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Lack of mutagenici ty of nifedipine: a possible metabol ic 
implication 

A . O . O B A S E K I * A N D II. B. C O K E R 
School of Pharmacy, College of Medicine. University of Lagos, PMH 12003, Surulere, Lagos, Nigeria 

S u m m a r y 

Ni fed ip ine , b e i n g a n i t ro a r o m a t i c c o m p o u n d , 
is capable of undergo ing reduction via hydroxyl-
a m i n o i n t e r m e d i a t e to an a m i n e . Such an inter-
med ia te is a m u t a g e n i c cu lpr i t . T h e ur inary 
m e t a b o l i t e s of n i f ed ip ine w e r e invest igated in 
o r d e r to allay t h e f ea r of the ex is tence of this 
me tabo l i c r o u t e in h u m a n s . Ni fed ip ine (20 m g ) 
was a d m i n i s t e r e d twice daily for 2 weeks . N o 
n i t ro - reduc t ion p r o d u c t w a s d e t e c t e d over a 1-
month pe r iod . N i f ed ip ine lacks mutagenic i ty in 
the a b s e n c e o r p r e s e n c e of d r u g me tabo l i z ing 
mic rosomes in Salmonella typhimurium T A 98 
and Salmonella typhimurium T A 1(H). 

Resume 

La n i fed ip ine est un c o m p o s e n i t ro a r o m a t i s e , 
qui se reduit a u n e a m i n e en passant pa r 
I ' aminohydroxyl , un p rodu i t m u t u g l n i q u e 
c o m m e in t e rmcd ia i r e . Pou r d e t e r m i n e r s'il 
existe une telle r o u t e m e t a b o l i q u e c h e z 
I ' homme les me tabo l i t e s u r ina i r e s de n i fed ip ine 
ont e tc analyses . U n e d o s e a 20 m g d e 
n i fed ip ine d e u x fois pa r j o u r p o u r d e u x 
semaines a ettf a d m i n i s t r e e . II n 'y avai l pas c u 
de n i t ro reduct ion p e n d a n t un mois d ' o b s c r v a -
t ion. La n i fed ip ine est d e p o u r v u e de t o u t e 
propr ie ty m u t n g e n i q u e e n Pabsence ou e n 
p resence de m i c r o s o m e s me tabo l i san t c h e z la 
Salmonella typhimurium T A 9 8 et la Salmonella 
typhimurium T A 100. 

In t roduct ion 

Nifedipine is a ca lc ium an tagon i s t used in the 
m a n a g e m e n t of sys temic hype r t ens ion | 1 | . I( 
acts pr imari ly by inhib i t ing t h e influx of ex t ra -
cellular ca lc ium into s m o o t h musc les a n d car -

' f o whom correspondence* should he addressed. 

diac muscles th rough slow calcium channe l s . 
Apar t f rom exhibi t ing such calcium ent ry 
b lockade , ni fedipine is capab le of seques t ra t -
ing calcium ions; in o t h e r words , n i fed ip ine 
may dep le te a calcium pool by m e r e coinplexa-
tion p rocedures . 

N u m e r o u s drugs conta in ing the aryl ni t ro 
g roup a re known to be mutagen ic |2 -4) . S o m e 
nitro a romat ic c o m p o u n d s r equ i re act ivat ion by 
n i t ro reduc tases for mutagen ic activity (4.51. 
T h e reduct ion of the n i t ro funct ional i ty of these 
c o m p o u n d s gives active hydroxy lamino inter-
media tes . which a re possible causa t ive muta -
genic agents . 

Nifedipine is highly a b s o r b e d f r o m the gas-
trointest inal tract a f t e r subl ingual , ora l a n d 
rectal admin is t ra t ion . T h e bioavailabil i ty of 
n i fedipine is abou t 5 6 - 7 7 % d u e to pre-sys temic 
metabol i sm |6 | . Ni fed ip ine is a lmost c o m -
pletely metabol ized in the body . A b o u t 8 0 % of 
abso rbed dose is exc re t ed t h rough the k idneys 
in the form of highly wa te r - so lub le me tabo l i t e s 
(Fig. I) . T h e ob jec t ive of this p ro jec t was to in-
vest igate the h u m a n ur ine a n d e x p l o r e the pos-
sibility of re t r ieving the r educ t ion p roduc t of 
n i fedip ine . If such a me tabo l i c b i o t r a n s f o r m a -
tion occurs , t ak ing in to cons idera t ion the aver-
age length of t ime sub jec t s a re kep t o n nifedi-
pine an t ihyper t ens ive t h e r a p y , it w o u l d be 
a p p r o p r i a t e to highlight the po ten t i a l mutage-
nic d a n g e r that might occur via t h e metabo l ic 
reduct ion r o u t e . W e , t h e r e f o r e , invest igated 
the ur inary me tabo l i t e s in Niger ian sub jec t s a n d 
the mutagen ic i ty of n i fed ip ine in the p r e sence 
a n d absence of rat liver mic rosomes a n d re-
qui red con t ac to r s . 

Pat ients and me thods 

Ult raviole t spec t ra w e r e r eco rded using Pye-
Un icam S P 8 - 4 0 0 U V s p e c t r o p h o t o m e t e r 
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28 A. (>• Ohaseki mill II. It. Cokcr 

( C a m b r i d g e , U . K . ) - T h i n layer c h r o m a t o -
g raphy ( T L C ) was ca r r i ed out on silica gel 
GF254 m e s h 6 0 ( B D I I ) , t h e solvent sys tem w a s 
e thyl a c e t a t e : m e t h a n o l : wa t e r (7 :3 :1) . T h e s e 
so lvents w e r e of analyt ical reagent g r a d e f r o m 
Aldr ich C h e m i c a l C o m p a n y ( M i l w a u k e e , 
U . S . A . ) . T h e ex t rac t ion so lvents w e r e e thyl -
a c e t a t e a n d c h l o r o f o r m (analyt ical g r a d e , 
A ld r i ch ) . N i f ed ip ine , the r e f e r e n c e s u b s t a n c e , 
a n d Ada la t (n i f ed ip ine , 20 m g ) t ab le t s w e r e t h e 
g e n e r o u s gift of Baye r (Nig. ) L imi ted N ige r i a . 
D r a g e n d o f f reagen t was freshly p r e p a r e d 
acco rd ing to the British P h a r m a c o p o e i a 
m e t h o d . 

N i t ro - rcduc t ion of n i fedipine was e f f e c t e d by 
a d d i n g a b o u t 20 mg ni fedipine to a m i x t u r e of 
Z n / I I C I / M e O I I a n d ref luxing for 30 m i n , fol-
lowed by f i l t ra t ion. T h e f i l t ra te o b t a i n e d f r o m 
the mix tu re w a s ex t rac ted in to e thyl a c e t a t e . 
2 .6 -Dimcthy l -4 - ( n i t r o p h e n y l ) - l , 4 - d i h y d r o p y t i -
d inc -3 -ca rboxy l -5 -ca rbomethoxy la te , M - l (P ig . 
1) w a s o b t a i n e d f rom mild hydrolysis of n i fed i -
p ine using 2 % I fCI (in m e t h a n o l ) , a n d recrys-

ta l l izcd f r o m c h l o r o f o r m . M-2 ' is a metabolite 
e x t r a c t e d f r o m u r ine . It has an ul traviolet spec-
t r u m wi th t w o m a x i m a /. max 220-240 11m and 
3 1 0 - 3 3 0 n m . T h e la t te r a b s o r b a n c e could be 
d u e to a l ac tone g r o u p a n d as such M-2 ' may be 
iden t ica l wi th M-2 in Fig. 1. 

Six h e a l t h y ma le v o l u n t e e r s par t ic ipated in 
th is s t u d y . T h e y h a d not b e e n t r ea t ed with any 
d r u g fo r 1 - 2 m o n t h s pr ior t o the start of 
s t u d y . O n e t ab le t of n i f ed ip ine (20 mg) was 
a d m i n i s t e r e d t o the s u b j e c t s twice daily for a 
p e r i o d of 14 days . U r i n e s a m p l e s w e r e collected 
s t a r t i n g f r o m d a y 2 . a n d t h e r e a f t e r every other 
d a y o v e r a p e r i o d of 4 w e e k s . Ur ine samples 
w e r e t hen e x t r a c t e d wi th ethyl a ce t a t e , and co-
c h r o m a t o g r a p h e d o n silica gel GF2S4 plates (0.5 
m m ) with a u t h e n t i c n i f e d i p i n e , M - l , M-2 ' and 
n i t r o - r e d u c t i o n p r o d u c t , M-3 , us ing the solvent 
sy s t em ethyl a c e t a t e : m e t h a n o l : w a t e r (7:3:1). 
T h i n l ayer c h r o m a t o g r a m s w e r e examined 
u n d e r a U V l a m p a n d by sp ray ing the plates 
with D r a g e n d o r f f r e a g e n t . 

T h e Salmonella m u t a g e n i c i t y assay employed 

'H 3O2C 

C H 5 O 2 C C H 3 O 2 C 

H3C' N X H J 
Ml 

c h 3 o 2 c 

CH* N 

*NHg 
CH302C^ ^CO2H 

M3 (?) 

CH, N 

M2 

Fig. 1. Nifedipine metabolism. 
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Nifedipine mutagenicity in Salmonella systems 29 

in this s tudy was tha t d e v e l o p e d a n d desc r ibed 
by A m e s , L e e a n d D u r s t o n (71. T h e indicator 
mic ro-organ i sm (his t id inc a u x o t r o p h s ) , test 
agent (n i f ed ip ine ) a n d , w h e n ind ica ted , the rat 
l iver p r e p a r a t i o n ( inc luding t h e r equ i r ed co-
fac tors ) were i n c o r p o r a t e d in to the over lay. 
T h e s e mix tu re s w e r e i ncuba t ed at 37°C in the 
da rk for 2 d a y s a n d r e v e r t a n t s (mu tan t s ) to 
h i s t i d i n c - i n d c p c n d c n c c w e r e e n u m e r a t e d . 
Liver m i c r o s o m e s ( t he S-9 pos t -nn tochondr ia l 
f r ac t ion ) w e r e p r e p a r e d f r o m Sprague -Dawlcy 
ra ts . 

Resul t s a n d discussion 

T h i n layer c h r o m a t o g r a p h i c analysis (Fig. 2) 
s h o w s tha t within the first 2 weeks of d rug 
a d m i n i s t r a t i o n , t h r e e spots were de t ec t ed f rom 
u r i n e ex t r ac t . T w o of the spots had ident ical R, 
va lues with n i fed ip ine a n d M- l (Fig. 1). Ul t ra-
violet s tud ies of the third spot s h o w e d a max-
i m u m a b s o r p t i o n b a n d of 310-340 n m . which is 
a sc r ihab lc t o t h e l ac tone g r o u p . Th i s spot prob-
ably c o r r e s p o n d s to M-2 (Fig. 1). By t h e end of 
the third w e e k , d r u g i n t a k e having s t o p p e d in 
the p rev ious w e e k , analys is s h o w e d two p r o m -
inent spo ts c o r r e s p o n d i n g to me tabo l i t e s , M- l 
a n d p robab ly M-2. T h e u r ine s a m p l e s o b t a i n e d 
du r ing the fou r th w e e k s h o w e d a weak and 
single spo t , c o r r e s p o n d i n g p robab ly to M-2. 

0 O 0 0 
0 O O 0 

O 

c> 
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l-ig. 2. I hin layer chroniatogram of nifedipine ami its 
metabolites. (A) Metabolites extracted from week-1 
urine, (II) metabolites extracted from wcck-2 urine, 
(C) metabolites extracted from wcck-3 urine, (D) 
metabolites extracted from wcek-4 urine. (E) mild 
hydrolysis product of nifedipine. (F) prolonged 
hydrolysis product. (G) mtro-reduction product. (II) 
nifedipine. 

T h e p lasma half-l ives of M-I a n d M-2 have 
been shown to be much g r e a t e r t han that of 
n i fed ip ine , acco rd ing to R a e m e s c h a n d S o m -
m e r |6). M- l is exc re t ed with a half- l i fe of 
approx ima te ly 10 h , M-2 is known to u n d e r g o 
k idney tubu la r r cabso rp t ion and this l ends sup-
port to its longer half-l ife of 4 - 5 days . A cum-
muta t ive effect of M-2 is thus e x p e c t e d du r ing 
mult iple dos ing. A compar i son of all the ul t ra-
violet spec t ra of the ex t rac ted u r ina ry m e t a b o -
lites a n d c h r o m a t o g r a p h i c R, values of a u t h e n -
tic samples (Fig. 2) exc luded the possible exist-
ence of a n i t ro- rcduct ion m e t a b o l i t e . M-3 in the 
h u m a n ur ine . 

A c rude d o s e - r e s p o n s e p lo t , a s c o n s t r u c t e d 
by the c o m p u t e r p rog ram ' A m e s Fi t ' , which is 
simply the best straight line Fit of d o s e versus 
n u m b e r of rcver tant per p la te ( a n d not a t r ue 
d o s e - r e s p o n s e p lo t ) , s h o w e d n o signif icant 
t rend o r in tense r e s p o n s e , implying that the 
concen t ra t ion range of n i fed ip ine e m p l o y e d in 
this s tudy was nei ther lethal nor m u t a g e n i c to 
the s trains e m p l o y e d . M u t a t i o n ra t io re la t ive to 
cont ro l was c o m p u t e d ; values less than t w o fo r 
the s t ra ins tes ted were o b t a i n e d in the p r e s e n c e 
a n d absence of mic rosomes and r e q u i r e d co-
factors , indicat ing that n i fed ip ine is not m u t a -
genic in these strains. Figures 3 - 6 show c o m p u t e r 
curve fit t ing of muta t ion r a t e versus m o l e s of 
n i fedipine using Salmonella typhimurium T A 98 
and T A 100 in the p r e sence o r absence of 
mic rosomes . T h e curves were o b t a i n e d with 
curve Fi t ter s o f t w a r e (a p roduc t of In te rac t ive 
Microwave Inc.) by using the cub ic spl ine in ter -
pola t ion m e t h o d . 

T h e r e a re a n u m b e r of r e p o r t s that me t ron i -
dazole and o t h e r n i t ro-hc terocycl ic subs t ances 
can be r e d u c e d by rat liver e n z y m e s ; the en-
zymes implicated have b e e n xan th ine ox idase . 
N A D P I I -cy tochromc C r educ t a se a n d a l d e h y d e 
ox idase |7 -14) . In s o m e cases , t h e isolat ion of 
the h y d r o x y l a m i n o der iva t ive has been re-
por ted (8,12). In o t h e r cases , a l though only t h e 
a m i n o der iva t ive was r e c o v e r e d , the hydroxyl-
a m i n o i n t e r m e d i a t e w a s impl ica ted (11,13,14). 
T h e h y d r o x y l a m i n o a n a l o g u e s of n i t r o fu ran to in 
a n d me t ron idazo l e have been impl ica ted in t h e 
mutagenic i ty of these n i t ro a r o m a t i c d rugs 
(5.15). O u r f indings indicate that n i fed ip ine , a 
n i t ro a r o m a t i c d r u g , is not me tabo l i zed to an 
a m i n e in h u m a n s . This is p robab ly d u e to the 
fact that the n i t ro g r o u p in n i fed ip ine (Fig. 1) is 
s trategical ly p laced , and the s ter ic h ind rance 
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30 A. (). Obasei 

I-'ig. 3. Mutation rate of S. lyphimurium TA 98 versus 
moles of nifedipine in the absence of microsomes 

// li Cokcr 

Fig. 4. Mutation rate of S. lyphimurium TA 98 versus 
moles of nifedipine in the presence of microsome's 

Fij;. 5. Mutation rate of S. lyphimurium TA KM) 
versus moles of nifedipine in the absence of 
microsomes. 

12- # 
I I 1 1 1 1 T 1 1 1 
0 5 10 15 20 25 30 35 40 45 

M o l e s of n i f e d i p i n e x l O " 9 

Fig. 6. Mutation rate of S. lyphimurium IA KM) 
versus moles of nifedipine in the presence of 
microsomes. 

-» [ I f i • . » i • 
0 5 10 15 20 25 30 35 40 45 

M o l e s of n i f e d i p i n e * 1 0 " 9 

d u e to the p r o x i m a t e g r o u p s d e b a r o r slow 
down the e f fcc t of any a p p r o a c h i n g r e d u c t a s e 
e n z y m e . It is a lso not me tabo l i zed by a m a m -
malian e n z y m e to a mu tagen ic s u b s t a n c e , un-
like mos t n i t ro a r o m a t i c c o m p o u n d s . Bes ides , it 
is not intrinsically mu tagen ic to the t e s t e r 
s t ra ins e m p l o y e d in this s tudy . T h e s e f ind ings 
a re toxicologically s ignif icant in view of t h e long 
dura t ion of an t i hype r t ens ive t h e r a p y . 
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