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Britain) was further purified as follows. Traces of fatty acids were removed 
by treatment with 5% aqueous sodium hydrogen carbonate followed by wash- 
ing five times with distilled water. The ester was then distilled‘over a 46plate 
column, and the fraction with boiling-point range 120.5-121° was coIk&d 
and stored in a glass-stoppered dark bottle. 

Chromatographically purified n-octane (purity 99%) was obtained as a gift 
from the Technological Institute, Prqgie, Czechoslovakia 

Amlykical reagent grade butyric acid (Lachema, &no, Czechoslovakia) 
was further purified by preparative gas-liquid chromatography (GLC) to 
achieve purity > 99%, which was checked by GLC of tie methyl ester. 

Diethyl’ ether of analytical reagent grade was purchased from Lachema. 

Appamtus, instrumental and chrvmatogmphic conditions ~. 
Gas chromatographic. analyses were performed on a Perkin-Elmer Model 

F 33 gas cbromatograph equipped with an all-glass system, flame ionization 
detector and a glass column, 100 cm X 2 mm I.D., packed with adsorbent 
Spheron-BD, 75-120 mesh (synthetic material developed by’ the Research 
and Development Chemical Department pf The Laboratory Instruments 
Works, Prague, Czechoslovakia). Further inform&on about .this suppOrt will 
be reported elsewhere. 

The column was conditioned at 170” for 12 h with a nitrogen flow-rate 
of 39.2 ml/min. The operating conditions were: oven temperature, 170” ; 
detector temperature, 225” ; nitrogen flow-rate, 39.2 ml/mm; air flow-rate, 
400 ml/miu; and hydrogen Sow-rate, 52 ml/min. 

A Perkin-Elmer Model 56 recorder was used with a chart speed of 5 mm/ 
min and sensitivity set at 2 mV. 

The standard solutions of buiyric acid were prepared by d@olving known 
amounts of butgric acid in dietbyl ether con-g 0.02% (v/v) of n-octane 
as internal standard. The concentration range of the butyric acid standards 
was 0.31 to 2.76 pmoles per ~1. A 5.091 ahquot of each standard was in- 
jected into the gas chromatograph and the ratio of the butyric acid and n- 
octane peak areas was determined and plotted against the amount of butgric 
acid injected. A typical standard curve is shown in Fig. 1, curve A. 

&I a similar-‘manner, standard aqueous solutions of bumc acid were pre- 
pared in 0.5 M phosphate buffer (pH 8.0); 1 ml of each solution was mixed 
with 1 d. of 1 M orthophosphoric acid and extracted into diethyl ether con- 
taining internal standard as described in the next section. A 54 aliquot .of 
each diethyl e+ther extract was injected mto the.gaa chron&ograph-and the 
ratio of the butyric acid and n-octane peak areas was determined and plotted 
against the amount of. butyric acid injected. A -ical standard curve is pre- 
sented in r’ig. I, curve B. 

Assay of b,iological sample for esterolytic activity 
An assay procedure similar to that reported by Skoirepa et crl. [Z] 6 

used. Serum aqd buffered substrate were equilibmted for -5 mm at37”. Serum 
(0.5 ml) was added to 3.78X10-* M buffered substrate (4.5 ml) in a glass- 
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Fig-l. Calibration and extraction curves for quantitative analysis of butyric acid. ,$3urve 
A: dietbyl ether solution of butyric acid with internal standard was chromatographed 
directly. Curve B: butyric acid was extracted from buffered seruin solution into’ diethyl 
ether solution of internal standard. 

stoppered tt?&-tube (180X 14 mm), and the mixture was incubated in a water- 
bath at 37”. The enzymic reaction was stopped after a definite period by 
pipetting 1 ml -of the incubated mixture into another glass-stoppered tes+ 
tube (150X 12 mm) which contained 1 ml of 1 M orthophosphoric acid. The 
mixture was shaken, then stored in a refrigerator at 4” for 5 min before it 
was exW&ed into 2 ml of cooled &ethyl ether solution which contained 
0.02% (v/v) of n-octane as internal standard. The mixture was weli shaken 
and stored in the refrigerator for at least 5 mk before the injection of 5-p1 
aliquots of the upper diethyl ether layer into the gas chromatograph. 

In .&he control tes&tube, he&~activ&ed sert& or physioIogical saline 
was -US+ in&ad of serum. E&?rolytic sctitity assays were carried out in 
du@i&& 

The pH o&m&: was determined by measu&g the extent of hydrolysis 
of su&&rate dissokd ‘in buffer solutions of differed pH .value+ (6.5-!3.5). 

The .bekiod df incubation was fked at 2 h. Similarlg, estiolytic activity 
~&%determined in buffer @&ions of different ionic &engtbs~(O.O06-1.6 &f). 

~D&eknination of the effect of dilution was .carried .out by diluting the 
serum with he&inactiv@ed seza or physioJogi@ saline. 

A~= typical ~chr&&o~ is ihO_ in $g. 2. Butyric acid ik com+nientiy 
separated from the solpent (&ethyl_ ether), and &be t+bsk& (ethyl butyrate). 
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F&n. TYpical pattern of separation of a mi%ture of butyric acid,ethYlbutYM+=. diethy 
ether(solvent)and n-octane (itemal standard).GSCconditioneareasdesezibedunder 
Experimental, l=diethylether;2=butyricacid;3=ethYlbutyrate: 4=Rqt+% _ 

Ccdibmtion and extraction efficiency 

Standard samples of btityric acid dissoIved in diethyl ether in concentra- 
tions rang&g from 0.31 to 2.76 nmoles per ~1 were assayed. The calibration 
curve shown in Fig. I, curve A, was linear. To de&mine “the effitiiqnw. of 
the exka@i&n of butyric acid from buffered aqueous solutions into diet&y1 
ether, buffered serum solution SuppIemented with bu&ric acid conc&tr& 
-tio& ran&kg from 0.246 to 2.46 nmofes per ~1 weti ksayed @xx &-~~ne- 
s+p extraction~into &ethyl e&et aixordkg to the procedure described. ‘I%& 
c&b&en ctie showr~in Fig. 1, curi& B, ks linear oveP ttiis r&ge, which 
covers the .z&$e of concentrations of bukyric~ acid produced @ hydrqlydis 

_ of ethyl butyrate by seruk fdr .I-_4 h; The single &ethyl_ ethei extkxtion 
proved to be effective enough, the kcovery of butyFic adid behi& 9%.!50+ 
0.81%. Since the klibration cuNe shown in Fig. 1, curve B, was conskructed 
under experimental conditions similar to those used in .&e ‘&y &i b&&&c 
acid tirn hydrolysis of ekhyi butgrate by biological +mple, _this @j&&ion 
cu.&e rather than Fig. 1, curire ;A, was used as th~&u$qi_&ibb&ion_ a&ye 
in the d&erm&tion of~e%ero&&ic a&#&y in’biolO&c&&ipks. ._. 
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Repmducibirity and sttzbiliw.. 
The reproducibiliQ~ of chzo*atographic analysis was determined‘ by injec- 

tion af ten samples of 5 ~1 of the s&e solution. Three solutions witi different 
concentrations of butyric a&d were anaJysed and evaluated statistically. For 
each concentration the coefficient of va&tion (C-V,) did not exceed 1_8% 

The siztbiiifg of the serum hydrolysate after extraction into di&hyl ether 
was checked by injecting!5-fll samples of three mixtures that were incubated 
for 1, 2 and 3 h, respectively, after the following periods of storage in the ---- -. 
refrigerator at 4” : 5min, 3Omin, 1 h, 3 h, 6,24 h, 48 h, and 72 h. The mixtures 
were &able at 4”, as is evident frorq the results in Table I; 

The high reproducibility of the_ method deserves comn+t. HeptAne [9] 
and toluene [IO] have previousli~been used for the extraction of fEee fatty 
acids. Under the conditions of the GSC procedt&e, thee soivents:were not 
suitable on elugon, their peaks interfering with the elution peaks of either 
butyric .acid or ethyl b&y-rate. Diethyl ether as an extraction solvent gave 
quantita~e yields in a done-step procedure. After storage of the solution in 
the reEgera?r at 4”, the reproducibility of results was b&ter than t3% 
Table I). 

Effect of enzyme concentration on the mfe of hydrolysis 
The rate of esterolytic activity measured by hydrolysis of ethyl butyrate 

was directly proportional to the vblume of Senun over a 15-fold range up 
toL5Inl. .- ! 

Results presented in Fig. 3 show a linear relationship between the amount; 
of hydrolysis product, buQric. acid and time up to 4 h with undiltited and 
diluted sera. There was no significan~ difference in the rate of hydrolysis when 
heaMmctiva&ed serum or physiological saline was used for diluting the serum, 
which inditites tit& the blood sm probably does not contain any inhib- 
itor of esterolytiti activity. : 

: 

TABLEI __ 

EFFECT OF ST&AGE ON THE SERUM HYDROLYSATE IN D IETHYL ETEIER SOLUTION 

Serum hydmlysate Ektent of hydrolysis (amoles per 5~1 sliquot) Remmks 
in ether 

Period of storage : 

SinA .3@min lh 3h. 6h 24-h 4Sh 72h 

l-h hydrolysate 2.80 2.90 2.88 2.80 2.92 2.88 2.90 2.90 Average: 2.87 

C.V.: 1.62 

2-h hydrolysate 5.70 5.72 5.68 5.72 5.90 5.70 5.70 5.72 Average: 5.73 

C.V.: 1.22 

3:h hydrolysde 8.50 8.64 8.84 8.50 8.90 8.84 8.70 8.70 Aversge: 8.70 

.1. -. C.V.: 1.75 
_:- 

_:- -. 
_ , 

. . 
: ._ _ r; ., 

. . 
_. .r 
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1 2 3 4 s rim0 Ch) 

Fig.3. Time course of hydrolysis of ethyl butjmte by undiluted serum and serum diluted 
with heat-inactivated serum in the ratio indicated. 

Effect of pH atid ionic strength 
The pH--activiw curve for- serum hydrol@s of ethyl butyrate is shown in 

Fig. 4. Optimal a&vi@ occurred near pH 8.0. The curve is rather broad near 
its optimum and in this respect resembles the pH--activity curve for tryptic 
hydrolysis of beuzoyhuginiue methyl ester 1111 _ At pH 8.0, non-enzymic 
hydroIysis was almost negligible, being 0.005% of the substrate in 1 h at 37”. 
The stabiity of ethyl butyrate to nonenzymic hydrolysis makes it a suitable 
choice as a substrate for the determination of esterolytic activity, unlike 
methyl ,butyrate which was more volatile and far more readily split by non- 
enzymic hydrolysis. Other workers 1121 have also reported appreciable rates 
of non-enzymic hydrolysis of methyl bu@rate even at pH 6.8 and 37”. 

Table II shows that the optimal ionic strength for the esterolytic activity 
of blood serum on ethyl butyrate .was 0.5 M_ 

Accumcy and sensitivity of the GSC mefhod- 
The accuracy of the GSC method was determiued from duplicates of ester- 

olytic assays performed on %wenty different samples of bloodsera. The coef- 
icier& of variation was 0.43%. - 

The detection limit of butyric acid was about 1 pg/n& 

in comparison with 

- CONCLUSION 

The GSC method proposed has several advantages 
methods in current use whiqh jr&de: t@ration [Z], colorimetfJI [3-g], 
fiuorimetry [S], and manometry 17, 81. The restrictions in these methods 
have been reported by _Ikezawa et al. [12]. These authora proposed a GLC 
method .which itself has a few limitations. First, the- methyl buWrate used 
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PH 

Fig-l The pIz--activity curve for the hJidroly&s of ethyl butyke by ~~. 

RATE OF SERUM HYDROLYSIS OF ETHYL BUTYRATE AS A FUNCTiON OF IONIC 
STRENGTH 

Ionic &en&b of phosphate Rate of hydro@zis 
buffer (pH 8.0) (M) (mnoles of butyrk acid 

,_ \. produced per minute 
perml ofserum) 

1.0 195.0 
0.75 233.3 
0.50 240.0 
0.20 201.6 
0.10 188.3 
0.06 175.0 
0.025 155.0 
0.0125 141.7 
0.006 135.0 

in their GLC method is not a &Sable &b&ate beea& of its high r&z of 
non-enzymic. hydkolysis as previously discussed [12]. Secondly,. the method 
proposed included deternGna$on of esterolytic activity by assay of the sub- 
strate concenkation. &I enzyniic ‘&a&ion shoes the desirable character- 
istic linear relationship between the substrak transformed and time only 
if it-is zero order with respect to the substrate concentration. This implies 
only slight changes in sub&ate concentration and such changes cannot be 
determined with as high a precision as the change in the concentition of 
the product. 

The akuacy of the method proposed is about ten ti.mes as high as that 
of the micro-titration method since .&he coefficient of variation of the method 
described was estimated to be 0.43% and that of the micro-ti&ation method 
was 4.5%. The activities measrved with the optimized GSC method were 
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higher than those previously reported from this laboratory for the micro-: 
titration method [2] _ This increase can be explained by the fact that the 
assays using the GSC method were performed under conditions of optimal 
pH and ionic strength. 

The proposed method has good sensitivity, reproducibility and high acc?ura- 
Cy. The speed of analysis permits this method to be proposed for routine 
clinical assay of esterolytic activity in blood serum. 

The average value for esterolytic activity of serum as determined by the 
hydrolysis of ethyl butyrate in the micro-titrimetric method was 82.98C 
9.51 nmolesmin-l -ml? serum and the normal values statistically evaluated 
were 59.X8-106-78 nmoles-min-’ -ml-‘. 

. - 
I?rehmmary results with this method gave an average value of 235.30* 

61.70 nmolesmid’ *ml-’ and. a statistically evaluated normal range of Sl- 
389 nmolesmin~’ *ml-’ serum. The differences in these values can be ac- 
counted for by reasons already discussed. 
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