally for 7
days to healthy volunteers. Blood and urine tests
were repeated at the end of 7 day. Seven of 33 vol-
unteers were excluded for intolerance (headache,
hypotension and leg pain) to D.

Ethical approval has been taken from Cukuro-
va University Ethic Council (Date 07/06/2006). Pa-
tients were informed about the possible side effects
of the drug

STATISTICAL ANALYSIS

Results have been given as minimum, maximum
values and mean + standard deviation. SPSS v.14
has been used for statistical analyses. Dependent t
test has been used for the serum parameters (Ca, P,
Cr, Na) before and after drug using. Wilcoxon test
was used in nonparametric measurements. p value
<=0.05 was used for statistical significance.

This study has been supported by Cukurova
University Scientific Research Project Fund (pro-
ject no: TF2006BAP28).
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I RESULTS

Study group was consisted of 26 healthy volunte-
ers. Male/female ratio was 15/11 Mean ages for ma-
le and female were 36.67 + 8.51 (Range 26-55) and
35.55 +9.76 (R 21-55), respectively. Test results be-
fore and after 7 days D therapy, have been shown
in Table 1. Figure 1 shows the changes in serum
Mg, Ca and P levels. Figure 2 shows the decreases
in TmP/GFR (from 3.60 + 0.60 mg/dL to 3.30 + 0.57
mg/dL (p=0.039) and TPR (from 0.88 + 0.35 to 0.84
+0.56 (p=0.001). TmP/GFR change was important
according to the t test but not according to the Wil-
coxon Signed Rank Test (p value 0.051). Figure 3
shows urinary P [from 0.61 + 0.32 g/day to 0.65 +
0.31 g/day (p= 0.485)] and urinary Ca levels (from
100.31 +49.09 mg/day to 134.73 + 68.98 mg/day [p=
0.015]).

I DISCUSSION

Phosphate plays an important role in cell metabo-
lism and bone mineralization. In physiologic con-
ditions serum P is higher than 0.8 mmol. Kidney is
the essential organ in P homeostasis. In adults 80%
of filtreted P is reabsorbed from proximal tubule
and this re-absorption is under PTH control.”® P
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loss from urine, as seen in primary hyperparath-
yroidism and PTH related peptide excretion, may
be associated with excess PTH secretion. Additio-
nally urinary P loss increases in Fanconi syndro-
me, congenital or acquired renal tubular acidosis
and oncogenic osteomalacia and even it may be id-
iopathic.”'° P loss from urine causes hypophospha-
temia, urolithiasis or bone demineralization.??
Renal P loss is treated with increased P intake
and/or vitamin D. However this therapy may sti-
mulate occurrence of renal stone. Michaut et al. re-
ported that D decreases renal P loss in human.?
Although any changes in serum P, TmP/GFR, PTH,
1.25 dihydroxy vitamin D, alkaline phosphatase,
osteocalcin and urinary Ca and cAMP excretion
has not been found in 6 cases with X-linked hypop-
hosphatemia treated by D for 14 weeks.!! An incre-
ase in serum P and kidney threshold for P excretion
(TmP/GFR), a decrease in fractionated P excretion
with 30 minutes D infusion have been shown in 48
cases (12 normal, 9 primary hyperparathyroidism,
27 cases with hypophosphatemi unrelated with
PTH).2 We also found an important increase in se-
rum P and TPR and a decrease in urinary P excre-
tion in 11 renal transplant recipients treated by D
for 3 weeks.* There was a positive correlation bet-

TABLE 1: Test results before and after 7 days dipyridamole therapy.

Before D (mean = SD)
(min-max)

Na (mmollL) 142.42 + 3.31 (137-148)
Ca (mg/dL) 9.84 +0.35 (9.1-10.5)
Mg (mg/dL) 2.05 £ 0.13 (1.8-2.3)

Urine Ca (mg/day)
Urine K (mmol/day)
TPR

F ExP

TmP/GFR (mg/dL)
K {mmol/L)

P (mg/dL)

CaxP

PTH (pg/mL)
VTt.D2 (ng/mL)
Urine P (g/day)
Urine Na {mmol/day)
CrCl (ml/min)

F Ex Na

100.31 + 49.09 (35-257)
46.24 + 2035 (14.6-112.2)
0.88 0.35
11.42 £3.87
3.6+0.60 (2.6-5)
453+ 0.41 (3.76-5.34)
358 + 051 (2.64.7)
35.15 + 4.95 (26.5-46)
42.26 + 20.06 (22.47-91.72)
41.00 + 26.42 (10-118)
0.61 + 0.32 (0.2-1.45)
162.38 + 64.58 (68-315)
124.31 + 25.30
1.05 + 0.55

After D (mean = SD)

(min-max) P
138.96 + 4.69 (126-146) 0.003
10.15+0.64 (9.1-11.6) 0.008
2.32£0.52 (1.8-3.5) 0.042
134.73 + 68.98 (29-280) 0.015
38.98 + 12.87 (7-65) 0.069
0.84 +0.56 0.001
16.30 £ 6.07 0.001
3.3+0.57(3.2-4.4) 0.039
4.40 + 0.29 (3.94-4.96) 0.106
3.64 £0.43 (3-4.8) 0.509
36.86 + 4.27 (31-49) 0.218
42.78 +21.10 (13.17-88.85) 0.909
36.79 £ 22.89 (6-101) 0.137
0.65 +0.31 (0.05-1.27) 0.485
165.88 £ 60.71 (44-327) 0.751
124.92 + 26.82 0.826
1.02 £ 0.45 0.909
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FIGURE 1: Serum Ca, P and Mg levels before and 7 days after dipyridamo-
le (p=0.008, p= 0.509, p= 0.042 respectively).

1.4 S ':F

TR arE Tal /3R TFE =
[LEE ST [ LI B v [ET T

FIGURE 2: TmP/GFR and TPR measurements before and after 7 days of
dipyridamole (p= 0.039, p= 0.001 respectively).

ween TPR and serum P increase. Although ongoing
hyperparathyroidism causes to hypophosphatemi-
a in renal transplant recipients it has been sugges-
ted that phosphatonins contribute to this
hypophospatemia.'? It was found that oral P sup-
port caused hypophosphatemia in hypophosphate-
mic patients.'® This effect was explained as oral
phosphorus decreases vitamin D and stimulates se-
cretion of PTH.'? In another our study we did not
detect any change in serum P, Ca, Na, urinary P,
Ca, TPR in 30 cases with CRF (grade III, IV) trea-
ted with D for 4 weeks but we found an increase

in PTH. For this reason it can be thought that D
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may increase the peripheral resistance to PTH. It
is known that PTH activates adenylatecyclase and
peripheral effects occur with cAMP.? D prevents
adenosine re-uptake and decreases the intracellular
cAMP and so D may cause resistance to the perip-
heral effects of PTH. We detected also in the pres-
ent study that D caused change of TPR and
TmPGFR in healthy volunteers. However, decrea-
se of TPR and TmPGFR secondary to D therapy,
was contrast to the results of other studies. But the
TPR and TmPGFR after D, were not abnormal le-
vel. Although we did not detect a change in plate-
let functions, PTH level and renal functions tests,
we detected important changes in serum Na, Ca,
Mg and urinary Ca, K, and TPR with D therapy.
The increase in urinary Ca was important while
there was no change in vitamin D, or PTH. As
known, PTH shows its effect with cAMP. It has be-
en found that D does not change urinary cAMP/ce-
atinine ratio in cases with low renal P threshold.'*
But another study showed that urinary cAMP ex-
cretion was found to be decreased with D therapy.?

In our study, decreases in urinary K and serum
Na may be related with changes in aldesteron. It
has been reported that D inhibits renin in hyper-
tensive cases.”” We did not measure the levels of
intracellular K and serum aldesteron and blood pH.
In our study, changes in serum and/or urinary Ca,
Mg, K, Na concentrations suggest the importance

- B O
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FIGURE 3: Urinary P (from 0.61 + 0.32 g/day to 0.65 + 0.31 g/day (p= 0.485)
and Ca levels (from 100.31 + 49.09 mg/day to 134S.73 + 68.98 mg/day (p=
0.015) before and 7 days after dipyridamole.
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of the effects of D in renal tubules and other cells.
In contrast to the other studies different result for
P excretion may be due to the D schedule which
30 minutes D infusion was made in another study.
In other study, data was obtained from low TPR
patients treated with 12 months D. In second study
the increase in TPR was most prominent from the
beginning until 9 months and there was not an ad-
ditional increase after this time. In this study pati-
ents had hypophosphatemi and low TPR in
contrast to our healthy volunteers. There was not
a change with 12 weeks D therapy in serum P,
PTH, 25(OH)2, Vitamin D, osteocalcin, TmP/GFR
and urinary excretion of Ca and 3,5 cAMP.!
D effects on TPR and TmP/GFR were different in
various studies. In contrast to the literature infor-
mation, we found a decrease in TPR and TmP /GFR
in healthy volunteers treated by D with 3 x 75 mg
dosage. However we previously found different re-
sults in other our studies related with D in patients
with renal transplantation and chronic renal failu-
re. In our first study we found an increase in TPR
in hypophosphatemic renal transplant recipients
treated with D.* In our second study, we did not
find a change in TPR in patients with CRF. What

Cemal KURT et al

is the meaning of the increase in serum and urinary
Ca and no change in Vitamin D2 and PTH in he-
althy volunteers as observed in patients with CREF?
It can be related with change in the response to
PTH, or it may be due to the D effect on the Ca, P
absorption via type II Na-P co-transporter recep-
tors in small intestine. The net effects of D can be
different in physiologic and pathologic conditions
and dose and duration of D therapy.

In summary in healthy volunteers oral D the-
rapy for 7 days schedule caused, a decrease in TPR
and Tm/GFR, increase in fractional excretion of P
and no change in serum P and urinary P excretion.
Additionally we found an increase in serum Ca, Mg
and urinary Ca, a decrease in serum Na and daily
urinary K loss. These effects were different than
that of in patients with lower serum P level or de-
creased GFR. While GFR did not change, tubular
functions such as renal tubular reabsorbtion and
threshold of P, urinary excretion of K and Ca, can
be affected with D treatment. Similar study with
larger number of volunteers will be more informa-
tive about the results and we believe that the eval-
uation of possible mechanisms may define the exact
causes of these variable results.
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