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S U M M A R Y  

A h i g h - p e r f o r m a n c e  l iquid  c h r o m a t o g r a p h i c  m e t h o d  was deve loped  for  the  assay o f  
n i fed ip ine  in p lasma and  its ma in  m e t a b o l i t e  (M-I) in ur ine.  Af te r  l iqu id- - l iqu id  e x t r a c t i o n  
n i f ed ip ine  was c h r o m a t o g r a p h e d  in a reversed-phase  s y s t e m  wi th  u l t rav io le t  d e t e c t i o n  a t  238  
rim. The  m e t h o d  was sensi t ive t o  2 ng n i fed ip ine  per  ml  p lasma  and  t he  s t a n d a r d  curve was 
l inear  to  at  least  400  ng /ml .  S t a n d a r d  dev ia t ions  did  n o t  exceed  8.5%. The re  was no  inter-  
fe rence  w i th  p h o t o d e c o m p o s i t i o n  p r o d u c t s  or  me tabo l i t e s .  M-I was d e t e r m i n e d  in u r ine  a f te r  
l iqu id- - l iqu id  e x t r a c t i o n  b y  ion-pai r  c h r o m a t o g r a p h y  w i th  u l t rav io le t  d e t e c t i o n  at  290  rim. 
The  m e t h o d  was sensi t ive  to  0 .02  ug M-I per  ml ur ine  and  the  s t anda rd  curve was l inear  to  
at  least  5 ug /ml .  S t a n d a r d  dev ia t ions  did  no t  exceed  5.0%. The  m e t h o d s  were  used to  s t u d y  
n i fed ip ine  d i spos i t ion  in h e a l t h y  volunteers .  

I N T R O D U C T I O N  

Nifedipine, dimethyl-l,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyri- 
dine carboxylate, is a calcium-channel blocker, which selectively dilates arteries 
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Fig. 1 Photodecomposition and biotransformation scheme. I is nifedipine; p-I and p-II are 
photodegradation products, and M-I and M-II are metabolites. 

with little or no effect on other blood vessels. Therefore nifedipine is used in 
the treatment of  angina pectoris and arterial hypertension [1, 2] .  The 
compound is photolabile; a scheme of its photodecomposi t ion  and biotransfor- 
mation is shown in Fig. 1. In the human body  nifedipine is rapidly oxidized 
enzymatically into its pyridine metaboli te (p--I) [3--5] .  This product  is also 
formed in ultraviolet (UV) light, whereas the 2-nitroso derivative (p-II) is 
formed in normal daylight. In the biotransformation process the ester moiety  
of  the side chain can be hydrolysed (M-I) and further oxidation can occur in 
the 2-methyl position (M-II) [3--5] .  M-I is excreted in urine for about  60% 
of the dose, whereas M-II is excreted for only 3--5% of the dose [6] .  It is 
assumed that these metabolites have no pharmacological activity [3] .  

For the determination of  nifedipine in biological fluids several gas chroma- 
tographic methods have been described, with either electron-capture detection 
or selective ion monitoring, providing a satisfactory detection limit of  
approximately 1--5 ng/ml [4--10] .  However, the thermostabil i ty of nifedipine 
under the chromatographic conditions employed (230--250°C) represents a 
serious problem, since p-I is formed in non-reproducible amounts. Therefore 
Kondo et al. [6] and Higuchi and Shiobara [9] oxidized nifedipine prior to 
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analysis, despite the loss of selectivity. Pietta et al. [11] reported a selective 
high-performance liquid chromatographic (HPLC) method for nifedipine and 
metabolites in rat plasma with a detection limit of 10 ng of nifedipine, which is 
not low enough for pharmacokinetic studies in man. Recently, Bach [12] 
reported a sensitive liquid chromatographic method for the determination of 
nifedipine in serum, but some interference with the serum matrix occurred and 
a lengthy sample clean-up procedure was used. 

In the present study a sensitive and selective reversed-phase HPLC method has 
been developed for the determination of nifedipine in plasma taking photo- 
decomposition and metabolite formation into account. Also an ion-pair HPLC 
method is reported for the main metabolite of nifedipine in urine (M-I). 
Preliminary disposition data in healthy volunteers are included in this paper. 
In addition, the photostability of nifedipine in organic solvents, as well as in 
plasma, was investigated. 

EXPERIMENTAL 

Chemicals 
Nifedipine, metabolites (M-I, M-II), photodegradation products (p-I, p-II), 

nitrendipine (internal standard) and Bay a-4160 [2,6-diethyl-4-(2-nitrophenyl)- 
5-methoxycarbonylpyridine-3-carboxylic acid, internal standard] were kindly 
supplied by Bayer (Wuppertal, F.R.G.). In all experiments double-distilled 
water and freshly distilled organic solvents (Baker, Deventer, The Netherlands) 
were used. 

Apparatus and chromatographic system 
Nifedipine. The HPLC system consisted of a solvent pump (Waters Assoc., 

U.S.A., Model M 45), an automatic sampler (Waters Assoc., Model Wisp 710B), 
a column (100 mm long), constructed from precison bore stainless-steel tubing 
(I.D. = 2.8 mm, O.D. = 6.35 mm), filled by a slurry technique with MOS- 
Hypersil ® (dimethyloctyl silica), particle size 5 um (Shandom, Astmoor, 
U.K.), and a UV detector (Waters Assoc., Model Lambda Max 480) set at 238 
nm. Concentrations were calculated by using an integrator (Hewlett-Packard, 
U.S.A., Model 3390 A). The mobile phase consisted of 0.05 M acetate buffer, 
pH 4.0--acetonitrile (7:5). It was degassed ultrasonically and used at a flow-rate 
of 1.0 ml/min. 

Metabolite/. M-I was chromatographed on a Rad-Pak C8 cartridge (100 mm 
long, I.D. 5 mm, particle size 10 pm; Waters Assoc.). The mobile phase 
consisted of acetonitrile--water + 0.009 M cetrimide (1:3) and was degassed 
ultrasonically before use; the flow-rate was set at 4.0 ml/min. Detection took 
place at 290 nm. 

Preparation of samples 
Nifedipine. Plasma (1.0 ml) was transferred to a 15-ml centrifuge tube con- 

taining 0.5 ml of 1 M sodium hydroxide and 150 ng of nitrendipine (internal 
standard). The mixture was extracted with 5 ml of dichloromethane--pentane 
(3:7) on a vortex whirl mixer for 20 sec and centrifuged for 5 min at 2000g. 
The organic layer was transferred to a 15-ml centrifuge tube using Pasteur dis- 
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posable pipettes and evaporated to dryness on a vortex vacuum evaporator 
(Buchler, Fort  Lee, U.S.A.) at 40 ° C. The sample was reconsti tuted with 200 ul 
of the mobile phase before injection. All steps were carried out  in sodium light, 
wi thout  influence of daylight. 

Metabolite I. Urine (1.0 ml) was transferred to a 15-ml centrifuge tube con- 
taining 0.5 ml of  1 M acetate buffer, pH 4.0 and 3 pg of  Bay a-4160 (internal 
standard). The mixture was extracted with 7 ml of  chloroform on a vortex 
whirl mixer for 30 sec and further processed as described above. 

Preparation of calibration graphs 
Control plasma samples (1.0 ml) were spiked with 0, 5, 10, 25, 5 0 , 1 0 0 , 2 0 0  

and 400 ng nifedipine. Urine samples were spiked with 0, 0.25, 0.5, 1.0, 2.5 
and 5 ug/ml M-I. Samples were processed as described and the ratios of  peak 
area of compound to be assayed to peak area of internal standard were 
calculated. Calibration curves were constructed by linear-regression analysis. 
Extraction yields were also determined using the same procedure, except  that  
the internal standard was added now after extraction as external standard. 
The ratios obtained were compared with the ratio of  standard amounts of  
nifedipine and M-I to the internal standard. The average recovery was 
determined by the slope ratio of  the two calibration graphs as obtained after 
internal and external standardization. 

Photostability of nifedipine 
To 10 ml-centrifuge tubes 150 ng/ml nifedipme dissolved m dichloro- 

methane--pentane--methanol  (3:7:1) (total volume 5 ml) was added. The 
tubes were exposed to normal laboratory light on a normal summer day for 
the following periods: 0, 5, 10, 20, 30, 40, 50 and 60 min. After exposure to 
light, internal standard was added and the samples were analysed after evapora- 
tion of  the organic solvents. Detection took  place at 254 nm. The same 
procedure was performed after spiking plasma samples with nifedipine and ex- 
posing these to light. These samples, however, were also extracted prior to 
analysis as described above for nifedipine. The identity of  the photodegrada- 
tion product  was confirmed by mass spectrometry as the nitroso derivative, 
by comparing the spectrum obtained with the mass spectrum of the reference 
compound.  

Human experiments 
In this preliminary s tudy five healthy volunteers (four males, one female) 

received 4.5 mg of nifedipine as an intravenous infusion over a period of  50 
min. Infusion lines were carefully protected from light by aluminum foil. 
Blood samples were taken from a forearm vein using a flexible cannula. 
Samples were drawn in heparinized tubes at 0, 10, 20, 30, and 45 min, and 1, 
1.5, 2.0, 3.0, 4.0, 5.0, 6.0 and 8.0 h after starting the infusion. Plasma was 
separated by centrifugation and samples were stored (protected from light) 
at --20°C until analysed. Urine samples were collected at regular intervals until 
24 h after drug administration and these were stored at --20°C until analysed. 
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RESULTS AND DISCUSSION 

Assay of nifedipine in plasma 
In Fig. 2 typical chromatograms are shown which were obtained after extrac- 

tion of  blank plasma to which only internal standard had been added and 
plasma containing 25 ng of  nifedipine and internal standard. No interfering 
substances seem to be coextracted.  There was also a good separation with 
possible photodegradat ion products,  because the retention times of  p-I and p-II 
were 0.96 and 2.41 min, respectively. These compounds  could not  be detected 
in samples of  volunteers who received nifedipine, indicating that protect ion 
from light had been adequate.  Calibration curves were linear with concentra- 
tion, as shown by the correlation coefficient of  0.999. The method was 
reproducible and had satisfactory precision; standard deviations did not  exceed 
8.5%. Extraction yields appeared to be linear in the concentrat ion range 5--400 
ng/ml and almost complete  (mean 97.6 + 3.0%; n = 4). The lowest measurable 
concentrat ion was about  2 ng/ml. It can be concluded that the present HPLC 
method is highly selective, sensitive and rapid. As compared to previously 
reported GC methods [4--10] thermostabil i ty is no problem and the lowest 
measurable concentrat ion is in the same order of  magnitude (1--5 ng/ml); 
precision, however, is somewhat  less: 8.5% vs. 2.8% [6] .  

Sensitivity is in the same order as that  of  the HPLC method reported by 
Bach [12] ,  whereas sample clean-up is less lengthy in the present method.  
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Fig. 2. Chrornatograms of (A) control  plasma with internal standard (peak II) and (B) plasma 
spiked with 25 ng/ml nifedipine (peak I) and internal standard (peak II). 

Assay of M-I in urine 
In Fig. 3 typical chromatograms are shown which were obtained after ex- 

traction of  blank urine to which only internal standard had been added, and 
of  urine containing 2.5 ~g of  M-I and internal standard. Interfering peaks were 
not  observed. Calibration curves were linear with concentration,  as shown by  
the correlation coefficient of  0.999. The method was reproducible and 
standard deviations were below 5%. Extraction yields determined in the same 
concentrat ion range appeared to be constant  and linear with concentration 
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Fig 3. Chromatograms of (A) control urine with internal standard (peak II) and (B) urine 
spiked with 3 #g/ml M-I (peak III) and internal standard (peak I I ) .  

with a mean value of 85.1 + 4.2% (n = 4). The lowest measurable concentration 
m urine is 0.02 ~g/ml. In comparison to the method of  Kondo et al. [6] for 
this metabolite it can be concluded that the present ion-pair HPLC method is 
highly selective, and no derivatization step is required. However, the detection 
limit is somewhat higher (20 ng/ml urine vs. 5 ng/ml) and precision less (5.0% 
vs. 1.9%). 

Photostabdlty of nifedipine 
In Fig. 4 the decomposition rate of  nifedipine is shown in orgamc solvents, 

as well as m plasma. The half-life of  nifedipine decompositon was 15 min in 
organic solvents and 44 mm in plasma, which indicates that also in plasma 
oxidation of nifedipine takes place relatively rapidly in light, so that the whole 
assay procedure has to be carried out while excluding the light. 

-decomposition of nlfedlplne in daylight 

ct 
(nglml) 

200 

i 

I \ \°\o 
\ \ o  

o ~ ~ 4 
time [ h } ~  

Fig.  4. Decomposition of nifedipine exposed to daylight in organic solvent (e) and plasma 
( o )  
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Human experiments 
A representative plasma concentrat ion-- t ime curve is shown in Fig. 5. The 

concentrations of  nifedipine could be fi t ted to an open two-compar tment  
model, using weighted non-linear-regression analysis. Pharmacokinetic data are 
summarized in Table I. After  stopping the infusion a rapid distribution phase 
(tl~, k~ = 10 + 6 min) was followed by  a first-order process of elimination (t~h, 
k2 -- 106 + 24 min). The volume of distribution at steady-state (Vss) was 0.8 
+ 0.2 1/kg, which indicates extensive tissue distribution, when considering the 
high extent  of  plasma protein binding of  about  95--98% [14] .  Mean systemic 
clearance was 0.55 + 0.12 1/min, which implies that  the rate of  systemic drug 
elimination is not  only dependent  on drug metabolizing enzyme activity, but  
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Fig. 5. Plasma concen t ra t ion  versus t ime  profi le  of  nifedipine in a hea l thy  subject  (W) 
fo l lowing int ravenous infusion for  50 rain (dose 4.5 rag). 

TABLE I 

PHARMACOKINETIC DATA* OF NIFEDIPINE FOLLOWING INTRAVENOUS 
INFUSION 

Subject  Age t½, ~1 tv2, K2 C1 Vss M-I 
(years) (min)  (rain) (l/rain) (1/kg) (percentage dose per 24 h) 

L 27 6 126 0.61 0.99 46.2 
S 35 20 120 0.35 0.55 58.3 
W 46 11 82 0.54 0.58 79.2 
T 50 4 77 0.69 0.75 62.5 
B 54 10 125 0.55 1.05 64.3 

Mean 42 10 106 0.55 0.78 62.1 
S.D. 11 6 24 0.12 0.23 11.9 

*t~,kl  = half-life o f  dis t r ibut ion;  t½, k~ = half-life of  e l iminat ion;  CI = to ta l  plasma 
cleareance;  V ss  = volume of  d is t r ibut ion at steady-state.  
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also on hepatic blood flow. These results are m close agreement with the data 
reported by R~nsch [13] .  

The 24-h urinary excretion of  M-I amounted  to approximately  60% of the 
dose; Horster et al. [3] recovered about  65% of  the dose with 14C-labelled 
nifedipine after a bolus injection; the other  part had been excreted in bile. This 
indicates that  relatively small amounts are excreted in urine as other  
metabolites, since it has been shown by Kondo et al. [6] that unchanged 
nifedipine and/or  p-I are excreted in urine in trace amounts  (0.1% of  an oral 
dose}. Urinary excret ion of M-I is also in agreement with the findings of  Kondo 
et al. [6] .  

CONCLUSIONS 

The phase systems described in this paper for the determinat ion of 
nifedipine in plasma and its main metaboli te  (M-I) in urine allows their rapid, 
sensitive and selective quantitative analysis without  interference from 
endogenous compounds,  metabolites or photodegradat ion products.  The 
described chromatographic procedure can be performed automatically,  which 
permits the relatively rapid assay of  many samples of nifedipine. The method is 
suitable for pharmacokinet ic  studies in man; drug elimination from plasma can 
be followed for 3--4 times its half-life following therapeutic dosages of  
nifedipine. It was also clearly shown in the present s tudy that  nifedipine 
preparations and plasma samples need to be handled wi thout  exposure to 
daylight. 
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