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The Effects of Dipyridamole on Serum and
Urine Calcium and Phosphorus Levels

in Healthy Volunteers

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  It has be en de mon sra ted that dip yri da mo le (D), in cre a ses se rum phos-
p ho rus (P) le vels and dec re a ses uri nary P ex cre ti on in so me pa ti ents with hypop hosp ha te mi a.
In this study we in ves ti ga ted the ef fects of D on the se rum and uri ne P le vels in he althy vo lun-
te ers. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Twenty-six he althy vo lun te ers ol der than 18 ye ars we re inc lu -
ded. D was gi ven orally 3 ti mes 75 mg da ily for 7 days. In blo od and uri ne samp les bi oc he mi cal
tests we re do ne be fo re and af ter D. RRee  ssuullttss::  Af ter D the rapy: Se rum Ca and Mg le vels and uri-
nary Ca ex cre ti on in cre a sed sig ni fi cantly (p< 0.05 for all). Da ily uri nary K ex cre ti on dec re a sed
(p< 0.069). Glo me ru lar fil tra ti on ra te (GFR), se rum P le vel and da ily uri nary P ex cre ti on did not
chan ge. Tu bu lar phosp ho rus re ab sorp ti on (TPR) and serum P and kidney threshold for P ex-
cretion (TmP/GFR) dec re a sed (p<0.05 for all). CCoonncc  lluu  ssii  oonn::  D tre at ment did not chan ge se rum
P le vels and uri nary P ex cre ti on, dec re a sed TPR and re nal P thres hold in he althy vo lun te ers
The se re sults can be re la ted with du ra ti on of D the rapy, nor mop hosp ha te mi a con di ti on and
our study was re la ti vely small. D in cre a sed se rum Ca le vel and da ily uri nary Ca ex cre ti on whi -
le se rum PTH con cen tra ti on and se rum vi ta min D le vel re ma i ned unc han ged in he althy vo lun-
te ers and re nal tu bu lar phosp ho rus re ab sorp ti on and re nal phosp ho rus thres hold dec re a sed with
oral D tre at ment. In spi te of GFR did not chan ge, tu bu lar func ti ons such as re ab sorb ti on and
thres hold of P, uri nary ex cre ti on of K and Ca, can be af fec ted with D tre at ment. We ne ed si m-
i lar stu di es exp lo ring pro bab le mec ha nisms in lar ger gro ups.

KKeeyy  WWoorrddss::  Dip yri da mo le; phosp ho rus; elec troly tes   

ÖÖZZEETT  AAmmaaçç::  Dip ri da mol (D)’un, hi po fos fa te mi li ba zı has ta lar da se rum fos fo ru nu yük selt ti ği ve
id rar la P atı lı mın da azal ma ya yol aç tı ğı bi lin mek te dir. Bu ça lış ma da, sağ lık lı gö nül lü ler de
dipridamolun se rum ve id rar P dü zey le ri ne olan et ki si ni araş tır dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  On  se -
kiz ya şın dan bü yük 26 sağ lık lı gö nül lü ye 3 x 75 mg/gün D ve ril di. Te da vi nin baş lan gı cın da ve so -
nun da kan ve id rar ör nek le rin de bi yo kim ya sal test ler ya pıl dı. BBuull  gguu  llaarr::  D te da vi si son ra sı se rum
Ca ve Mg se vi ye si ve id rar la gün lük Ca atı lı mı art tı (p< 0.05 hep si için). Gün lük id rar K atı lı mı
azal dı (p< 0.069). Glomeruler filtrasyon hızı (GFR), serum P düzeyi ve günlük üriner P atılımı
değişmemişti. Tübüler fosfor geri emilimi (TPR) ve P atılımında serum P ve böbrek eşiği
(TmP/GFR) azalmıştı (p<0.05, hepsinde). SSoo  nnuuçç:: Sağ lık lı gö nül lü ler de 7 gün lük D te da vi si ile se -
rum P se vi ye si ve id rar la P atı lı mı de ğiş me di. Fa kat D, TPR ve böb rek P eşi ği ni azalt tı. Bu so nuç -
lar D te da vi sü re si nin sa de ce 7 gün ol ma sı, se rum P dü ze yi nin nor mal ol ma sı ve ça lış ma da ki ol gu
sa yı sı nın az ol ma sı ile il gi li ola bi lir. Bu et ki ler se rum P dü ze yi dü şük ve ya GFR’si azal mış has ta -
lar da kin den fark lı idi. Ay rı ca PTH ve D vi ta mini dü ze yi de ğiş me di an cak se rum Ca se vi ye si ve
id rar la Ca atı lı mı ar tış gös ter di. D te da vi si ile GFR de ğiş me di ği hal de tü bü ler P ge ri emi li mi ve P
eşi ği ve id rar la Ca ve K atı lı mı gi bi ba zı tü bü ler fonk si yon lar et ki le ne bi lir. Da ha bü yük grup lar -
da ola sı me ka niz ma la rın araş tı rıl ma sı ile bu ko nu da ha iyi de ğer len di ri le bi le cek tir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Di p ri da mol; fos for; elek tro lit ler       
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he in hi bi tor mec ha nisms of the dip yri da mo -
le (D) on the pla te let ag gre ga ti on and ad he si -
on are not known exactly. It has be en

pro po sed that it in hi bits the re-up ta ke of ade no si ne
of eryt hrocy tes, in cre a ses 3.5 ade no si ne mo nop -
hosp ha te by in hi bi ting phosp ho-di es te ra se in pla te -
lets and pro hi bits the synthe sis of throm bo xan A2
which is ac ti va tor of pla te lets.1 D ca u ses va so di la ta -
ti on by in hi bi ting ade no si ne des truc ti on and for this
re a son it has be en used in he art-ves sel di se a ses sin ce
long ti me. In ad di ti on to the se known ef fects, it has
be en re por ted that it dec re a ses uri ne P ex cre ti on and
in cre a ses se rum P le vel in pa ti ents with pri mary hy-
per pa rath yro i dism and in ca ses with low se rum P
and low re nal P thres hold.2 It was re por ted that ade -
no si ne sti mu la tes phosp ha te and glu co se trans port in
opos sum kid ney epit he li al cells.3 In a si mi lar way we
ob ser ved an in cre a se in se rum P le vel with D the r-
apy in re nal trans plant re ce i vers with hypop hosp ha -
te mi a.4 In ad di ti on we de tec ted an in cre a se in se rum
PTH le vel in chro nic re nal fa i lu re (CRF) (sta ge 2, 3,
4) pa ti ents tre a ted with D.5 The aim of this study was
to in ves ti ga te the chan ges in uri ne P ex cre ti on in he -
althy vo lun te ers tre a ted with D.

MA TE RI AL AND MET HODS 
He althy vo lun te ers we re inc lu ded in this study. In-
c lu si on cri te ri a: Age ol der than 18, wit ho ut ab nor -
mal fin dings inc lu ding physi cal exa mi na ti on,
me di cal his tory and la bo ra tory me a su re ments and
drug usa ge, ac cep tan ce of the vo lun te er to en ter the
study and to re ce i ve study drug D for 7 days. They
we re on the ir stan dard di et.

Blo od samp les we re ta ken af ter 12 ho urs star-
va ti on and he mog lo bin (Hb), he mo toc rit (Hct), pla -
te let glu co se, blo od ure a nit ro gen (BUN), cre a ti ni ne
(Cr), so di um (Na), po tas si um (K), chlo rur (Cl), phos-
p ho rus (P), cal ci um (Ca), mag ne si um (Mg), to tal
pro te in, al bu min, al ka li ne phosp ha ta se (ALP), as-
par ta te ami not rans fe ra se (AST), ala ni ne a mi not -
rans fe ra se (ALT), gam ma glu ta mi ne trans pep ti da se
(GGT), pa rat hor mo ne (PTH), Vi ta min D2, pla te let
ag gre ga ti on tests (col lo gen, ris to ce tin, throm bin)
we re tes ted. Da ily uri ne samp les si mul ta ne o usly
we re analy zed for BUN, Cr, Na, K, Cl, Mg, Ca, P, Cr
and pro te in. Blo od samp les we re ta ken to stan dard

tu bes and ED TA con ta i ning tu bes. Roc he mo du lar
DPP system was used for bi oc he mi cal analy ses. En-
z yma tic co lo ri met ric met hod used for AST, ALT,
ALP and GGT me a su re ments. Co lo ri metry (pho to -
metry) was used for glu co se, BUN, Cr, Na, K, Cl,
Mg, Ca, P, to tal pro te in, al bu min, PTH and Vi ta min
D2. Beck ma nın LH-750 Co ul ter-Co un ter system
was used for comp le te blo od co unt. Pla te let ag re ga -
ti on tests we re per for med by using Chro no-log 500-
vs mac hi ne and Ag ro-link system.

Cre a ti ni ne cle a ran ce (CCl) was cal cu la ted with
Cock croft-Ga ult for mu la. Frac ti o na ted so di um ex-
cre ti on (FEx Na), Tu bu lar P re ab sorb ti on (TPR),
Frac ti o na ted P ex cre ti on (FEx P) we re cal cu la ted
with for mu las shown be low:

FEx Na= FEx Na: Uri ne Na X Plas ma Cr/Uri -
ne Cr X Plas ma Na, 

TPR: 1-(Uri ne P X Se rum Cr/Uri ne Cr X
Plas ma P),

FEx P: (Uri ne P X Plas ma Cr/Plas ma P X
Uri ne Cr) x100.

Re nal P thres hold (TmP/GFR) was cal cu la -
ted with Wal ton RJ, Bij vo et OLM no mog ram.6

Af ter ba sal eva lu a ti on, D (Dri sen tin 75 mg-Sa -
no vel), 3 x 75 mg da ily do se, was gi ven orally for 7
days to he althy vo lun te ers. Blo od and uri ne tests
we re re pe a ted at the end of 7 day. Se ven of 33 vo l-
un te ers we re exc lu ded for in to le ran ce (he a dac he,
hypo ten si on and leg pa in) to D.

Et hi cal ap pro val has be en ta ken from Çu ku ro -
va Uni ver sity Et hic Co un cil (Da te 07/06/2006). Pa-
ti ents we re in for med abo ut the pos sib le si de ef fects
of the drug

STA TIS TI CAL ANALY SIS 

Re sults ha ve be en gi ven as mi ni mum, ma xi mum
va lu es and me an ± stan dard de vi a ti on. SPSS v.14
has be en used for sta tis ti cal analy ses. De pen dent t
test has be en used for the se rum pa ra me ters (Ca, P,
Cr, Na) be fo re and af ter drug using. Wil co xon test
was used in non pa ra met ric me a su re ments. p va lue
<= 0.05 was used for sta tis ti cal sig ni fi can ce. 

This study has be en sup por ted by Çu ku ro va
Uni ver sity Sci en ti fic Re se arch Pro ject Fund (pro-
ject no: TF2006BAP28).
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RE SULTS
Study gro up was con sis ted of 26 he althy vo lun te -
ers. Ma le/fe ma le ra ti o was 15/11 Me an ages for ma -
le and fe ma le we re 36.67 ± 8.51 (Ran ge 26-55) and
35.55 ± 9.76 (R 21-55), res pec ti vely. Test re sults be-
fo re and af ter 7 days D the rapy, ha ve be en shown
in Tab le 1. Fi gu re 1 shows the chan ges in se rum
Mg, Ca and P le vels. Fi gu re 2 shows the dec re a ses
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 chan ge was im por tant
ac cor ding to the t test but not ac cor ding to the Wil -
co xon Sig ned Rank Test (p va lu e 0.051). Fi gu re 3
shows uri nary P [from 0.61 ± 0.32 g/day to 0.65 ±
0.31 g/day (p= 0.485)] and uri nary Ca le vels (from
100.31 ± 49.09 mg/day to 134.73 ± 68.98 mg/day [p=
0.015]).

DIS CUS SI ON
Phosp ha te plays an im por tant ro le in cell me ta bo -
lism and bo ne mi ne ra li za ti on. In physi o lo gic con-
di ti ons se rum P is hig her than 0.8 mmol. Kid ney is
the es sen ti al or gan in P ho me os ta sis. In adults 80%
of fil tre ted P is re ab sor bed from pro xi mal tu bu le
and this re-ab sorp ti on is un der PTH con trol.7,8 P

loss from uri ne, as se en in pri mary hyper pa rath -
yro i dism and PTH re la ted pep ti de ex cre ti on, may
be as so ci a ted with ex cess PTH sec re ti on. Ad di ti o -
nally uri nary P loss in cre a ses in Fan co ni syndro -
me, con ge ni tal or ac qu i red re nal tu bu lar aci do sis
and on co ge nic os te o ma la ci a and even it may be id-
i o pat hic.9,10 P loss from uri ne ca u ses hypop hosp ha -
te mi a, uro lit hi a sis or bo ne de mi ne ra li za ti on.2,3

Re nal P loss is tre a ted with in cre a sed P in ta ke
and/or vi ta min D. Ho we ver this the rapy may sti -
mu la te oc cur ren ce of re nal sto ne. Mic ha ut et al. re-
por ted that D dec re a ses re nal P loss in hu man.2

Alt ho ugh any chan ges in se rum P, TmP/GFR, PTH,
1.25 dihy droxy vi ta min D, al ka li ne phosp ha ta se,
os te o cal cin and uri nary Ca and cAMP ex cre ti on
has not be en fo und in 6 ca ses with X-lin ked hypop -
hosp ha te mi a tre a ted by D for 14 we eks.11 An in cre -
a se in se rum P and kid ney thres hold for P ex cre ti on
(TmP/GFR), a dec re a se in frac ti o na ted P ex cre ti on
with 30 mi nu tes D in fu si on ha ve be en shown in 48
ca ses (12 nor mal, 9 pri mary hyper pa rath yro i dism,
27 ca ses with hypop hosp ha te mi un re la ted with
PTH).2 We al so fo und an im por tant in cre a se in se -
rum P and TPR and a dec re a se in uri nary P ex cre -
ti on in 11 re nal trans plant re ci pi ents tre a ted by D
for 3 we eks.4 The re was a po si ti ve cor re la ti on bet -
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Before D (mean ± SD) After D (mean ± SD)

(min-max) (min-max) P

Na (mmol/L) 142.42 ± 3.31 (137-148) 138.96 ± 4.69 (126-146) 0.003

Ca (mg/dL) 9.84 ± 0.35 (9.1-10.5) 10.15 ± 0.64 (9.1-11.6) 0.008

Mg (mg/dL) 2.05 ± 0.13 (1.8-2.3) 2.32 ± 0.52 (1.8-3.5) 0.042

Urine  Ca (mg/day) 100.31 ± 49.09 (35-257) 134.73 ± 68.98 (29-280) 0.015

Urine K (mmol/day) 46.24 ± 20.35 (14.6-112.2) 38.98 ± 12.87 (7-65) 0.069

TPR 0.88 ± 0.35 0.84 ± 0.56 0.001

F ExP 11.42 ± 3.87 16.30 ± 6.07 0.001

TmP/GFR (mg/dL) 3.6 ± 0.60 (2.6-5) 3.3 ± 0.57 (3.2-4.4) 0.039

K (mmol/L) 4.53 ± 0.41 (3.76-5.34) 4.40 ± 0.29 (3.94-4.96) 0.106

P (mg/dL) 3.58 ± 0.51 (2.6-4.7) 3.64 ± 0.43 (3-4.8) 0.509

CaXP 35.15 ± 4.95 (26.5-46) 36.86 ± 4.27 (31-49) 0.218

PTH (pg/mL) 42.26 ± 20.06 (22.47-91.72) 42.78 ± 21.10 (13.17-88.85) 0.909

VTt.D2 (ng/mL) 41.00 ± 26.42 (10-118) 36.79 ± 22.89 (6-101) 0.137

Urine P (g/day) 0.61 ± 0.32 (0.2-1.45) 0.65 ± 0.31 (0.05-1.27) 0.485

Urine Na (mmol/day) 162.38 ± 64.58 (68-315) 165.88 ± 60.71 (44-327) 0.751

CrCl (ml/min) 124.31 ± 25.30 124.92 ± 26.82 0.826

F Ex Na 1.05 ± 0.55 1.02 ± 0.45 0.909

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



we en TPR and se rum P in cre a se. Alt ho ugh on go ing
hyper pa rath yro i dism ca u ses to hypop hosp ha te mi -
a in re nal trans plant re ci pi ents it has be en sug ges -
ted that phosp ha to nins con tri bu te to this
hypop hos pa te mi a.12 It was fo und that oral P sup-
port ca u sed hypop hosp ha te mi a in hypop hosp ha te -
mic pa ti ents.13 This ef fect was exp la i ned as oral
phosp ho rus dec re a ses vi ta min D and sti mu la tes se-
c re ti on of PTH.12 In anot her our study we did not
de tect any chan ge in se rum P, Ca, Na, uri nary P,
Ca, TPR in 30 ca ses with CRF (gra de II I, IV) tre a -
ted with D for 4 we eks but we fo und an in cre a se
in PTH.5 For this re a son it can be tho ught that D

may in cre a se the pe rip he ral re sis tan ce to PTH. It
is known that PTH ac ti va tes adeny la tecy cla se and
pe rip he ral ef fects oc cur with cAMP.2 D pre vents
ade no si ne re-up ta ke and dec re a ses the in tra cel lu lar
cAMP and so D may ca u se re sis tan ce to the pe rip -
he ral ef fects of PTH. We de tec ted al so in the pre s-
ent study that D ca u sed chan ge of TPR and
TmPGFR in he althy vo lun te ers. Ho we ver, dec re a -
se of TPR and TmPGFR se con dary to D the rapy,
was con trast to the re sults of ot her stu di es. But the
TPR and TmPGFR af ter D, we re not ab nor mal le -
vel. Alt ho ugh we did not de tect a chan ge in pla te -
let func ti ons, PTH le vel and re nal func ti ons tests,
we de tec ted im por tant chan ges in se rum Na, Ca,
Mg and uri nary Ca, K, and TPR with D the rapy.
The in cre a se in uri nary Ca was im por tant whi le
the re was no chan ge in vi ta min D2 or PTH. As
known, PTH shows its ef fect with cAMP. It has be -
en fo und that D do es not chan ge uri nary cAMP/ce -
a ti ni ne ra ti o in ca ses with low re nal P thres hold.14

But anot her study sho wed that uri nary cAMP ex-
cre ti on was fo und to be dec re a sed with D the rapy.2

In our study, dec re a ses in uri nary K and se rum
Na may be re la ted with chan ges in al des te ron. It
has be en re por ted that D in hi bits re nin in hyper -
ten si ve ca ses.15 We did not me a su re the le vels of
in tra cel lu lar K and se rum al des te ron and blo od pH.
In our study, chan ges in se rum and/or uri nary Ca,
Mg, K, Na con cen tra ti ons sug gest the im por tan ce
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FI GU RE 1: Se rum Ca, P and Mg le vels be fo re and 7 days af ter dip yri da mo -
le (p= 0.008, p= 0.509, p= 0.042 res pec ti vely).

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

FI GU RE 3: Uri nary P (from 0.61 ± 0.32 g/day to 0.65 ± 0.31 g/day (p= 0.485)
and Ca le vels (from 100.31 ± 49.09 mg/day to 134S.73 ± 68.98 mg/day (p=
0.015) be fo re and 7 days af ter dip yri da mo le. 



of the ef fects of D in re nal tu bu les and ot her cells.
In con trast to the ot her stu di es dif fe rent re sult for
P ex cre ti on may be du e to the D sche du le which
30 mi nu tes D in fu si on was ma de in anot her study.
In ot her study, da ta was ob ta i ned from low TPR
pa ti ents tre a ted with 12 months D. In se cond study
the in cre a se in TPR was most pro mi nent from the
be gin ning un til 9 months and the re was not an ad-
di ti o nal in cre a se af ter this ti me. In this study pa ti -
ents had hypop hosp ha te mi and low TPR in
con trast to our he althy vo lun te ers. The re was not
a chan ge with 12 we eks D the rapy in se rum P,
PTH, 25(OH)2, Vi ta min D, os te o cal cin, TmP/GFR
and uri nary ex cre ti on of Ca and 3,5 cAMP.11

D ef fects on TPR and TmP/GFR we re dif fe rent in
va ri o us stu di es. In con trast to the li te ra tu re in for -
ma ti on, we fo und a dec re a se in TPR and TmP /GFR
in he althy vo lun te ers tre a ted by D with 3 x 75 mg
do sa ge. Ho we ver we pre vi o usly fo und dif fe rent re-
sults in ot her our stu di es re la ted with D in pa ti ents
with re nal trans plan ta ti on and chro nic re nal fa i lu -
re. In our first study we fo und an in cre a se in TPR
in hypop hosp ha te mic re nal trans plant re ci pi ents
tre a ted with D.4 In our se cond study, we did not
find a chan ge in TPR in pa ti ents with CRF. What

is the me a ning of the in cre a se in se rum and uri nary
Ca and no chan ge in Vi ta min D2 and PTH in he -
althy vo lun te ers as ob ser ved in pa ti ents with CRF?
It can be re la ted with chan ge in the res pon se to
PTH, or it may be du e to the D ef fect on the Ca, P
ab sorp ti on vi a type II Na-P co-trans por ter re cep -
tors in small in tes ti ne. The net ef fects of D can be
dif fe rent in physi o lo gic and pat ho lo gic con di ti ons
and do se and du ra ti on of D the rapy.

In sum mary in he althy vo lun te ers oral D the -
rapy for 7 days sche du le ca u sed, a dec re a se in TPR
and Tm/GFR, in cre a se in frac ti o nal ex cre ti on of P
and no chan ge in se rum P and uri nary P ex cre ti on.
Ad di ti o nally we fo und an in cre a se in se rum Ca, Mg
and uri nary Ca, a dec re a se in se rum Na and da ily
uri nary K loss. The se ef fects we re dif fe rent than
that of in pa ti ents with lo wer se rum P le vel or de-
c re a sed GFR. Whi le GFR did not chan ge, tu bu lar
func ti ons such as re nal tu bu lar re ab sorb ti on and
thres hold of P, uri nary ex cre ti on of K and Ca, can
be af fec ted with D tre at ment. Si mi lar study with
lar ger num ber of vo lun te ers will be mo re in for ma -
ti ve abo ut the re sults and we be li e ve that the eva l-
u a ti on of pos sib le mec ha nisms may de fi ne the exact
ca u ses of the se va ri ab le re sults.
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