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SUMMARY 

Two procedures are described, one for the determmatlon of pmacldll, the other for the 
determmatlon of both pmacldd and its metabohte, pmacldll N-oxide, m plasma When only 
parent drug levels are required, the plasma proteins are precipitated with acetomtrrle, the 
solids discarded and the supematant 15 evaporated to dryness The residue IS then 
reconstituted for analysis For the determmatlon of both drug and metabohte, the analyks 
are selectively retamed from plasma on a solid-phase extraction column and eluted with 
methanol After evaporation to dryness, the residue 1s reconstituted m mobile phase Both 
procedures utlhze reversed-phase liquid chromatographlc separations with ultraviolet detec- 
tlon The limits of detectmn are 10 ng/ml pmacldll m plasma and 5 ng/ml each of pmacldll 
and pmacldll N-oxide m plasma for the two procedures, respectively 

INTRODUCTION 

Pmacldll (PINDACTM), (k)-N”-cyano-N-4-pyndmyl-N’-( 1,2,2-trlmethyl- 
propyl)guanldme monohydrate (I, Fig. 1) is a new potent direct-actmg 
vasodllator currently undergomg chmcal trials as an antlhypertenslve agent 
[l- 121 It 1s almost completely absorbed followmg oral admmlstratlon [l] 
and is a slgnlflcantly more potent antlhypertenslve agent than hydralazme both 
m man and m amrnals [ 2- 51 Pmacldll has been shown to be effective m the 
treatment of hypertension as monotherapy and m combmatlon with diuretics 
and P-blockers [ 6-91 

The prmclple metabohte of pmacldll, pmacldll N-oxide (II, Fig l), possesses 
only about one fourth of the activity of the parent [lo] It 1s unhkely to con- 
tnbute to the therapeutic effect of pmacldll m patients w&h normal kidney 
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Fig 1 Structures of pmacldll (I), pmacldll N-oxide (II) and the internal standard (III) I = 
(~)-N”-cyano-N-4-pyndmyl-N’-(1,2,2-tnmethylpropyl)guanldlne monohydrate, II = (2) 
N”-cyano-N-( 1-oxldo4-pyrldmyl)-N’-( 1,2,2-tnmethylpropyl)guanldme, III = N’-cyano-N- 
(1-ethyl-1-methylpropyl)-N’-4-pyndmylguamdme 

function; however, renal imparrment may result m elevated metabohte plasma 
concentrations. 

To faclhtate pharmacokmetic studies and therapeutic monitoring of 
pmacidll, a sensitive and selective method for the determmation of drug and 
metabohte in plasma was needed. A previously reported method [l] employs 
a liquid- liquid extraction followed by high-performance liquid chroma- 
tographic analysis. This procedure 1s suitable for the determination of pmacldil 
m plasma but yrelds poor results for pmacldll N-oxide owmg to the low extrac- 
tion efficiency of this compound from aqueous media During the course of 
our work, two methods have been developed and successfully applied to the 
analysis of a large number of samples from animals and man. This report 
describes both procedures, one for use when only parent drug concentrations 
are to be determined and one which is selective for both pmacidil and pmacidll 
N-oxide. 

EXPERIMENTAL 

Chemrcals and reagents 
Pmacidll monohydrate, pmacidll N-oxide and the internal standard, N’- 

cyano-N-( lethyl-l-methylpropyl)-N’-4-pyridmylguanldme (Fig 1) were 
obtained from Eh Lilly (Indianapolis, IN, U S A ) Sep-Pak@ Cl8 cartridges were 
purchased from Waters Assoc (Mlford, MA, U.S.A.). All solvents used were 
distilled-m-glass Morpholme (certified ACS grade) was obtamed from Fisher 
Scientific (Fair Lawn, NJ, U S.A ). All other chemicals were of analytical- 
reagent grade 

Column kqwd chromatography 
The liquid chromatograph consisted of a Waters Model 6000A pump 

equipped urlth a DuPont Model 852 variable-wavelength detector (DuPont, 
Wilmington, DE, U.S.A.), an automJector (WISP@, Model 710B, Waters Assoc ), 
and a Model LC-22 column temperature controller (Bioanalytical Systems, 
West Lafayette, IN, U S.A.). The column employed was stamless-steel, 25 cm 
X 4 6 mm 1.D , packed with 6-pm Zorbax Cs particles (DuPont) protected by a 
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guard column (Waters Assoc ) packed wrth CO-Pell@ ODS (Whatman, Chfton, 
NJ, U SA ). A Hewlett-Packard Model 1000 computer was used for on-line 
data acqursltlon and subsequent calculations. 

Eluent system A (for determmatlon of pmacldll alone) was prepared by 
mlxmg 450 ml of 0.01 M ammomum phosphate, pH 7 0, with 550 ml of 
methanol The eluent flow-rate was 1.5 ml/mm and the column temperature 
35°C Detection of pmacldrl was made at 254 nm. 

Eluent system B (for the determmatlon of both pmacldll and pmacldll 
N-oxide) was prepared by mlxmg 550 ml of 0.1 M sodium acetate wrth 1.0 
ml of morpholme The pH was adJusted to 4 0 with glacml acetic acid and 450 
ml of methanol were added. The resultmg solution was mlxed well, hltered and 
degassed before use. The eluent flow-rate was 1 5 ml/mm and the column tem- 
perature 40°C Pmacldll and pmacldll N-oxide were detected at 284 nm. 

Standard solu tlons 
Standards m plasma were prepared to contam 20, 50, 100 and 200 ng/ml 

pmacrdll or pmacldll and pmacldrl N-oxide, dependmg on whether drug or both 
drug and metabohte were to be determmed The internal standard solution was 
prepared by dlssolvmg 1 mg mto 200 ml of 0 01 M hydrochloric acid. 

Sample preparation procedures 
Method k (for determmatwn ofprnacldll only) To 1 0 ml of plasma sample 

or standard, placed m a disposable centrifuge tube wrth a PTFE-lured screw 
cap, were added 50 ~1 of the mternal standard solution and 2 ml of acetonltrlle 
The tubes were capped and mixed by vortexmg, then allowed to stand for 5 
mm. After a second vortexmg, the tubes were centrifuged (500 g) for 5 mm. 
The clear supernatant was transferred to a second tube and evaporated to 
dryness under nitrogen The residue was dissolved m 200 ~1 of methanol- 
water (50*50), and 100 ~1 were inJected. 

Method B (for determznakon of pmacldd and pmacidll N-oxide) To 1.0 ml 
of plasma sample or standard, placed m a disposable centrifuge tube with a 
PTFE-lmed screw cap, 50 ~1 of the internal standard solution were added and 
mrxed by vortcxmg The mixture was transferred to a glass syrmge to whmh 
a pre-condltloned Sep-Pak@ Cl8 cartrrdge was attached The cartridge had been 
prepared by the apphcatron of 3 ml of methanol followed by 5 ml of dutllled, 
deromzed water The sample was pressed through the cartridge followed by 
5 ml of dlstllled delomzed water and 5 ml of a methanol-water (20.80) 
mrxture. The analytes were eluted from the cartridge with 4 ml of methanol 
which was evaporated to dryness under nitrogen The residue was dissolved m 
200 ~1 of mobile phase (eluent system B) and 100 ~1 were inJected 

The concentratrons of the compounds m the samples were determined from 
then peak-height ratros relative to the Internal standard and the correspondmg 
least-squares line of the cahbratlon standards 

RESULTS AND DISCUSSION 

Typ~caJ chromatograms obtamed from plasma standards and patrent samples 
are illustrated m Figs 2 and 3 Good separations were achieved under the con- 
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Fig 2 Chromatograms of plasma samples obtamed by method A (A) Human plasma blank 
and a plasma standard contammg 100 ng/ml pmacldll and 50 ng/ml pmacldll N-oxide (B) 
Patlent plasma before dose and followmg a 12 5-mg dose of pmacldll monohydrate Peaks 
I = pmacldll, II = pmacldll N-oxide, III = Internal standard 
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Fig 3 Chromatograms of plasma samples obtained by method B (A) Human plasma blank 
and a plasma standard contammg 100 nglml each of pmacldll and pmacldd N-oxide (B) 
Patient plasma before dose and following a 12 5-mg dose of pmacldll monohydrate Peaks 
I = pmacldd, II = pmacldll N-oxide, III = Internal standard 

dltlons m method A (Fig. 2) for both I and III from other sample components 
However, as shown m Fig 2, II was not completely resolved from other early 
elutmg plasma constituents under these conditions This, combmed with the 
low absorbance of II at 254 nm makes this procedure less than ideal for its 
determmation except where concentrations are high The solid-phase extraction 
procedure utilized m method B provided a cleaner sample for analysis The 
mobile phase was adJusted to pH 4, where advantage can be made of the red 
shrft m the UV spectrum of pmacldll with lower pH (Fig 4) The UV spectrum 
of II 1s not affected by pH (Fig. 5), therefore the two spectra overlap sufficlent- 
ly to allow sensitive detection of both at 284 nm. Sm-nlarly, at pH 4, a decrease 
m the capacity factor, k’, for I and III is observed but not for II As might be 
expected, the lower pH did cause a sigmficant decrease m peak symmetry This 
tailing was effectiveIy suppressed, however, by the addition of morpholme to 
the mobile phase. 

Other drugs which may be concomitantly admmistered with pmacldll 
were tested for potential mterference m the assay These included other anti- 
hypertenslves, P-blockers, diuretics and other commonly administered drugs 
(Table I). The hmlted number of drugs tested for interference m method A IS 
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Frg 4 UV spectrum of 3 gg/ml pmacldrl in 0 01 M ammomum phosphate, pH 7 0 (-), and 

0 1 M sodlum acetate, pH 4 0 (- - -) 

Fig 5 UV spectrum of 3 fig/ml pmacrdd N-oxide m 0 01 M ammonlum phosphate, pH 7 0 

(-) and 0 1 M sodmm acetate, pH 4 0 (- - -) 

TABLE I 

DRUGS TESTED FOR INTERFERENCE IN THE ASSAY 

These drugs were tested for interference wrth the assay as stated Those marked wrth an 
asterisk present potential interference wrth the determmatron of pmacldrl or pmacrdll 
N-oxide 

Method A Method B 

Hydralazme Allopunnol 
Hydrochlorothlazrde Atenolol 
Prszosin* Captopril 
Propranolol Chlordmzepoxrde 
Tnamterene* Chdmmm bromrde 

Clomdme 
Colchlcme* 
Dlpyrldamole 
Furosrmrde 
Hydralazme 
Hydrochlorothmzlde 
Metoprolol 
Mmoxldll* 
Plocarpme 
Prasozin* 
Propranolol 
Sulmdac 
Triamterene 
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a result of our preferential use of method B Under the conditions employed 
m method A, triamterene interferes with the detection of pmacldrl N-oxide and 
prasozm interferes with pmacldrl Prasozm and pmacrdll can be resolved from 
eacn other, however, by employmg a mobile phase conslstmg of 0.01 M 
ammomum phosphate- methanol- acetomtrlle (45 50 5). 

Under the conditions employed m method B, potential mterference with the 
determmatlon of pmacldll N-oxrde may result from the presence of prazosm and 
mmoxldil Prasozm elutes before the N-oxide but may interfere if high 
concentrations are present Detection of mmoxldll may be dlscrlmmated 
agamst by detection at 300 nm instead of 284 nm Colchlcme coelutes with 
pmacldll but possesses a mmlmum m its absorbance spectra at 284 nm thus 
reducing the effect of its presence on apparent pmacldll plasma concentrations. 

Sample recovery 
The recovery of I, II and III from plasma was determined for both methods 

by a comparison of peak heights from spiked plasma prepared by each 
procedure to solutions of the analytes m mobile phase at equivalent concentra- 
tions For method A, the recovery of I and III was essentially 100% For 
method B, the recoveries of all analytes were greater than 90% for the 
concentrations tested (20-200 ng/ml). 

Precwon and accuracy 
The precision and accuracy for each method was investigated by splkmg 

blank plasma with I or I and II at four different concentrations Five replicates 
from each pool were assayed on two different days The concentrations ranged 
from 10 to 400 ng/ml I and from 5 to 200 ng/ml II The results are shown m 

TABLE II 

SUMMARY OF ACCURACY AND PRECISION DATA OF ASSAY FOR PINACIDIL 
(METHOD A) 

Concentration n Mean concentration Relative standard Relatwe error 
(nglml) found (ng/ml) devlatlon (%) (%) 

10 10 97 15 0 -30 
30 10 30 2 68 +o 7 

150 10 163 3 53 +8 9 
400 10 4306 18 +7 7 

TABLE III 

SUMMARY OF ACCURACY AND PRECISION DATA OF ASSAY FOR PINACIDIL 
(METHOD B) 

Concentration n 
@g/ml) 

Mean concentration Relative standard Relatwe error 
found (ng/ml) devlatlon (%) (%) 

10 10 10 2 64 +10 
30 10 39 7 19 -08 

160 10 149 4 17 -04 
400 10 401 1 10 +o 3 



TABLE IV 

SUMMARY OF ACCURACY AND PRECISION DATA OF ASSAY FOR PINACIDIL 
N-OXIDE (METHOD B) 

Concentration n Mean concentration Relative standard Relative error 
(nglml) found (ng/ml) devlatlon (%) @) 

5 10 54 73 +a 0 
20 10 19 9 45 -0 5 
75 10 74 7 65 -0 4 

200 10 204 7 67 +2 4 

Tables II, III and IV. Relative standard deviations (R.S.D ) for method A 
ranged from 15 to 1.8% for the deterrmnation of I The precision obtained 
over the same concentration range usmg method B was somewhat better, the 
R S D ranging from 6 4 to 1.0% Method B gave R S D. values for II from 7 3 
to 4 5% over this concentration range The accuracy of these determmations is 
expressed m terms of percent relative error Good accuracy was observed for 
both methods, with values ranging from - 3 to 9% by method A and -0 4 to 
2% for method B for pinacidll Accurate determinations of pmacidll N-oxide 
(method B) are evident m relative errors of -4 to 8% obtained over the concen- 

tration range tested. 

Lanean ty and sense twl ty 
The relatlonshlp between the concentrations of I and II and then 

peak-height ratios relative to the internal standard III was linear over a wide 
concentration range 5 ng/ml to at least 400 ng/ml by method B and 10 ng/ml 
to at least 400 ng/ml (I only) by method A The detectron limit for pmacidll 
by method A was 10 ng/ml A slight improvement (5 ng/ml each) was observed 
m method B owing to improvements m selectivrty and chromatography. 

Stabh ty 
The stability of pmacidll and pmacidll N-oxide m plasma was determmed by 

splkmg a known amount of each compound into both human plasma and 
serum. Ahquots of these pools were stored m disposable glass centrifuge tubes, 
hepannlzed blood collection tubes, serum separation tubes and plastic sample 
shlppmg vials. The pools were analyzed for initial pmacidll and pmacidll N- 
oxide concentration and then at 24 h, one, two and four weeks and three 
months after storage at room temperature, 4”C, and --20°C Blood collection 
tubes were stored at room temperature only, with the tubes both upright and 
mverted to check for sample contammation from the stopper. No differences in 
stability were observed between plasma or serum pools, nor were any con- 
tammants apparent from the stoppers of the blood collection tubes. Pmacidil 
was observed to be stable at room temperature m plasma for one month and 
for at least three months at -20°C. Losses of pmacidll N-oxide were apparent 
after one week at room temperature (20% loss), at 4°C (10% loss) and after 
four weeks followmg storage at -20°C (20% loss). No losses m pmacidil N- 
oxrde concentrations were detected, however, after storage at --70°C for 
three months 
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Application of the method m pharrnacokmetzc studies 
Eleven normal male volunteers were gven 12 5-mg single oral doses of I in 

an open-label pharmacokmetlc study. The dosage form employed in this 
study consisted of equal amounts of drug coated onto two different types of 
pellets One type promotes the lmme&ate release of drug while the other 
delays its release for 4-6 h Blood samples were collected before the dose and 
at pre-determined tnne mtervals after the dose. The concentration of I m the 
plasma was determined by method A The plasma profile obtamed 1s illustrated 
111 Fig. 6 

In another open-label pharmacokmetlc study, surteen normal volunteers 
were given a smgle oral 12.5-mg dose of I Blood samples were collected m a 
similar fashion. Plasma concentrations of both I and II were determmed by 
method B (Fig 7) The data obtamed by these two methods were consistent 
between the two studies. 

0 2 4 6 8 10 12 14 16 
Tlme [hoursj 

Fig 6 Profile obtamed for pmacldd plasma concentratlons versus time followmg a 12 5-mg 
dose of pmacldd monohydrate Samples were analyzed by method A, values reflect a mean 
of eleven patients 
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Fig 7 Profile obtamed for pmacldll (0) and pmacldll N-oxide (0) plasma concentrations 
versus time followmg a 12 5-mg dose of pmacldll monohydrate Samples were analyzed by 
method B, values reflect a mean of sixteen patients 

CONCLUSIONS 

Pmacldll may be accurately and selectively determined m plasma by either of 
the two procedures described When metabohte concentrations are of interest, 
method B provides the necessary selectlvlty for the determination of both I and 
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II When parent drug concentiatlons are all that 1s requrred, method A may 
provide for a more costeffective analysis as common solvents are employed 
Instead of the more expensive sohd-phase extraction cartndges. These savings 
may become apparent when large numbers of samples must be processed. 
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