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Nicotinlc acid is a compound of considerable biological importance Besides 
belonging to the group of hydrosoluble B vitamins, it is also a drug possessing 
vasodilatmg, hypohpemic and fibrinolytic properties [l-7] Nicotunc esters 
are potential prodrugs of this agent, and a few such derivatives have indeed 
been described In our laboratory, a number of esters of mcotuuc acid with 
various alkyl, arylalkyl and aryl substituents have been prepared [8] These 
nicotinates are to be used as substrates for carboxylesterases in various animal 
tissues with the goal of obtaining some insights into structure-metabolism re- 
lationships In such studies, very small amounts of the metabohte mcotuuc 
acid must be extracted from complex biological media, e g brain homogenates, 
and quantified with good precision and accuracy without artifactual hydrolysis 
of the remauung substrate An efficient, sensitive, selective and reliable method 
of analysis is therefore required 

Several methods have been reported for the determination of nicotuuc acid 
in biological samples [g-14]. Analysis in urine samples by ion-exchange chro- 
matography coupled with fluorescence detection was reported [9], but this 
method is not applicable since two of its steps would involve extensive chem- 
ical hydrolysis of some of the most labile nicotmates A sensitive high-perform- 
ance liquid chromatographic (HPLC) method with UV detection was de- 
scribed [lo] for the determination of nicotuuc acid and its metabohtes in 
aqueous media such as urine and plasma However, this method can hardly be 
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applied to complex biological media such as tissue homogenates In another 
study [ 111, nlcotunc acid was analysed in serum samples after derivatlzatlon 
to a fluorescent derivative, but the derivatization procedure required the me- 
dium to be heated m boihng water for 15 mm, which must have resulted m 
extensive ester hydrolysis This method does not allow the processing of a large 
number of samples because fluorescent derivatives lack sufficient stability 

An extensive literature survey revealed only very few HPLC methods allow- 
ing the determination of mcotuuc acid in media more complex than plasma, 
serum or urine, but none satisfied all conditions Most methods [9,11,12] ad- 
vocate a chloroform extraction to remove more hpophihc tissue components 
from the aqueous layer contanung polar nlcotmic acid Chloroform is not smt- 
able to our purpose, as we wish to develop a single extraction procedure for 
nmeteen mcotuuc esters with log ki values ranging from 0 4 to 4 6 (1 e a lo4 
range in hpophlhcity), the more hydrophihc esters would not be extracted 
quantitatively with chloroform Direct inJection of our samples into the HPLC 
column, as is recommended for plasma [ 13 1, cannot be considered when work- 
ing with tissue homogenates Another method used to quantify mcotuuc acid 
and mcotinamide in meat [ 141 lacked the required sensitivity 

In this study, we present an analytical method suitable to the specific re- 
quirement of biotransformation studies Nicotnuc acid (the metabohte) can 
be extracted in low concentrations from tissue homogenates The extraction 
procedure is simple and efficient and allows the separation of mcotnnc acid 
from esters (as substrates) of different hpophihcity without their artifactual 
hydrolysis during sample conditiomng 

EXPERIMENTAL 

Chemtcals 
Solvents and chemicals were of at least analytical or HPLC grade Nicotuuc 

acid and n-decylamme were purchased from Fluka (Buchs, Switzerland), the 
buffers 3-morphohnopropane sulphonic acid (MPS) and 
trls (hydroxymethyl )ammomethane (Tns) from Merck (Darmstadt, F R G ) 
and ethyl mcotmate and pyrazmoic acid from Aldrich Chemie (Stemhelm, 
F R G ) Phenyl mcotmate was synthesized in our laboratory by a published 
method [ 151 Methanol and acetonitrile were purchased from Romil Chemi- 
cals (Loughborough, U K. ) 

Preparatwn of bwlogccal mater&al 
Male Sprague-Dawley rats of body weight 180-200 g (Madorm Kleintier- 

farm, Fullmsdorf, Switzerland) were decapitated and then brains and hvers 
removed Subcellular brain and hver fractions were prepared according to 
Walther et al [ 161 for bram and to De Duve et al [ 171 for hver These frac- 
tions were incubated with nicotn-nc ester at 37°C m 10 mM Tris buffer (pH 



7 4) At the end of mcubatlon, 120 ~1 of 0 1 M hydrochloric acid were added to 
stop the enzymlc reaction and denaturate protems The Internal standard pyr- 
azmolc acid (120 ~1 of a solution m pH 7 4 Trls) was added to reach a final 
concentration of 1 3. lop4 and 8 7 -lo-' M m liver and brain incubates, re- 
spectively The pH was adjusted to 7 4 with 75 ~1 of 10% sodium carbonate, 
the suspension centrifuged for 10 mm at lOOOg, and the supernatant separated 

Extractronprocedure 
The above supernatant was extracted on a disposable column prepacked 

with 3 ml of phenylsllane bound to slhca gel (J T Baker SPE system, Phll- 
hpsburg, NJ, U S A ) Prehmmary tests showed that under the present con- 
dltlons such columns could be used three times without decrease m efficiency 
The retained mcotlmc and pyrazmolc acids were eluted with 5 ml Trls buffer 
(pH 6 9) The eluate was then reconcentrated almost to dryness m a rotary 
evaporator (Buchl, Flaw& Switzerland, water-bath temperature 35”C), and 
the residue was dissolved m methanol-water (1 1, v/v)_ The esters were re- 
tamed on the column and could be eluted with acetomtrlle if required. 

Analym of mcotrnrc actd 
Nlcotu-uc acid was analysed by reversed-phase HPLC The equipment was 

an Anacomp 220 system (Kontron, Zurich, Switzerland) equipped with an 
autosampler Type MS1 730 S LC, a guard-column filled with 25-40 pm Ll- 
Chroprep (Merck), a 25 cm x 4 mm I D column filled with 5-pm Hypersll ODS 
(Knauer, Berlin, F R G ) and a UV detector set at 262 nm. The mobile phase 
(flow-rate 10 ml/mm) was a MPS buffer (8 6. 10m3, pH 7 4) contammg 10% 
acetomtrlle and 9 3~10-~ M n-decylamme Under these condltlons, the reten- 
tion times of pyrazmolc and mcotlmc acid were 9 7 and 13 3 mm, respectively 

RESULTS 

Method uabdatzon 
Figs 1 and 2 show the chromatograms obtained with hver and brain mlcro- 

somal extracts The smallest detectable concentration of mcotmlc acid was 
found to be 2 - lop6 M (Fig 2 ) , but quantltatlons were performed only for peaks 
correspondmg to more than 4~10~” M to assure sufficient accuracy 

Trlphcates of six known concentrations of mcotlmc acid were prepared and 
extracted as described Linearity was observed over the whole concentration 
range of mcotu-nc acid (see below), but this aspect of the method’s vahdatlon 
was exammed m more details m separate experiments The extractlon proce- 
dure allowed the recovery of 87 7 + 13% pyrazmolc acid and 86.3 + 0 8% nl- 
cotmlc acid Repeated analysis of the same mcotnnc acid solution gave the 
concentration of mcotlmc acid with a relative standard devlatlon of 1 8% 
(n = 6)) which confirmed the reproduclblhty of the method 
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Fig 1 Chromatogram of nlcotmlc acid extracted from a hver mlcrosomal mcubatlon (pyrazmolc 
acid 1s the Internal standard) 

Fig 2 Chromatogram of nlcotmlc acid present m bram mlcrosomes at a concentration of 4 lo- 6 
M (pyrazmolc acid 1s the mternal standard) 

Simultaneous analysis of inactivated microsomes contammg ethyl or phenyl 
mcotinate revealed no spontaneous formation of mcotuuc acid during centnf- 
ugation and extraction At the end of the extraction, the mcotmate esters were 
no longer present m the samples, and no formation of nicotuuc acid was to be 
feared prior to sample mJection 

Caltbratmn curues 
In accordance with hterature values of esteratic activities in hver and bram, 

we estabhshed two cahbration curves, one to quantify small amounts of mco- 
tn-nc acid produced by bram fractions and the second to dose larger amounts 
of this acid m hver samples or m plasma 

Calrbratlon curve m her fractrons The assays were performed with mcotunc 
acid concentrations m the range from 1 75. 10V5 to 1 4. 10m3 M, yieldmg eqn 
1 (95% confidence limits m parentheses ) 

y=2 98( 20 10)x+2 88( -t7.01), r2=0 9996, n=7 (1) 



TABLE I 

HYDROLYTIC ACTIVITY OF RAT PREPARATIONS TOWARDS PHENYL NICOTTNATE 
AND ETHYL NICOTINATE 

Subcellular fraction Actwlty” 

Phenyl mcotmate Ethyl nlcotmate 

Bram mxrosomes 192kOO3 0 131~0011 
T~ver mlcrosnmes 689 +10 613 i6 
Lwer mltochondrla 326 +4 154 -t5 
Bram mltochondrla 137+011 0005+0001 
Livercytosol 784 268 478 i30 
Bram cytosol 076iOO5 0081~0007 
Myehn 125ioo9 0094+0008 
Plasma 220 i15 75 +06 

“Actwtles m nmol/mm/mg protem (mean i S D , n = 3)) measured at a substrate concentration 
of 13*10-” M 

where y 1s the nlcotn-uc acid peak area expressed as a percentage of internal 
standard peak area, s IS the rucotunc acid concentration m mol/l, rL 1s the 
squared correlation coefficient and n 1s the number of measurements 

Callbratzon curve zn brazn fractzons The assays were performed with mco- 
tuuc acid concentrations m the range from 4 4.10P6 to 2 8~10-~ M, yielding 
eqn 2 

y=4 63( +O 17)x+0 88( -t2 73), r2=0 9993, n=6 (2) 

Clearly excellent correlation coefflclents were obtamed m both cases The 
slopes of eqns 1 and 2 differ by a factor of 1 55 2 0 12, which 1s not different 
concenfrom the ratlo of internal standard concentrations m brain and liver 
fractions ( 149 ) The response was thus the same over the entire concentration 
range investigated (from 4 4.10 -’ to 14*10-’ M) The relative errors (as ex- 
pressed here by the 95% confidence limits) are 3 4 and 3 7% in the higher and 
lower concentration ranges, respectively 

Bmlogwal apphcatmn 
Specific actlvltles towards phenyl mcotmate and ethyl rucotmate are re- 

ported m Table I for rat plasma, liver and brain subcellular fractions It 1s 
worth notlcmg that this method has now been used successfully to quantify 
the enzymlc hydrolysis of nineteen different nlcotlnate esters 

DISCUSSION 

Several methods to denaturate protems and stop an enzymlr reaction have 
been reported Heat treatment cannot be used owing to the thermolablhty of 
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esters Organic solvents are frequently used, but alcohols and particularly 
methanol had to be dlscarded because of known reactlons of transesterlficatlon 
[18] Double peaks of mcotmlc acid occurred m acetomtrlle, and the large 
volume of acetone required for protem preclpltatlon results m sample dllutlon 
Heavy metal salts (e g lead acetate or r&rate) and ammomum sulphate could 
not stop the reactlon completely and produced parasite peaks m the chroma- 
tograms Basic denaturatlon with sodmm hydroxide was tested, resultmg m 
unacceptable sapomflcatlon of esters We finally chose acldlc denaturatlon of 
proteins with 0 1 M hydrochloric acid The pellet formed after addltlon of the 
acid and centrlfugatlon was resuspended and found to be totally devoid of es- 
teratlc actlvlty 

Choosmg an mternal standard proved rather difficult A large number of 
molecules chemically related to rucotu-uc acid were tested, and pyrazmolc acid 
was finally selected for its hydrophlhclty and good extractlblhty 

To obtain greater preclslon, we were Interested m quantlfymg the appear- 
ance of mcotlmc acid, the reaction product, rather than the disappearance of 
the substrate This restricted the number of suitable extraction solvents, as 
mcotu-uc acid 1s soluble only m water and lower alcohols However, neither 
could be used as they may cause ester hydrolysis or transesterlficatlon A sohd- 
phase extractlon system was therefore preferred Among the several phases 
mvestlgated, slhca gel-bound phenylsllane was selected smce it retams polar 
compounds such as mcotmlc and pyrazmolc acid as well as hpophlhc com- 
pounds such as our esters, but allows their separate elutlon 

The mechanism governing the separation of our samples on the HPLC col- 
umn 1s based on the formation of ion pairs [ 191 between rucotlmc acid or 
pyrazmolc acid and n-decylamme Formation of the ion pairs dramatically m- 
creases the retention times compared with those of the parent acids, allowmg 
a final separation of the two acids from other constituents and blologlcal 
contaminants 

Quantitative vahdatlon showed that the present method has sufficiently good 
sensltlvlty (limit of detection 2.10-’ M mcotlmc acid m Incubates) for our 
metabolic studies of esteratlc activity (where concentrations shghtly higher 
than 2~10~~ M are to be analysed) It 1s also conveniently simple and 1s now 
successfully apphed to the determination of the kinetic constants of enzymlc 
hydrolysis of a wide range of mcotmate esters m various blologlcal preparations 
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