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Determination of enzyme activity in serum by
nitrogen laser-excited fluorescence detector.
Tatsumori TAkeEDA*, Shigeru Yosuipa, Kayoko Opa,
and Shingo Hirose** (*Ueno Civic Hospital, Shijuku-
cho, Ueno-shi, Mie; **Kyoto College of Pharmacy,
5, Nakauchi-cho, Misasagi, Yamashina-ku, Kyoto-shi,
Kyoto)

Nitrogen laser-excited fluorescence detector (Nisshin
Electric Co., Ltd.) is applied to the monitoring of flow
injection analysis. The conventional laser-induced
technique showed large fluorescence background even
with purified water. The major contributions to the
blank emission are luminescence from instrumental
components, scattered light and Raman scattering from
water. But these scattered light are instantaneous
and present only while the excitation source irradiates
the sample. The combination of pulsed nitrogen laser
excitation (peak power : 10kW) and time resolution
in boxcar integrator led to a instrumentation capable
of effectively eliminating these contribution to the
blank. In relatively pure samples, few problems with
this detection system were noted, however, significant
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rescence background of serum, which was mainly
caused by protein, could be decreased to 209 of
total background by incorporating DEAE-Sepharose
column (2mm X 10 mm) into the flow injection system
and by eluting with glycine buffer (pH 9.0) contained
30 mM sodium chloride. Furthermore (1~10) pl in-
jection of sample which was diluted serum to about
seventeen fold with enzymatic agents and buffer solu-
tion decreased the residual fluorescence background
of serum to negligibly small. In this system, makes
it possible to determine NADH which was produced
with enzyme reaction in serum. Using this system,
concentration of lactic acid and activity acid and
activity of lactic dehydrogenase in serum were de-
termined. The reproducibility of the assay using same
serum was 13.3 mg/dl, standard deviation : 0.65 mg/
dl and coefficient of variation : 4.9 9% (n=6) for lactic
acid and 220 U/L, standard deviation : 12.1 U/L, and
coefficient of variation : 5.5% (n=6) for lactic de-
hydrogenase, respectively.
(Received April 13, 1983)
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interferences were observed in human sera.
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D-1= (Kp) 1+ (Kex[A=]) =1 soeeverennnnnns (1)

Salts of organic cations examined

Group A
Cetyldimethylbenzylammonium chloride (CDMBA-CI)t
Tetradecyldimethylbenzylammonium chloride (Zeph-Cl)
Stearyltrimethylammonium chloride (STMA-CI)t1
Cetyltrimethylammonium chloride (CTMA-CI)}
Tetradecyltrimethylammonium chloride (TDTMA-CI1)
Dodecyltrimethylammonium chloride (DDTMA-CI)
Decyltrimethylammonium chloride (DTMA-CI)
Octyltrimethylammonium bromide (OTMA-Br)

Group B
Tetraamylammonium chloride (TAA-CI)
Tetrabutylammonium chloride (TBA-CI)
Tetrapropylammonium bromide (TPA-Br)
Dibenzyldimethylammonium chloride (DBDMA-CI1)
Benzyltriethylammonium chloride (BTEA-CI)
Phenyltriethylammonium chloride (PTEA-CI)
Group C
Tetraphenylphosphonium chloride (TPhP-Cl)
Tetraphenylarsonium chloride (TPhA-Cl)

Suppliers
C16H33N(CH3)2(CsH5CH?)Cl
C14H29N(CH3) 2 (CsHsCH2)Cl
C13H37N(CH3)3Cl
C16H33N(CH3)3Cl
C14H29N(CH3)3Cl
C12H25N(CH3)3Cl1
C10H21N(CH3)3Cl
CsH;7N(CHj3) 3Br

> > >

(C5H11)4NCl
(C4Hy)4NCl
(C3H7)4NBr
(CsHsCH2) ;:N(CH3) 2Cl
(C¢H3CH2)N(C2Hs)3Cl
(CsHs)N(C2Hs)3Cl1

> >>>0

(CsHs)4PCl1 B
(CeHs)4AsCl B

Suppliers—aA : Tokyo Kasei Co., Ltd., B : Dojindo Co., Ltd., G : Wako Pure Chem. Ind.; 1 Cetyl : Hexadecyl;

1t Stearyl : Octadecyl
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zzT, Kp=[C*+-A-]0/[C*+A~], Kex=KpXKay,
Kp=[C*-A-]/[C*1[A"] Th 5.
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Table 2 Extraction constants for ion-associates of
Zephiramine cation with inorganic anions

Anion  Tonic radius log Kox
This work Reported value®
F- 1.33» 1.7
OH- 1.45» 3.69
NO;' 4.65
Cl- 1.81» 4.67 5.11 (22, 23)
NO3- 1.89»
1.92¢) 5.71
Br- 1.96» 5.88
BF~ 6.96
I- 2.20» 7.44 7.11 (16)
SCN- 2,159 7.59
ClO4~ 2.36
2.10¢ 7.73 7.24 (16)
7.40 (23)

a) The number in parentheses indicates the number of literature
cited. b), c) Quoted from ref. 25 and 26, respectively.
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BIFCHEEREFRER L. ChbOBEBEOEHE LR
BEER X h RD-hHEKE% Table 2, Table 3 i©
w7

Table 3 Extraction constants for ion-associates

of organic cations with anions
log Kox
Cation Anion
This work Reported valuet
Group A
STMA* Cl- 4.24
Br- 5.37
1- 6.84
CTMA* CI- 3.23
Br- 4.40
I- 5.96 5.12 (16)
ClO4~ 6.26 5.45 (16)
n-CgH 17503~ 7.30
TDTMA* CI- 1.85
Br- 3.11
I- 4.68
n-CgH 7503~ 6.17
DDTMA* Cl- 1.05
Br- 1.91
I- 3.55
DTMA* CI- —0.31
Br- 0.82
- 2.26
OTMA* Br- -0.47
I- 0.94
CDMBA* CI- 5.87
Br- 7.06
Group B
TAA* Cl- 2.34
Br- 3.79
I- 5.50
n-CgH;7S03" 6.34
TBA* CI- 0.07 —0.11 (27)
Br- 1.24 1.29 (27)
I- 3.06 3.01 (16, 27)
n-CgH 17803~ 4.12
picrate 6.08 5.75 (16)
5.91 (27)
6.1 (28)
TPA* Br- -0.84
I- 0.86 0.51 (28)
picrate 3.71 3.64 (27)
DBDMA* Cl- -1.02
Br- 0.34
I- 1.95
BTEA Cl- -2.5"
Br- -1.4
I- 0.4
PTEA* Cl- -2.9
Br- -1.7
I- 0.2
Group C
TPhP* Cl- 1.18
Br- 2.56
1- 4.78
TPhA* Cl- 1.31
Br- 2.70
I- 4.74

1 The number in parentheses indicates the number of literature cited.
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Table 4

Slope of the plot of log Koy against the
carbon number of tetraalkylammonium
ion

Cation Anion Slope (4 log Koy per -CH2- unit)
Group A Cl- . 0.571
Br- 0.602
I- 0.619
n-CgH;7803~ 0.565
Mean 0.589
Group B Cl- 0.592
Br- 0.608
I- 0.598
n-CgH;17S03~ 0.555
picrate 0.593
Mean 0.589
Table 5 Differences in the extraction constant
between two ions and the contribution
values (z) of alkyl and aryl groups to
the extraction constant
A B 4log Kox -a>1
CeHs~ CeHy3- 0.64
CgHs- CioH7- 1.53
R-N(CH3)3* (R7)4N* —l.2tt
R-N(CH3)3* (CsHs) 4P, —-2.3tt
(CeHs)4As*

CpH20+1N(CH3)3* CpHzpm+1N(CH3)s* 0.59(m—n) (m,n<17)

0.56(m+3) —0.59(n+3)
(n<17, m>17)
0.56(m—=) (m,n>17)

(CaHzp+1)4N* (CnHzpm+1)sN* 0.59x4(m—n)
Group contribution value (zg)
Group (-X) Tx
-CHj, -CH- 0.56~0.59
-CsHs 2.90
-C1oH7 4.43

T log Kox > —108 Kexcar;

tf It is assumed that the total

carbon number in the two ions is equal, and that CsHs-group
corresponds to CsHj1-group.
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Plots of log K.y against the number of
carbon atoms in quaternary ammonium
ions (Group A in Table 1)

Cation : (a) OTMA*, (b) DTMA*, (c) DDTMA®,
(d) TDTMA®*, (¢) CTMA®*, (f) STMA®*, (g) Zeph*,
(h) CDMBA*; Anion : (1) Cl-, (2) Br-, (3) I-, (4)
n-CgH;7S03~

Number of carbon atoms

Fig. 2 Plots of log K.z against the number of

carbon atoms in quaternary ammonium
ions (Group B in Table 1)

Cation : (a) PTEA*, (b) BTEA* and TPA*, (c)
DBDMA*, (d) TBA*, (¢) TAA*;  Anion: (1) ClI-,
(2) Br, (8) I-, (4) n-CgH17S03-, (5) Picrate ion
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Table 6 Extraction constants for ion-associates of tetraalkylammonium ions with

carboxylate or sulfonate ions

Cation Anion log Kox dlog Kexa-pr T 41og Kex oc-mr 1T
ZePh* (A) C¢H,;3CO0~ 5.48
(B) CgHsCOO- 5.01 0.47 1.62
(C) C10H;COO~ 6.63 )
(A) CgH13503" 7.01
(B) G¢HsSO3~ 6.36 0.65 1.43
(C) C10H7803" 7.79
CTMA* (A) CgH;3S03~ 5.98 } 0.80
(B) C¢HsSO3~ 5.18 ‘
TAA* (A) CeH1480s- 5.00 } 0.62
(B) CgHsS03~ 4.38 .
TPhP* (A) CeH;3803" 3.80 } 0.65
(B) CgH5S03~ 3.15 .
Mean 0.64 1.53

T log Koxcar —10g Koxmy; 1t 108 Kex oy —108 Kox >

D X 5 BRI, BRAF VEROKEVWL DR EKM
LEEL, I hTwicd tEL bhb. KB{EHh1
FVRERNDAEIIRTHBERIR, Z2rriia
HTOBMNBEM (72 rer L afl) OldtBbhs.

42 BAXYOHHMCRIZTZLFIBOEE
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B0 (Fig. 2) et bh, KEH 20
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NEDIEM D DI H 20 LITD DI E~PE W
»EBbh, mom, & LTELUNE 0.56 ZHVHhIIR
WThHHS.

4.3 @AY OBRICEIMHMDER

B Usa A # vicowT Fig. 1 & Fig. 2 #H~%
L, Fig. 1 oEHIFHBLT 1.2 LrBBLTEDY,
BT AL EYRFEOLDIINHH 7T L3 AEERROD
DX b LHHERN 1.2 REWZ LR BR LTWa.
X, Table 3 WRLIERNDL T P57 == hRKk
SYALAVROET VG 7 2= TN =9 A F V
(FN—=FC) LIA—FADS b REFMN 71— FC
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R X Aoz, BEHOR YO 7 v¥EE

Xt 7 Y VER X BENCHROID EE L DR, Bl
WD\ T7 = = VER I DVBHR IR THWE 7 r—7CD
LOHRLLORELZT, B, B A vHOBESN
BRTHDTHSH EBbhs.

Table 7 Comparison of the observed extraction
constants with the calculated ones

log Kox
Cation Anion 41og Kox®
Calcd.® Found
Zeph* C10H;COO~ 6.54 6.63 -0.09
CH;3COO0- 5.65 5.48 0.17
C:HsCOO- 3.29 3.04 0.25
C10H7803" 7.89 7.79 0.10
CsH;3803" 7.00 7.01 ~0.01
C,H;S03~ 4.64 4.54 0.10
CTMA* CsH5COO- 3.90 4.14 ~-0.24
CeHsSO3~ 5.25 5.18 0.07
CsH,3803~ 5.89 5.98 -0.09
CgH17S03~ 7.07 7.30 -0.23
TDTMA* CsH 7803~ 5.89 6.17 -0.28
TAA* CsHs5SO3" 4.64 4.38 0.26
CsH,3803" 5.28 5.00 0.28
CsH, 7803~ 6.46 6.34 0.12
TBA* CgH;7803~ 4.10 4.12 -0.02
C10H7S03~ 3.81 3.45(29)® 0.36
TPhP+ CgH5SO3" 3.28 3.15 0.13
C¢H;3503" 3.92 3.80 0.12
CgHy7S03~ 5.10 5.16 -0.06
TBA* CsHsCOO- 0.93 0.43(31)® 0.50
TPA* C¢HsCOO- —1.43 —1.85(31)® 0.42
TAA* pic™ 8.44 8.5 (28)© —0.06
TPA* pic™ 3.72 3.64(27) 0.08
TEA* pic~ 1.36 1.32(27)® 0.04
THA*® I- 7.78 7.64(30)® 0.14
TPA* I- 0.70 0.86 ~0.16
TAA* I- 5.42 5.50 -0.08
CTMA* 1- 6.03 5.96 0.07
TDTMA* I- 4.85 4.68 0.17
TPhP* I- 4.32 4.78 —0.46

a) The values were derived from the following constants : Zeph*~
CgHsS03~ 5.01, Zeph*-C¢H35S03~ 6.36, TBA*-I- 3.06, TBA*-
picrate ion (pic™) 6.08. b) log Kox(caled) —108 Kox (Foupad). ©€)
Reported value. The number in parentheses indicates the number
of literature cited. d) Tetrahexylammonium ion
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Liquid-liquid distribution behavior of quater-
nary ammonium salts. Shoji Motomizu, Shoichi
Hamapa, and Kyoji TOrr (Department of Chemistry,
Faculty of Science, Okayama University, 3-1-1,
Tsushima-naka, Okayama-shi, Okayama)

The ion association extraction of quaternary am-
monium ions with univalent anions was carried out.
The extraction constants (log Key) for these ion-as-
sociates between aqueous and chloroform phases were
determined. The linear relationship was obtained
between log Ko and the number of carbon atoms in
quaternary ammonium ion, and the contribution of a
methylene group to the extraction constant, wcg,, was
on the average 0.59. The order of the extractability of
inorganic anions was F-<OH-<NO,~<Cl-<NO;-
<Br-<BF,;-<I-<SCN-<ClO,-, and the linear rela-
tionship was seen between log K,y and the crystal ionic
radius of inorganic anion. If the total carbon number
is assumed to be equal, the order of the extractability of
cations is R-N(CHj)s* >R/ N+ > (CeHj) [P+ (CeHj) o-
Ast, and the differences in log K,y between the respective
cations in this order averaged 1.2 and 1.1 in turn.
The = values for CgHs- and C H;~ groups were 2.90
and 4.43, respectively. By using these empirical
parameters, the extraction constants for several ion-
associates were estimated, and the extraction constants
calculated were in good agreement with those obtained
experimentally in this work and those reported by
other workers.
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