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Enzymatic Spectrophotometric Determinations of Acetylcholine and Choline
in the Biological Samples

Myung Hwa Nam, Sung-Ho Lee*, Ketack Kim and Younghee Hahn”

Department of Chemistry, Sangmyung University,
*Department of Green Life Science, Sangmyung University, Seoul 110-743, Korea

Abstract — In order to determine acetylcholine and choline in the biological samples, the specific enzymes of ace-
tylcholinesterase (AChE) and choline oxidase (ChO), which utilize acetylcholine and choline as substrates, were employed
to convert substrates to H,0,. The produced H,0, was coupled to 4-aminoantipyrine/phenol with peroxidase (PO) yielding
quinoneimine dye which was measured at 508 nm. In the present enzymatic spectrophotometric analysis the product at the
equilibrium state was measured considering accuracy, precision, time and cost of the analysis. The developed analytical
method yielded good linearity (calibration curve; Ass=9534[acetylcholine]+0.009, correlation coefficient (R?); 0.999) with
detection limit of 1.11x 107 M, reasonable precision (relative standard deviation; 0.10~1.62% at 2.5x10° M~1.25x10*M)
and accuracy (relative error; -0.24~0.97% at 4.13 % 109 M~1.01x10*M) for acetylcholine chloride standard solution. The
concentrations of acetylcholine and choline in human serum were found as 3.20x10°M and 1.14x10* M, respectively. The
brain tissues of Sprague-Dawley strain rat contained 9.82 ug/g of acetylcholine and 6.53 ug/g of choline in the cerebrum,
while 7.37 ug/g of acetylcholine and 5.34 ug/g of choline in the cerebellum.

Keywords [] acetylcholine, choline, enzymatic spectrophotometric analysis
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Fig. 1 — Absorption spectrum of the quinoneimine dye produced by
the peroxidase reaction.
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Fig. 2 - Enzymatic kinetics of peroxidase reaction. 2.5x10*M
H,0,, 2.5x 10°M 4-aminoantipyrine, 2.5X 10®M phenol

and 17.5 U/m/ peroxidase in the pH 7.0 phosphate buffer;
room temp.
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Fig. 3 — Enzymatic kinetics of choline oxidase reaction. 1.25x10* M
choline chloride, 2.5%10°M 4-aminoantipyrine, 25%10°
M phenol, 17.5 U/m/ peroxidase and 0.4 U/m/ choline
oxidase in the pH 7.0 phosphate buffer; room temp. and
30°C.
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Fig. 4 — Enzymatic kinetics of acetylcholinesterase reaction. 1.25X
10*M acetylcholine chloride, 2.5 % 10°M 4-aminoantipyrine,
2.5x10°M phenol, 17.5 U/m! peroxidase, 0.4 U/m/ choline
oxidase and 0.4 U/ml acetylcholinesterase in the pH 7.0
phosphate buffer; temp. at 30°C.
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Table I - Absorbance values with different concentrations of

Table II — Accuracy of the present enzymatic-spectrophotometric

acetylcholine chloride analysis
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2.50%x10 0.022+0.354 %10 1.62 4.13x10° 4.17x10°+5.81x10® 1.39 0.97
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2.50%107 0.264+0.834%10° 0.32 8.19x10° 8.17x10°+1.22x107 0.15 0.24
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Fig. 5 — Stability of the present enzymatic-spectrophotometric analysis.
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Table III — Absorbance values with different volumes of 5.00x
10*M acetylcholine chloride in the standard addition
method of human serum

Acetylcholine chloride volume (m/) Asogim
0 0.136
0.5 0.336
1 0.550
2 0.954
3 1.423
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Table IV — Absorbance values with different volumes of 5.00x
10* M choline chloride in the standard addition method
of human serum

Choline chloride volume (m/) Asognm
0 0.078
0.5 0.291
1 0.489
2 0.845
3 1.255

Table V — Absorbance values of single 5.00x10#M acetylcholine
chloride standard solution added to cerebrum sample

Acetylcholine chloride volume (ml) Asognm
0 0.161
05 0.220

Table VI - Absorbance values of single 5.00x10™* M choline chloride
standard solution added to cerebrum sample
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Choline chloride volume (m/) Asognm
0 0.037
0.5 0.101

o} Cx=(A,CsVs/A,Vt-A,Vx), 91714 Cx; Al % acetylcholine
7} choline®] % &% ¥+ choline®] &%, Cs; 718t T80
o X, Vs; F7Fe EFE89e] Ko, Vx; AlR2] 79, Vi &
FE S A F 6 m), Ay FFENS kA 29ks
Om)2] 4%, Ay T2 05ml H7HE vl F4=o]
th Ayel AREe He] di¥ 5 acetylcholine(CH,(NO;,
146.21)¥} choline(C;H,,NO*, 104.17)¢] % 5%+ 3.25x10°
Mo] 213l choline?] 55=WHe 157x10° M= AFE5 o] acetyl-
choline®] 5%+ 1.68x10° M=z AT, webs pH 7.0 Ak
3 AFE 416 miol EE 1.0406 g thi] 237 Qto:=
acetylcholine(C,H;sNO;, 146.21)°] 10.22 ug, < 9.82 ug/g®]
o] gHi=lo] AL choline(CsH,,NO*, 104.17) 6.80 pg, =
6.53 ug/gel ol =SSt S BAIZ BH 9] A x4
0.5223 g= pH 7.0 Q1413 24589 2,09 miell Wi F4fslo] Al
85 AZEAL 2 245 05m VE o= A E9}

YA BARESS FAPT|AL TS AR F S

2, =)
o VAR 9d TFEZ 7Rl 93 acetylcholine ¥}
choline®] s=5 AAlstsith Ao AFESE Ao 4y F
acetylcholine?} choline®] & ¥%+ 2.54x10° M]3 2 choline
o] FEREE 1.28x10°M=Z A& 5 o] acetylcholine?] ¥ =+
126x10°M& A4kt weba pH 7.0 Q4+ SF4-9)

Table VII - Absorbance values of single 5.00x10*M acetylcholine
chloride standard solution added to cerebellum sample

Acetylcholine chloride volume (m/) Asognm
0 0.113
0.5 0.195

Table VIII - Absorbance values of single 5.00x10*M choline
chloride standard solution added to cerebellum sample

Choline chloride volume (m/) Asognm
0 0.071
0.5 0.237
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W= Al
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