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ABSTRACT 

Lipases [EC. 3.1.1 .3] are capable of hydro lyzing ester bonds of triglycerides and have received much 
attention from protein researchers after these enzymes have shown potential applications such us, in the 
manufacture ofcommercially important crural drugs due to their enantioselectivity properties. A novel extracellular 
lipase produced by Aspergillus niger was purified and partially characterized. Using the culture medium as 
crude extract, the Lipase was puri fied to 25 .7 folds after Ultrafiltration and DEAE ion exchange chromatography. 
The enzyme was characterized to have optimum ach ity at neutral pH and at 30-35°C, while its kinetic parameters, 
V and Km' were detennined to be L80 UlmLimin and 0.2 mL, respectively. SDS-PAGE analysis revealed themu 
pre ence of at least two bands (±87 and ±72 kDa), while native PAGE howed a single band. The two bands 
could represent subunits in a complex or isoforms of the enzyme. The use of the enzyme in th hydrolysis of a 
racemic mixture of 2-arylpropionic butyl e ter analyzed after HPL demonstrated an apparent predominant 
enantio electivity for the S (+) enantiomer. Thus, this lipase is a promising enzyme for the chiral drug preparation 
of single enantiomer of 2-arylpropionic acid (ibuprofen). 
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INTRODUCTION 

The global market for single enantiomer of 
chiral drugs started to surge in 1994 with 45.2 
million dollars and reach d 123 million dollars 
in 2000 (Stinson 2001). In 2001. tbis market 
mounted to 147 million dollar equivalent to an 
increase of 10.6 percent from the previous year 
(Challener, 2002). This fast growing market has 
stimulated a flurry of activities as drug 
companies. fine chemical firms and academic 
research groups explore new ways to make single 
enantiomer compounds. Among the methods 
applied in the making of enantiomeric drugs, 
re olution ofracemic mixtures i considered more 
economical than asymmetric synthesis. 

S(+)-ibuprofen i a Don-steroidal anti
inflammatory drug (NSAID), which has been 
introduced since last decade. But until recently, 
aU have been marketed and consumed as racemic 
mixtures except naproxen and tlunoxaprofen. 

Today, there is an increasing interest to produce 
the pure enantiomenc form ofbiologicaUy active 
drugs to prevent any side effects from using 
racemic mixture. NSAID is a dmg that suppresses 
inflammation in a manner similar to steroids, but 
without the side effect of steroids. Ibuprofen, 
which is commonly used to treat the symptoms 
of arthritis, gout, bursitis, painful menstruation 
and headache, is a crural drug where the (S) 
enant iomer is responsible for the de ired 
therapeutic effect. The (R)-enantiomer, on the 
other hand, can undergo unidirectional metabolic 
inversion of configuration to the active (S) 
enantiomer (Sheldon, 1993). 

Lipases [Ee. 3.1.1.3] hydrolyze ester bonds 
of Lriglycerides resulting in the release of free 
fatty acids monoacylglycerol , diacyl-glycerols 
and glycerols . During the past decade, microbial 
lipases have received much attention from protein 
chemists after these enzymes were shown to 
remain active in adverse experimental conditions, 
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e.g. high temperature (Sugihara et at. , 1990 and 
1991· Oliveira & Cabral, 1993; Ohnj hi el af., 
1994; Krieger el al., 1997), and in the presence 
of organic solvents (Nagao et al., 1998). Some 
were found to be stereo- elective (Erdmann. 
1988) a property explor d by chemists in kinetic 
re o lut ion of racemic compou nds and in 
asymmetric synthesis. 

Lipase-catalyzed reactions have proven to 
be interesting and have found useful applications 
in the manufacture of commercially important 
chiral drugs like Ibuprofen, aproxen etc . 
(Sheldon, 1996). Previou turues have revealed 
the use of fungal lipase in the preparation of 
active compounds commonly used for the 
manufacture ofchiral drugs . Carrea et al. (1996) 
using commercia l lipase of Aspelgillus niger 
revealed its enantio electivity towards the 
hydrolysis of3-0-acetate of cephalo porin C, a 
well known (3-1actam antibiotic. Al 0, Sanchez 
et al. (2000) investigated the enantioselectivity 
of Rhizomucor miehei lipase on ibuprofen and 
recently, Hongwei el £II. (2005) reported the 
kinetic resolution of ibuprofen using Candida 
rugosa lipa e. 

Here. we present a rudy on A. niger lipase 
which bas an enantioselectivity property towards 
the hydrolysis of a racemic arylpropiorul; butyl 
ester. These results indicate promising potential 
ofA. niger lipase for phannaceulical application 
to produce important single enantiomer ofchiral 
drug ibuprofen. 

MATERIALS ANI) MEHIODS 

Lipase production ofAspergillus niger 
Aspergillus niger (obtained from the 

collection ofMicrobilogy Department of PLB) 
previously cultured in 3.9% Potato Dextrose Agar 
(PDA) slants for 72 h was cult ivated in a 1000
m} production medium, each containing 1.0% 
otive oil, 1.0% sucrose. 0. 1 (Yo Ammonium ni trate 
(NH~NOJ)' 0.2% potassium di hydrogen 
pbosphate (KI-IlO), 0.4% magnesium sulfate 
(MgS0

4
) and 0.1 % ferrous sulfate (FeS04), at 

pH. 5.5 for 96 h at at room temperature with 
orbital shaking. To maintain the integrity oflipase 
from protease activ ity, phenylmethylsulfonyl 
fluoride (PMSF) was added to a final 
concentration of I ruM to the culture before 
filtration. The fennentation flu id was then filtered 
through Whatman # I filter paper to remove fungal 
cells. The filtrate containing extracellular lipase 

was used as the cntde enzyme preparation and 
tored at -20°C un ti l use. 

Protein content determination 
Direct measurement 

Rapid measurement of protein content of 
supernatant layers from A. niger cultures was 
detenmned by reading the absorbance at 280 nm. 

Brcldford method 
The Bradford method is a dye binding assay 

(Bradford 1976) with Coomassie Brill iant Blue 
R-250 as reagent. A I00-).l.1 ofsampJe wa . mixed 
with 5 ml ofCoomassie Brill iant Blue solution. 
The mixture was allowed to stand for 5 minutes 
at room temperature to allow the complex to form. 
Th absorbance was later read at 595 nm. Protein 
tandard consisting of bo ine erum albumin 

(l3SA) at concentrations ranging from 0.00 I to 
0.1 mglml were prepared. The absorbance reading 
of the sample wa calibrated agains t those of the 
standard. 

Lipase assay 
Quantitative detennination of lipase activity 

followed the protocol of Liu el al. (J 973). The 
assay mixture consisted of 5 ml of 0.05 N Tris
Hel bu1Ier, pH 7.0.1 ru l of olive oil, 1 ml of 
cu lture supernatant or enzyme solution and 5 ml 
isooctane. The mixture was inc ubated fo r 1 bat 
37°C with continuou shaking. The enzyme 
reaction was quenched by adding 20 ml of 
ethanol:acetone mixture (1: 1 viv) and cbill.lllg the 
flask in an ice bath. Fatty acids liberated during 
incubation were determined by titrating with 
tandardized NaOH (0.05 N) to pH 10.4. One 

unit of lipase activity was defined as the activity 
wh ich released J )l.mole of fatty ac id under the 
above conditions. 

Lipase purificatio n 
Ultrafiltration 

The crude enzyme wa ultrafiltered through 
a 76 mm Millipore membrane wi th 10,000 
molecular weight cut-off, to allow small er 
m o lecules to pass through while the bigger 
molecules remain in solution. A fina l rinse with 
0.05 M Tris buffer pH 7.2 was carried out to 
d is lodge proteins that mi ght bind onto the 
membrane. 
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Jon-exchange chromatography 
The ultrafiltrate was applied to a DEAE

cellulo e column which had been previou_ly 
equi librated with 0.05 M Tris buffer pH 7.2 . The 
column was washed with two column volumes of 
the same buffer. Th bound protein were 
ub equently eluted with a linear gradient ofsalt 

(NaCI) concentration from 0. 1 to 1.0 M. Active 
fractions \ ere pooled into one fraction and 
concentrated using ultrafiltration. 

Gel electrophoresis 
Polyacrylamide gel electrophoresis (PAGE) 

was carried out on 10% separating gel containing 
10 ml of acrylamide tock solution. 11.2 ml of 
4x. eparating buffer pH 8.8, 11.2 ml of di tilled 
water, 0.3 Illi of SDS (this wa not present in 
'n n-denaturing PAGE), 40 III of N,N,N' N' 
teuamethylene-diamine (TEMED) and 100 III of 
15% ammonium persu lfate (APS) . The 5% 
tacking gel contained 2.5 ml ofacryl mide stock 

solution., 5.0 ml of4X stacking gel buffer pH 6.8, 
0.2 ml of 10% SDS, 1.0 ml of 15% APS, ) 5 III 
TEMED, and 11. 3 rul of di tilled H

2
0 

(Rosenberg, 1996). 

Denaturing gel electrophoresis 
As much as 100/1-1 of each sample and Sill 

of low molecular weight markers were each 
incubated for 5 min in boiling watl;r bath with 
0.5 volume of2x ample buffer composed of4% 
(w/v) SD , 12% (vi) glycerol, 50 mM Tris, 2% 
mercaptoethanol (v/v) and 0.01% Coomasic 
Brilliant Blue adju ted to pH 8. About 70 /1-1 of 
each. ample wer loaded in each well. The run 
was calibrated again t 5 III of marker compo ed 
of: myo in (212 kDa), a.,-macroglobulin (170 
kDa), p-ga lactosidase (116 kDa), transferin (76 
kDa) and glutamicdehydrogenrue (53 !illa). The 
Buffer system wa composed of 0.025 M Tri 
ba e, 0.13 M glycine and 0.1 % SDS. 

Non-denaturing gel electrophoresis 
The arne procedure (in denaturing gel 

electrophoresi ) was employed for non-denaturing 
PAGE but with the elimination ofsoruum dode~yl 
ulfate (SDS) in the reagents . 

Visualization ofthe band~ 
Protein bands on the gel were visualized 

using silver staining method accordi ng' to 
Rosenberg (1996). The gel was submerged in 
large volume offix solution containing 50% vlv 

of methano l: 12% v/v of a etic acid for J h r 
overnight. Then, the gel was wa hed wi th 50% 
ethanol 3 times for 20 min each and sub equently 
soaked in 0.02% odium thio ulfate olution for 
exactly I min. The gel was then washed with 
distiUed water three time for another 20 min each 
then immersed in 0.2% AgNO) solution for to 
min. The gel was then rinsed with water two time 
for 20 ec each. To visualize the protein, the gel 
was incubated at room temperature for 10 min in 
de eloping ollltion (NazC0

3 
60 gil, 0.5 mill of 

37% formaldehyde and 4 mgll Na2SPJ.5HP). 
and then washed with water twice for 2 min each 
to lop the developing proces . The gel was oaked 
again in fix solution for 10 min and finally washed 
with 50% methanol for at least 20 min. 

Lipa e characterization 
$[fect o/temperature 011 lipase activity 

The purified lipase was assayed at different 
temperature ranging from 30-60° to determine 
the optimum temperature of lipa e activity. The 
procedure followed that ofthe enzyme say but 
the temperature was aried. 

Efject o/pH on lipase activity 
The pH ofenzyme assay medium was varied 

from pH 4 LO pH at the optimized temperature 
t determine optimal pH ofaclivity. 

Effect of concentration of substrate on lipase 
activity 

Different concentrations of substrate, that 
i olive oil from 100 III LO 1 ml were add d to the 
enzyme media containing fixed anlOunt ofenzyme 
and at optimized conrutions of temperature and 
pH. 

Lipase-catalyzed hydrolysis of arylpropionic 
butyl esters 
HydrolysiS ofmylpropionic esters 

One 011 of racemic arylpropionic butYl e ter 
dissolved in 10 ml isooctane was added into 10 
ml of 0.05 M phosphate buffer, pH 6.0, in a 250 
ml erlenmeyer flask. About 2.5 ml of enzyme 
solution derived from the active fraction for each 
tep of purification was added in to the prepared 

solution. Subsequently, the mixture was incubated 
for 72 h at room temperature with continuolls 
shaking. The reaction wa stopped by adding 10 
m l ofacetone:ethanol (I :] v/v). The organic layer 
wa separated from the aqueous layer using a 
separatory funnel. The aqueous layer was then 
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wa bed twice by u ing isooctan to remove 
unreacted bu tyl ester and acidified with HCI to 
pH Ie, s than 3.0. The aqueous layer wa then 
extracted twice with isooctane to isolate the free 
arylpropionic acid. Both organic extracts were 
dried. 

HPLC ana(vsis o(hvdrolysis product 
Arylpropionic acid (ibuprofen) obtained 

during the hydrolysis wa ' analyzed usi ng a 
Hitachi High Performance Liqu id 
Chromatography (HPLC) D-7000 t with R,R 
Whelk-O I chiral column. The mobile phase used 
was hexane:isopropanol (98:2 v/v) containing 0.5 
ml acetk acid per 100 ml of olution. The 
operating pres life was set at 270 psi with a flow 
rate of0.600 mLlmjn. The elutes were monitored 
u ing an online UV detector ct at 254 nm. To 
confirm the identity of peaks, spiking was done 
using racemic and S-(+)-aryl propionic acid 
tandard. 

RE LT AND Dl CUSSION 

Lipase production 
Lipase from A. niger was produced in a 

production medium after incuba lion for 96 h, an 
incubation peri d identified to produce high yield. 
The culture was filtered in order to separate fungal 
cells including mycelia from culture fluid 
containing lipase. 

The lipase production wa al optimized 
by m dif)ring the nutrients ofculture media. One 
percent of ucrose was used as the main carbon 
our e for mass production. This would upply 

twice a much carbon compared to glucose as 
reported by Garingan (199H). The more mycelia 
produced, the more Iipa e might be obtained. In 
ord r to induce more lipase 1 % olive oil was used. 
Ouve oil can be used as subsequent ource of 
carbon after the ucro e is exhau ted. 

Spectrophotometric analysi showed that the 
protein content of the filtered crude extract was 
0.5951lg/m1 while the volumetric activity oflipase 
was J .33 Ulml protein. The obtained protein 
content of the culture was almost twice that of 
Garingan 's (1998) lipase at 0.33 Ilg/ml. This 
higher protein content wa obtained by changing 
the nitrogen ource from odium nitrate as 
previously reported to ammonium mtrate. The 
latter provided approximately 35% nitrogen 
needed for protein ynthesis while the former only 
supplied about 17% mtrogen. 

Upase purification 

DEAE-<.:ellulo 'e ion exchange chromatograph) 
Table 1 show tile re, ult of enzyme acti ity 

analy es done on the frac tions el uted from the 
DEAE-cellulose column. The 0 . 1 M NaG 
fraction had the highest lipase activity (3.42 U! 
ru l) which was used for furth r analysis. The 
results sugge t thi lipa e i relatively 
hydrophobi and bi nd weakly to the matrix, 
causing it to elute at low salt concentration. This 
differ from the result obta ined by Garingan 
(1998) where high con entration of saLt (0 .7 M 
Nae l) wa needed to elute an S (+) 
enantio elective lipase. 

The chromatographic step was very 
significant in increasing relative purity of the 
enzyme based on the purificat ion value. The 0.2 
M N aCl fraction bowed highest degree ofpuri ty; 
hov ever, it was limited by the rcduc d yield. 
Highest yield was demonstrated by the 0.1 M 
NaCI fraction which ranked e ond in tenns of 
purification fold and specific activity. Subsequent 
steps then made use of 0.1 M NaC I fractioD . 

SDS po(vaclylamide gel electrophoresis 
To monitor the progres of purifi alion 

odium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was carried out. 
SDS-PAGE analysis of the rude extract and 
lipa e-positive fraction howed two bands after 
silver taining (Fig 1). Rfvalue analy i ofprotein 
marker and target protein revealed that molecular 
wei ght of the two maj or bands are approx imatel y 
87 kDa and 72 kDa, respectively. Previous reports 
show that molecular weight of commercial A. 
niger lipase A is 32 kDa (Carrea el. al., 1996). 
In addition, Garingan (1998) reported that Ii pases 
from A. niger have 2 main bands with molecular 
weight 62.9 and 49.6 kDa re pectively. The 
results could indicate that A. niger has everal 
lipase isozyrnes or isoforms which have different 
subslrate recognition capability and pecificity. 

Non-denaturing polyacrylamide gel 
electrophore is 

To prove that this lipase might consist of 
more dlan one subunit or isozyme, non-denaturing 
(native) PAGE was carried out. This method 
allows the quaternary structure of the protein to 
remain intact and also indicates the state of 
homogeneity of sample. It can also predkt the 
number of isofonns. [t is interesting to state that 
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Table 1. Lipase activ ity f crude extract and DEAE-cell ulose bound fraction using different onccntratlons of 
uel solution 

Fraction 
Prdein 
cortent 
(m~1) 

Valunetrie 
activity (Ulm I) 

Specific activity 
(\Jim 9 P !'<tein) 

PlIificatim fold Yield 

Crude ext ract 950 133 140 10 100 
o1MJltaCI 95 342 360 25.7 771 
0.2 MN3CI 23 126 547.8 391 L8i 

KOa 

212 

170 

116 

76 

53 

Figure 1. SDS-PAGE of purified lipase from A. 
niger after si Iver staining. Lane J, high 
molecular weigh t p rotei n marker 
(Amersham Parmacia Biotech); myosin. 
212 kOa; a , -macroglobulin, 170 kDa; 
~-galactos idase. 116 kDa; trans ferin. 76 
kDa; glutamic dehydrogenase. 53 kOa. 
Lane 2, OEAE-cellulose fraction eluted 
wit h 0 .3 M NaCL. Lane 3, OEA 
cellu lose fraction eluted with 0.2 M 

aCI. Lane 4, OEAE-c lIulose frac tion 
eluted with 0.2 M a I. Lane 5. crude 
extract. Arrows (~) ind icate the target 
protein 

only one major band appeared after nOJl
denaturing PAGE. This uggests that the lipase 
from A. niger, eluting at 0.1 M NaCl from DEAE 
column, putatively consist ofeither two different 
isozymcs with same molecular size or a single 
enzyme with 2 subunit (Fig 2). 

Characterization ofporified lipase 
Effect ofpH on lipase activit)' 

The effect of pH on lipase activity of the 
purified fraction was detenl1ined. Figure 3B 
shows that the exo-lipase from A. niger is active 
over a wide range of pH but shows optimum 
activity at pH 7.8 . 

A B C D E F G G 


Figure 2. Non-denaturing gel electrophoresis of 
lipase from A. niger after si lver staining. 
Lane A and G. prote in marker. Lane B, 
denatured crude extract. Lane C and F. 
undcnatured crude extract. Lane 0 , 
undenatured DEA -cellulose fractions 
eluted with 0 .2 M NnC I. La ne E. 
undenatured OEAE-cellulose frac tions 

lu ted with 0.1 M aC I. Arrows (~) 

indicate the target pr tei n 

Holme & Pack (1998) cited that enzymes 
are very. en, itive to changes in pH and work at a 
defined pH optimum. The effects ofpH ar due 
to the cbange in the ionjc state of the amino acid 
residues of b th the enzyme and the substrate 
molecu les. These alteration in charge will affect 
sub t rate binding and tbe resulting rate of 
reaction. Extreme change in pH causes pennanent 
denaturation . 

Effect oftemperature on iipa e activity 
The increase in temperature increases the 

rate of chemical react ions, but it also in reases 
the rate of denaturation of protein/enzyme. 
Determination of the effect of temperature on 
Lipase activity was carried out under the optimum 
pH by varying the temperature of lipase assay. 
which mnged from 30-60°C. The activity of lipa e 
exhibited a general decline as the temperature 
increased. The decline in activity was dramatic 
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in the range 50-60°C as shown in Fig 3-8. This 
range of temperature cau ed the disruption of 
hydrogen bonding and other forces ofmolecular 
interaction in he lipase tructurc ausing the 
di tortion in the conformation, leading to 
denaturation. H.ighest activity was obtained in the 
temperature of 30-351'C. However, the enzyme 
relatively remained stable a the temperature 
reached SO"e. 

Effect ofsubs/rate level 011 lipase activity 
A variation on the amount of ub trate used 

[or the assay varied from 100 to 1000 J11 ofotivc 
oil was studied at optimum pH and temperature. 
Il i clear a hown in Figure 4 that the rate of 
reaction increases with substrate concentration. 
Howe er, at 600 ~ll of olive oil and above, the 
rate begins to level off. It is important to identify 
the ubstrate level in etting up the enzyme as ay 
and in the development of valid method for 
understanding the kinetics of enzyme-catalyzed 
reaction. (Ho Lme & Peck, 1998). 
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Figure 3. 	 (A) The el1cct of pH n lipa e activity; 
(B the etTect of temperature on lipase 
aeti ity at optimum Ph 

Lipase-catalyzed bydroly is of an (l 

arylpropionic butyl e ter 
Hydrolysis ofan a-arylpropionic butyl ester. 

T he enantioselectivity of A. niger Upa e was 
examined in the hydrolysis of butyJester of a 
arylpropionic acid by HPLC analysis of the 
hydrolysate using a chiral COIWlln. 

Product analysis via HPLC 
The enantio. electivity of the sampl enzyme 

was evaluated through the product generated 
after bydroly i by HPLC equipped with an R,R 
Whelk-O 1 a the chiral column. HPLC analysi 
showed that the crude extract ortipase exhibited 
enantjo lectivity toward aryl propionic butyl 
ester (Fig 5.1). This was val idated when sample 
wa spiked with the S(+) Standard (Fig 5.2). 

DEA -Cellulose fraction eluted with 0.1 M 
Na I wa ' 0 able t hydrolyze the aryl propionic 
acid butyl e tcr (Fig 6). The hydrolysate contained 
a predominance of the (t ) acid, indicating 
preference for the (+) ester. A small peak which 
could represent the other enantioll1er was also 
observed. Parameter could be further optimiz d 
uch ru time of incubation to enhance selectivjty. 

Thus, the kinetics f the reaction can till be 
manipulated to produce more of the S(+) and less 
ofthe R( -) enantiomer. A quantitative estimate of 
unreacted ester was difficult to establish since the 
work-up did not aim [or thi only of the acid . 
This cou ld be gauged accurately the 
aggre ivenes of the nzyme sample, 

'1,6 

o 
IJ 0:2 DA 06 0.8 12 

...... ar "...._(1'r'14 

Figure 4. 	Effect oftbl! amount of 'ubstratc on lipase 
activ ity at optimum pi I and temperature. 
The amount of enzyme was fi."(ed at 9.5 
11£. equi alent to 3.42 U 
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Figs 5 and 6 ugge t that the crude lipa e 
was more selective than purified lipase. The 
racemic ub trate could be in theory. acted upon 
by both (+) and R( -) enantio elective enzymes. 
The difference is in the relative rates of reaction . 
One ofthe enzymes could catalyze the hydroly i 
at a fa ter rate. Alternatively. the S(+)-sc lective 
enzyme could actual ly recogn ize both 
enantiomers. but wi th greater efficiency towards 
the S{+)-enantiomcr. If the reaction tille is 
e tended, the S(+)-enatiomer concentration 
becomes 'Iimitina, th R(-)-enantiomer then 
become the next ubstrate. ill the experiment, 
shorter time periods cou ld be tudied to establ i h 
whether the enantioselectivity of the enzyme is 
comprom ised by an extend ed period of 
incubation. This might b due to the ' light change 
in the confom1ation of the catalytic ile which 
recognizes the aryJpropionic butyl ester substrate 
or might b due to absence of cofactor su h a. 
magnesium and/or iron which were present in the 
crude extract. Some enzymes require a cofactor 
to func tion well. Garingan (1998) identifi d a 
lipase from A. niger tbat wa . elective for the S 
(+) enantiomer, this tille using an arylpropionic 
metbyl ester as th sub trate. This is different from 
the Lipase being a ayed since this eluted at Iligh 
alt concentration using the same col umn, 
uggesting a reduced degree ofhydrophobicity. 
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Figure 5. 	HPLC chromatogram of the isooctane 
extract of the aqueous phase from the 
hydroly . ofan arylpropion ic butyl ester; 
1_ Using lipase crude extract; 2. Spiked 
wi th the S( )-arylpropioni acid 
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These resu lts demonstrate the potential use 
of A_ niger 1ipas in the production of s ingle 
enant iom r aryJpropionic acids. Further step must 
be taken to evaluate and determine the possible 
contributions of lipase in this undertaking. 
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Figure 6. 	 HPLC chromatogram of the isooctane 
extract of the aqueoLls phase fr m the 
hydrolysis ofan arylpropionic butyl e ter; 
1. Us ing lipase fro m DEAE-cellulose 
fraction eluted w ith 0.1 M NaCI; 2 . 
Spiked wi th racemic arylpropioruc acid; 
3. Spiked wi th the S (+ -arylpropionic 
ac id 
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