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Abstract

Tetrahydrobiopterin (BH,4) is an endogenous factor in human body, one of
its important functions is to act as a coenzyme for certain amino acid
hydroxylases.  Tetrahydrobiopterin  participates in the synthesis of
neurotransmitters such as dopamine and serotonin. Deficiency in BH4 will lead
to the disturbance of homeostasis of certain amino acids in the body, especially
dopamine and serotonin, and is called tetrahydrobiopterin deficiency (BH,

deficiency).

Tetrahydrobiopterin deficiency is one of the Department of Health-declared
rare diseases in Taiwan. Clinically, it correlates closely with developmental
delays in children. Early diagnosis is beneficial for victims. Presently, there is no
analytical method applied routinely to 'measure the amount of pterins in
cerebrospinal fluids in Taiwan. The present study tried to employ and optimize
applicable analytical conditions, including buffer systems, pH value, flow rate,
and voltage (electrochemical detection), by using high-performance liquid
chromatography (HPLC) and liquid chromatography/ tandem mass spectrometry
(LC/MS-MS). The application of suitable assay methods to the measurement of

patients’ cerebrospinal fluid (CSF) samples was also attempted.

The established analytical conditions in the study are as follows:

The first was for the simultaneous detection of neopterin and biopterin by
reversed-phase HPLC with fluororescence detector. Chromatographic conditions
were as follows: column 150 x 4.6 mm packed with 5 um C;3, mobile phase 5

mM citric buffer, pH adjusted to 5.2, flow rate 0.5 mL/min, excitation
v



wavelength 350 nm and emission wavelength 448 nm. The detection limit was

200 pg.

The second was for the determination of BH, by using reversed-phase
HPLC with electrochemical detector. Chromatographic conditions were as
follows: column 150 x 4.6 mm packed with 5 um C,g, mobile phase 10 mM
phosphoric buffer, pH adjusted to 2.5, flow rate 0.4 mL/min, applied voltage

was 700 mV. The detection limit was 80 pg.

The third was for the simultaneously detection of neopterin, biopterin, BH,,
and BH, by utilizing LC/MS-MS, using reversed-phase 5 um C,g column ( 250 x
4.6 mm, 1.D.) for separation. The mobile phase consisted of 5% methanol in

water (pH 2.5), with a flow-rate of 0.8 mL/min. The detection limit was 1 pg.

The analytical methods described above were applied to the assay of human
CSF samples. During Nov. 10, 2004 to Dec. 31, 2005, fifty-four patients with
developmental delays were recruited into the study from the outpatient and
inpatient services of the NTUH Department of Pediatrics. CSF samples were

collected for analysis.

Results showed that neopterin, biopterin, BH,, and BH, were not detectable
in all CSF samples by employing LC/MS-MS, even though our detection limit
was comparable to previous Western reports. One possible explanation is that
the CSF pterin levels of our population was significantly lower than the
Caucasian population and, thus, the quantification was hampered by undesirable
detection limit. For aiding in the diagnosis, treatment, and monitoring of BH,
deficiency and therapy, larger-scale trials with both healthy and diseased

A%



subjects are needed for setting up reference values for our population in the

future.
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2 Trp 34 GBS Tenam Spfrier v o A2 m% 5 2 h o R
M A 4 - 15 & hi% B > 4e phenylacetate 2 phenylpyruvate &
fi 5 phenylketones ¢ 4 5| i @ 2 Phe 4 £ % DHPR it *
% =~ > (e phenulpyruvate #r¥t¢ #r4] DHPR hit* £ 20% » ¢~ %

phenylpyruvate i&#* phenylketones € i 55 & & + % - 64 1 %
&

4;

rﬂtﬁlﬁ » mip i+ 4 PKU i@ r.;ﬁa_md & o

Phenylalanine % j% ¥ ek & %% &2 1.0-2.0 mg/dL ; &k *
REop A R ? G Phe )i F T 20mg/dL 0 BRLE T & i M e
#¢ Tyr k& > ¥ F*® F phenylketones ¥ f¥ € %7 5 typical
PKU > & - 4 F & % %245 ;% 7 Phe kB 4216 6 mg/dL T 2% B 4>
% typical PKU 7 & 2 fie® & 5805 o PKU ¥ 15 #4742 224 % %
R Y B }%am%ﬁﬁ_ R drd k> ERATA Eﬂi‘—‘ﬁ{ﬁ‘ﬁw’ 3%+ ©
& ¥ Phe o (%2 mg/dL) EV—‘F'T DA EE PR Y% o

Rl i BHy 35 £ cRgEuI 480 1 L & i -

10



P BN BT ERTA SRR L ¢ A A AR LT A
it £ ( congenital hypothyroidism ) ~ PKU ~ § % d i o g
(homocystinuria ) ~ X 5w J& (galactosemia) ~ § 5 #5-6-F4fs B
2 & 4 Z & ( glucose-6-phosphate dehydrogenase » G6PD deficiency °

FHEEZR)

Ao > @ o typical PKU & Jf & Bt g4 4c & ¢ Phe erd&EP~
T el R & P Phe ek R T E ¥ B 77 W /2 2-6 mg/dL
2 B0 PRk Gk 2 2 FALER 4R 70
gL - BEER T R RapING T ok =
FREI9T3 E4 L h- R P 2 EF 0 s 4 o f Phe 3% &
mg/dL & i5f ok it o ME R B AT 2 b
FEY 2B E- I maiaga aidl 7 TR i

B4R & ) o B AR i ATA  D FTE A R - BB e

=
AC)
N
o
R
&K

AR e L FRAeF I F AR AL o (S
Ry tdr @b o g iR > #2474 £F 5004 15 i
o x 2 HnH Phes ¥ JER B 18mgdL chpiz { 7334 7
I A G gL 7 R R R o 0 BATE 2R R R R

PKU ':’ﬁ]}%ﬁ. qrﬁ’? 2 xe‘\[ﬁ;,] Phe rﬁ%ﬁx > :}ﬂﬁl R ‘QE‘%”ﬁ . ¥ Phe /%)i
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B® Db

P

R O

1

& Betedr 4] Phe crnifiB o TR R F A

EAEED K RV G2 NG RIREE S A T B
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A LI—

a- Tetrahydrobiopterin 3 Z_J¢

W_BH en3 & 2 gt k5 > BHy chadb £ 7 a0 k302 &34
PP TR R Er - BREET AL A F L AEgERY Y ER
- BAEE A T ¥ 0 Tt BHy# Z g (ICD-9-CM %% 270.1) ¥ 12 /%
3 kAR B AR BH 4 LG 3 b hA RAIS > frand

A0 AT L TR R o

M BH % Lk 2 ok ~ HEF S AR SR TS T

N 1= S L
Flak £ A 5 B F 4 T 4o dopamine ¥ serotonin % epinephrine £
norepinephrine @ 31 4= — w4 g 4k 521 F 4 (T & AoS g eh- ks
PAE4 BF G2 AW~ BE S )44 £ serotonin chE R 1 B

FETEEER G - BTN S PRl 4 g ko -1 9

Fo1-2 FrE A PoRigak £ ahdp ok

Dopamine Serotonin Noradrenaline
Immobility Depression Axial hypotonia
Parkinsonism Altered thermogenesis Cerebellar symptoms
Sleepiness Insomnia Ptosis

Dystonia

Eye rolling

Hypersalivation

Swallowing difficulties

13



Tetrahydrobiopterin 4% Z_ g 2_ & %7+ 14 € = i C R
iﬁ i 77 ¢ Phe ek B % *Y 200 umol/L (3.3 mg/dL ) B » - B

(dn
lgut

B2 4k > £ 2 SRR P neopterin % biopterin Sk B u B

34

°F

2

/14
R4

H\

8

N

(= F ) %= B E_iABH,loading ;B3 » Lt L ¥ o

Yt

.

¢ hPhe kB 2 % 6-7Tmg/dL  S£iE = | PSR &S ¢ PR 7.5 mg/kg
BH, > # ¥ BHy# £ ehg ¥ H 1 ¢ Phe BB Bi% & 4-6 ) FFz p
%w3d ¥ & (12 mg/dL) > # L DHPR e ¥ B2 & @ Phe &
B E RS TR AE o BH, (20 mgkg) 4w F Y w
Z BB ET AR AR R F IR BT L R BHy A L e

Y iSSP Y AU R S S G Ik LS LR )

pos
)
-
F_\.
f;z
\ o~
=i
A
eu.
-
3
=%
=
£
a
7
=
[t
“g,
N
~E
\ns
I
T

= ~ Tetrahudrobiopterin 4+ Z_ Jg 2_ g &

X

5% e BH, 4 £ P17 A % AR ¥ - & plerins 5T F 1

%ﬁ,’g:‘é#&% %03,5,18

14



|l

% 1-3 7 35 BHy 45 £ 8 fie @ pterins %7 § ©* A 42 3

> M Feite @ 2 TR
Guanosine triphosphate GTPCH 4~ Z  neopterin * tF™ "% »
cyclohydroxylase deficiency biopterin ~ +F T *%
6-pyruvoyl tetrahydropterin ~ PTPS 3% £ neopterin ~ g+ =
synthase deficiency biopterin ~ tF T *%
Pterin 4a-carbinolamine PCD # 7 neopterin + -~
dehydratase deficiency primapterin I} 3L
Dihydropteridine reductase =~ DHPR 4% 2 neopterin $&£pc = g
deficiency 7 % -~ biopterin _F =

RGBS BH L gE Y o ¥ LT PTPS 44 >
718212326 4 g DHPR 4 £ » @ d PCD 4 £ £ GTPCH 4 £ #73|

A22. BHy# 2 Pl ik > fic o &

Bk e HPA el o % - B85 SR L & , 427,
X B Hdet &8 1-6 777 0 AfE_6-pyruvoyl-tetrahydropterin % % =
BH, 427 » ' 0 & jpd SR pER 2 b - B - BFRARER
" oie— 3R kA 4 8% > F 4 7 aldose reductase (AR ) %
carbonyl reductase (CR ) » F]p* 82 X 4% £ SR ¥r 7 ¢ 7 HPA 2%

40 %2 BRI S G AMAFAE B 2 & GTPCHT 4 Flkud 4

15



R % #7ig¢ = 7 Dopa-responsive dystonia’ J - = Segawa disease & i}
9,27-29

g iorg o2 23 (hereditary progressive dystonia ) £ 5 o

ot % BAL kPR EF — B4 € A4 HPA effa; o 42028

Aptd B g &I HPA hiFA,2. T > 354 28R F i BB

Ik

BIE "G H BUR P pterins 2 A 5 B E 5 T S B kR K R o

fipR S 6 - § %3 typical PKU hd ¥ 7 & 84 418 &
&7 Phe (g T+ #3412 5 ; atypical PKU - » f].%{BHM#iJi

A B EFLAA SRS T ARMA B LA SO ES Tt

g
>_L
“
2
=
ud
JAXY
o
£
i}
94

R SR I EEME SR R
BH, ¢t o 5 * 120 GTPH 44 £ 22 PTPS 44 £ ¢ & > £ X 5-10
mg/kg 4t G R By @ $ DHPR & L e BRI 7 i § & 5
2 12-20 mg/kg 1 i E B R Gg L o b4 A7 7 #& 9 DHPR o
o ¥ pterins 2 EFRLAF AR R LI B B ’i\ii",f IR
BH, 4% Z 2 ¢t i ¢ 13 = tetrahydrofolate 4% 2 » F]¢* DHPR 4 Z 2
A RERPS R AR PE L 3T d o & DHPR # £ 2
i % % %4 A folinic acid > s # LA T2 A LT o T BHy

L bR F R A A - EREPF T T RS T
16



L-dopa %2 5-hydroxytryptophan % > Mg 4.4 55 > 5

-

R

L N I B end o 3,5,7

* ~ A% ¢ pterins k& % F
F 1-4 #8% ¢ pterins Jk & 57 # F 420,31-33
iR Yeetal Blauetal Dobbieetal Ramaekersetal Dobbie et al
(&21&)  (2002)%  (2005)* (2000) ** (2002) * (2000) *
w4 %k Fig (mmol/molCr® ) s i (nM) a4 k5% (nM)
Neopterin ~ 0.28-2.6 1.1-4.0 3-11 9-30 (1m-2y) 15-35
(newborns) (newborns )
1.1-4.0 12-30
(0-10y) (0-1y)
0.2-1.7 9-20
(>10y) (>2y)
Biopterin  0.35-2.96 0.5-3.0 4-18 10-40 (1m-2y) 20-70
(newborns) (newborns )
0.5-3.0 15-40
(0-10y) (0-1y)
0.5-2.7 10-30
(>10y) (>2y)
% B 42.7-75.9 --- ---
BH4 --- - 30.2-38
BH, 2.9-449; <14
Ref29 % ¢ W4 BH ¥ & 2002 & “F e § 3

% Cr, creatinine

*d1 f Bonafe etal (2001) *
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% 1-5 i3 #cp BIODEF FH# & £ 478 BH, 4 £ ¥ PKU 2 # it @ »?

GTPCH deficiency PTPS deficiency DHPR deficiency PCD deficiency PKU Controls®
(Im-2y)
Plasma ( umol/L ) severe 250-2500 severe 180-2500 Classical’ >1200
Phenylalanine 90-1200 180-1200 Atypical”  600-1200 <120
mild 240-2200 mild 280-600 Benign' 120-600
Urine ( mmol/mol creatinine ) mean range mean range mean range mean range mean range
Neopterin 0.14  0.09-0.20 21.86 4.95-51.16 6.22 0.48-23.23 1538  4.07-22.48 4.60 1.11-16.94 0.3-4.0
Biopterin 0.09  0.04-0.18 0.14 0-0.45 10.19 3.78-25.56 1.11 0.67-1.47 3.00 1.21-8.14 0.5-3.0
Primapterin nd nd traces 0.76 0.44-0.93 traces traces
96 Biopterin 369  24.1-5425 1.0 0-5.0 66.5 25.3-93.5 124 3.2-26.6 323 12.8-75.2 44-77
CSF (nmol/L ) mean range mean range mean, range mean range mean range
Neopterin 1.0 0.05-3.0 173 11-449 19 11-70 50 43-117 37 6-118 9-40
Biopterin 4.8 1.5-7.5 10 0.8-42 51 25-117 44 16-96 75 15-143 10-50
96 Biopterin 87 65-99 3 1-9 74 46-86 49 22-78 68 25-88 32-87
Homovanillic acid 34 15-48 152 11-368 90 19-204 384 170-602 378 47-1174  100-900
S-Hydroxyindoleacetic acid 112 61-183 57 5-154 24 4-75 205 135-300 188 14-471 120-500
Residual enzyme activity ( 96 ) <1° 30¢ <1 ? <1°
Loading test with BH,°
20 mg/kg body weight + + + +
7.5 mg/kg body weight + + +/- +

nd = not detectable; “Range; Liver; ‘Erythrocytes; 9Fibroblasts; “+ indicates a reduction in plasma phenylalanine concentration following oral BH, loading test; f, PAH
deficiency; BIODEF, International Database of Tetrahydrobiopterin Deficiencies; GTPCH, guanosine triphosphate cyclohydrolase; PTPS, 6-pyruvoltetrahydropterin
synthase; DHPR, dihydropteridine reductase; PCD, pterin-4a-carbinolamine dehydratase; PKU, phenylketonuria



¥ 8 Mgy Pterins g 22 H ¢ Apipi Lz &
1

Milstien % % (1980)°>* ch= 3 @ Bgom > & F e L 3z 8 H A

¢ 0 biopterin < Wi e B & AN o S ,T‘%'ELBH4 F oM

bFEILY 875G DHPR & L e K it dienfpi @ fre 3§ 2 &0 4

3 H%F BHy e i Fpt 4 0 é DHPR 4 Z g > BRI g @

biopterin B i ft 3 ek B A - B P 2LE Mt E oo

R EERASNDBIL AL ER LT B HEF 24 &
P ARA NF EMRAT T BHy SR R o T & H VR
P F E vusk 4 R #’ (dystonia) N R ’@@Iﬁi (depresgion) ]

s s s g o g v . 26,3536
%‘F'T s Hia BN P ¥ kY BHyeE R R F 5 K0 oA

—H|

4 Hreidarsson % 4 (1982)%! = T ¢ P F R F 3 PTPS

Z_ ((mild) peripheral form of PTPS deficiency ) » % 3 # {

4@ 73 hyperphenylalaninemia # 3.2 BHy4* £ g > &% 1#74] PTPS
Lk 3 PTPS ok cid f2pe? R PTPS e Lent 4 %077 ik

19



2R F AL H W kDR 7 o0 biopterin #AY K@ EF Tk R T
¥ood R RGEACB T PTPS 44 % BEA Ik B8 Rl )
B - %3 Fh RS B #3)HPTPS 4 £ % X ik #rF PTPS
261797 B X% if 4] PTPS 4% £ 5 4 &v t#<h pterins Jk & I
¥ o 2k e L-DOPA~5-HTP %4+ f > &2 % £+ - B2 {4

B R - StksAE e Y

Sawada % %« (1999) ¥ # £ R A o LR S AR
B P BE% ¢ neopterin £2 biopterin 570k & 5 oAp K crAEE o BRUR
P NB#® 5 1-7 X374 52057 @ AP kg ® N/B &3R5
7-11 B % % 5261097 £ =t %7 7 pterins vk & A% ¥ kg 2 @

Y 303 Skt o

CSF ¢ BH ek R F %7 ch BHy BB 11 3 p B Medff 2@ +%
g et d 2 B EE T Ea g RV R Y BILERT F B
MY BE A G HES T TR E 0 Fl B R R R R T

BH4 /}Efi’«kﬁ NN = g I
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= & Tetrahydrobiopterin % 3pBf v & $+2_ 3+ {4 2

o TR

B T T

# 1- 6 Neopterin ~ biopterin ~ BH, &

BH, 2. i+ F 3%

Neopterin Biopterin BH, BH,
A 253.21 237.22 241.25 239.23
) s Bk b pk Pl REE KE B
* VO
REFEE 2-8C#r kg 200 kg -20C % kR -200C #F kR
i #(2-8C) i# #
%R BAAIN F i 2 sk 07 F B BB TR
@ mg/mL 12 'f;,z A T
(20C ) 54 k- Ba
mg/mL iFd f’ & Ak
(90°C ); * 23 g/lOOmL
o fg s e pis (227C)
[ e~ F <0.1
mg/mL;** 1IN
NaOH -~ 1IN
HCl > 25
mg/mL
ORI A RO " T SR IR TR
MERre v ¢ ¥l E BHRRP S
ol sy 5 OF K By v
g%’ﬁﬁ@
wv B fss
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- ~BH, & 542

e V32 BH4A &3 Rz E A% 5% 10 mg ¥ 50 mg > & -

47 ¢ 7 7 ascorbic acid ~ N-acetyl-L-systeine # H i pRA|H| o
= “BH,itimta b & * ™

R R (iFAH)NARI &1L P 29p 22 %%

T”+

% 0910023533 8L M2 AR G FAA B FAT DL 554
IR IFES N M BH,I0mg A 2 g B RF B2 - 0 ]
e 127 1 pAsR et AR 93 127 23 p 22 # 7| BH, 50 mg
SAETLAFAES 0 f 94 &2 1 PASF s o PP Y
BH, 7 § 0¥ #2238 BOFRINE § & Frg ¥ ki 8
B e R R ARM A R 0 BN E - s SR

B hEEaLsE F’”E"’*wxfftf‘)?i/r%'@‘% B pi® e T o

Fobo A 94 & 100 17 P %3 5 0940068691 B2 4 A
94 & 117 1 p > Afirs® Bl 24K » 25 & 10 7
TREDLEDTR ST HIR BEL RO T R &Y

L% h ﬁf—ﬂje‘ iF 2 %‘rzﬁ o

PR ST AR RER S 6 LD
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X000040100 X000072100
Tetrahydrobioptein (BHy) Tetrahydrobiopterin (BHy)
10 mg 50 mg
& 7|
B (&) 73 300
Azig p ) 092.05.01 iz & 094.02.01 iz 4

o W S PN

23




% ~ & Tetrahydrobiopterin 2- HPLC & 73 j#

- RS

—_ s . , ] v 2 - 46, 4
Fioa kiR, oY T4

1 )‘(\:o

# 1-8 72 ATy ¢ ff itz 3t

1-6 62— &4 00 §

L

T (£) WAL Faoa BRI
Hyland 8t ascorbic acid 1 mg/mL fi% > ** — 20 mg/L EDTA %
(1985)* 70°C % & 24.7 mg/L DTE
Howells and "ax % DTE 2 EDTA % 1 mg/mL "% %% 24.7 mg/L DTE
Hylanc%5 s o 3 —T70°C ¥ kR iRF
(1986)
Howells and 9%  DTE 2 DETAPAC % Img/mL *5#% 14 mg/L EDTA %
Hylancél‘9 Bor kR o =70 Cwrk g 24.7 mg/L DTE
(1987)
Powers et al o 313( DTE % EDTA & 1 mg/mL Jf: > 10 mg/L EDTA %
(1988)* % —70°CH®% (&9 & » DTE 50 mg/L DTE

2 EDTA* —70 CifH2 T 4 §

R A i)
Candito et al P A DTE % EDTA & 1 mg/mL > ** /% 20 mg/L EDTANa;
(1994) REr  AF YR % 150 mg/L DTE

DTE, dithioerythritol; EDTA, ethylenediaminetetra-acetic acid; DETAPAC, diethylenetriaminepenta-

acetic acid
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# 7 Howells ¥ Hyland (1987) * z 7 5 £ 4 &7 F %33 2

FU¥ BH #8372 %2 CSF P BHy R R 2 58

%\' 1-9 fyﬁ'-;":}-'5 ;\jéfBHH%I»-? p/]"‘é; CSF # BH4/%)§L -

H

e i P ®
A BR [E2NE SV E

BH, 82 5% 32.13uM  4C EFLF R R 20 L PER K3 88%:
BH; ¥ i+ & BH, %

biopterin
BHy #% %% 7% 32.13 u M 4C 5.7 mM ascorbic BH4 % # ;34 ;2 32.13 u

BH, ¥ %73 % 41.5nM acid i » g § M:20 ] PFp 245 1

CSF +0.32 M BH, BH, #2283 7% 41.50M : 4

PER OB T
CSF + 032 M BH, : %
75 A ks 9T 30%

BH 4t % 1t
CSF + 0.32 « M BH4 4°C 28.3 mM ascorbic ¥ j&* BHj ¥ it v & j*
acid 2 2.54mM ¢ HF L
DETAPAC
CSF +0.32 « M BH, 4°C 2-mercaptocthano & ;= % ¢ BHy % it > 1]
1 2 EDTA FFis 55 50%:h BHy 44
§
CSF +0.32 « M BHy4 4C 6.48mM DTE 4CTv¥v =271 BHs ¥
—70C £ 2.54 mM ivid 5 pF;
DETAPAC ## —70C T+ # CSF % 2_
~EF Ih - R
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B 1 RS SR
TR EOTRR AR AR T A B B R ke T A7

(- ) i iF % =t 4 Dowex ~ Sephadex 2 ##; ¢ 12" k& it e 48 ; 48,51
(=) 4 » trichloroacetic acid (TCA) ~ ** acetonitile (ACN) # 1",% 4 ¥R o
F

(=) ™ Mr 100,000 cut-off membranes 8 /g fi- = micropartition ,i 4t ; 46

DAL R R R S

MR g BB ALY SRS E pterins A & H g Al o 2 o H TG e

Eigw il pE

(=) 2##r3 R R &2 pteridines 12 i & &4 jodine ~ hydroxy peroxide
manganese dioxide % % i* = 2 F i* it > @ % FR A PIBREP AL T
€ % ¥ £z iR f pteridines ; 34,31, 33-36

(=) B R i pteridines A ¥ 5 4B R T > Flpt v @ % F 1V 8 o p| B &k 6 plB

=H

, L 1. . 47,48,54,57-59
J i e pteridines ;

(Z) PETILEAFLUERE > AL F A g2 S8R ET RKEER
Fo f& pteridines i @ H ip 2 ¥ K BRI BATH R > 2V FRFER FR
it =1 pteridines ; 35,45, 49,50
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— :@ I o
Bhendyme.

Flow+! Reverse-phas Waste«
v S Electrocherical  Elsetrochsmisal Fluorieter+ aste

jIIjECth:III colurmm+! . RO O
it + +
analytical cell CDIldl‘tll:II]JIlg cell

Bl 1-7 B BT By L P B2 7 28

Ex, exitation wavelength; Em, emission wavelength;

(z) erirth Sl rdps 1o Lt 8F A

W .- . 60
R

Colurnn ovens ] . . .
. Reaction-coild Cooling. - moild E—
Purap+ b Auto-ingectors Reversed-phase+ RF-5353+
LC-ab+ IL-6B5+ 1 - - ool Ex 330
e Emi g
AT I
il
;ggha}fi Integrator+
C-RAbKE

Bl -8t md BEfisd L FHF ez LE

(7 ) MEHK P - B pre-column % — % analytical column > % 7% F P 2Lid
7 e A5 B 40 0 & A 474 L i i pre-column v % i analytical column FF
-t & F4F & analytical column P » 3T » 7% 7% 7Fi% pre-column » {5 £ 3R
analytical column p g & (= L GEF M H ) nd o 2 5L I F K

RTCEGRIFER  ERAL G- B QR ARTA TR
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S

c2

r—-—=—=-=-=-7

DETECTOR+

B 1-9 F s LM "

C1, column 1; C2, column 2

(=) % FHAPEPL TS AREAPFP o R & g2

o ERR L EAT R R AR B R o ©
BN TEZ YA R
1996 #2135 - wpmy O A F LRl R~ ok & F LB AR

® &1neopteirn ~ biopterin & BHy > & % 51 # m’]}“’“‘» v it % — 87 /2 ¥ Fukushima

~mbe

&Nixon™ (1980) #74 4 ch#h B 5 ¥ *h > & 1990 & (S A5l * e 2 o

2

Niederwieser’> (1984 ) *!33%33676 , 5 7 42 Werner® (1987) ™7>77 2 % =

>

#>% ; md Hommes % 1991 # I 5% Techniques in diagnostic human
biochemical genetics 2 ¥ 4 — % & & /i % pterins 007 H ¢ 2 & 32ip| R 0 F o

P Fakala o 2T
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T AR

% 1-10 iﬁﬁmmvlolﬁlﬂ;{iai—i”ﬁi

A AR RESR CFERITET LA & 2R

Authors (year) Analytical Column Fluorescence Mobile Phase Flow Rate Sample
Detection (nm) (mL/min)
Ex’ Em’
Fukushima (1980) Whatman Partisil 100DS 350 410 Isocratic solvent system of 5% or 1 standard and
(4.6 mm x 250 mm), 20% methanol in water rat tissue
Tani and Ishihara (1990) 503 um, 4.6 x 250 mm 350 440 50 mM sodium acetate buffer pH 5.5, 0.8 standard
5% methanol and 0.1 mM EDTANa,
Palfrey and Labib (1993)*  Spherisorb Cg 3 pm, 350 440 15 mM potassium phosphate pH 6.5 0.8 Serum
4.6 x 100 mm ( neopterin )
*Ex, excitation; $Em, emission
F 1-5 2P 2 B0 plEER TR
Authors (year) Analytical Column Electrochemical Mobile Phase Flow Rate Sample
detection (mV) (mL/min)
Brautigam and ODS-Hypersil 100-900 (BH4—200, pH 3.3 citrate phosphate buffer (13.3 mM citric acid 2.0 standard
Dreesen (1982)°"  5-um, 4.6x125 mm BH,—850) and 6.6 mM Na,HPO,), 60 uM EDTA, 14 mM
octanesulfonic acid monohydrate
Lunte and Biophase C;g 5-um 300 3 mM octyl sodium sulfate buffered to pH 2.5 with a 1.0 urine

Kissnger (1983)®

(25 cm x 4.6 mm)

0.1 M phosphate buffer




Tani and Ishihara ODS column 750 mV vs. Ag/AgCl 0.6 % triethyamine, 8% acetonitrile, 0.1 mM 0.8 rat brain
(1990)™ 4.6 x 150 mm EDTANa,, 10 mM heptanesulphonate Na pH
(35°C) adjusted with orthophosphoric acid to 2.7
F1-6 LAy P g Wy ke L pEER T2 R
Authors (year) Analytical Electrochemical Fluorescence Mobile Phase Flow Rate Sample
Column Detection (mV) Detection (nm) (mL/min)
Ex Em
Lunte and Biophase ODS I : +800 348 444 3mM octylsodium sulfate in pH 2.5 0.1 M 1.3 CSF
Kissinger 5um (30C) 1I:-700 sodium phosphate buffer contained 5%
(1986)* methanol
Howells and Apex 5 um I:-200 348 444 6.8 g sodium acetate, 1.05 g citric acid, 20 mg 1.3 CSF
Hyland ODS II - =500 EDTA, and 24.7 mg DTE in 800 mL distilled
(1986)* 45x250 mm  Cond™ : +1000 water, adjusted pH to 5.22 with NaOH or
(257C) glacial acetic acid to final volume 1L
Candito et al Ultrasphere I:+500 340-370 430-470 6.8 g/L sodium acetate, 1.05 g/L citric acid, 150 N/A CSF
(1994) ODS 5um, 11:-100 mg/LDTE and 20 mg/L EDTA(Na),, pH 5.2
4.6x250 mm  Aux’ : 1000

* cond, conditioning $ aux, auxiliary
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e Z R o Y RS LR LR GAPK AT -
LR RS HE R AT AR KBRS LR WK AT
g * 2417 P 5 - i< pteridines » FFF R 5T BEE A BF L up

B kAo sApd EAPTHAE ST AR RF o LA G AR A

=

> - 80
48 ¢ pterins ©
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ZF BEER

d§ BHg4k £ #rid % ¢n8 4] PKU AR P fofd & B R o2 =
BFI 0 BHy# 2 B P A4ttt § v i d & o 0§ 0 AR 3
WFFIAMRFE S H g vBE P2 RA PR R R T
BH,4 m,&)ﬁi*ﬁ MizsmponRpdE- BRIDIZNHIPIENT
B ? G BH 02 % 4P B pterins )k & > FIM ARG E R A Y F e
Jrboari e g Rl R AT Rl T RS R R 2] ) AR
e ® BHy 2 % 4p i pterins Jk & > HP 3 i ;Fﬁ B RPSERER P BH, e
R o B F T M B RIS g TR A
o ApR Y BHy ek R O JEb 2 2 - BRI A T AR Y BHy 2 4p
B¢ pterins J& & ch %4 # R °

T FRA AR E A b PR B0 A B ) S R R S R L A F A
E4
el

PR FIH B R TR AT IR e W RR s R B E

\1
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A b

1,4-Dithioerythritol ( DTE )

(6R)-5,6,7,8-Tetrahydrobiopterin
dihydrochloride

6-Biopterin
7,8-Dihydro-L-biopterin

Citric acid monohydrate

D-erythro-Neopterin

Ethylenediaminetetraacetic acid
disodium salt dehydrate
(EDTA Na, )

Ethylenediaminetetraacetic acid
tetrasoium salt tetrahydrate
(EDTA Nay)

Ortho-phosphoric acid 85%

Potassium hydrogen phosphate

Sodium hydroxide

Sodium phosphate

Sigma
Fluka
Merck

Sigma

Sigma

Sigma

Merck
Sigma
Merck

Sigma

St. Louis, MO, U.S.A.

St. Louis, MO, U.S.A.

St. Louis, MO, U.S.A.
Buchs, Switzerland
Darmstadt, Germany

St. Louis, MO, U.S.A.
St. Louis, MO, U.S.A.

St. Louis, MO, U.S.A.

Darmstadt, Germany
St. Louis, MO, U.S.A.
Darmstadt, Germany

St. Louis, MO, U.S.A.

33



RRRE

-~ 2 HPLC p] #_neopterin ~ biopterin £ BH, z_ % i»

pp \'-"ff’“ .:t]gﬁu

B A

System controller

Fluorescence detector

Electrochemical detector

Auto injector
Pump

Degaser

B BT R AP £ 7, % 5
SCL-10Avp Shimadzu,
RF551 Shimadzu,
LC-4C BAS,

SIL-10A Shimadzu,
LC-10AD Shimadzu,
SCL-10Avp Shimadzu,

B oci AR 9 E

Luna 5 p Ci3(2) column, 4.6 mm id x 150'mm, 5

um particle size, Phenomenex

SecurityGuard guard cartridge, 3 mm i.d. x 4 mm,

Cs, Phenomenex

okl R
5k B
A2 B 4 Ay

?‘%T‘{’\Z LL%

IT//E,H?-’ e ?
A kR R 2t

2vRE
NANOpure Barnstead
Ultrasonik NEYTECH

Centrifuge 5804 R
Eppendorf
CH-500 Eppendorf

Ultrafree-MC Millipore

SpectraMax Plus

34

Kyoto, Japan
Kyoto, Japan
Lafayette, LA, U.S.A
Kyoto, Japan
Kyoto, Japan
Kyoto, Japan

Torrance, CA, U.S.A

Torrance, CA, U.S.A

Dubuque, IA, U.S.A.
New York, NY, U.S.A.

Hamburg, Germany

Hamburg, Germany
Billerica, MA, U.S.A.

Molecular devices, CA,
U.S.A.



ok k Rt SpectraMax GeminiXS  Molecular devices, CA,
U.S.A.
fedk & - CyberScan 500 Eutech Singapore

= 2 LC/MS-MS p| #_neopterin ~ biopterin ~ BH, 22 BH, 2 ¥R i»

RECH > ATLERY A b
HPLC % % Alliance 2690 Waters Milford, Massachusetts,
U.S.A
K 14 ? H Inertsil ODS-2 column 4.6 Torrance, CA, U.S.A

mm id x 150 mm, 5 um

particle size, Phenomenex

A 4 Centrifuge 5402 Eppendorf =~ Hamburg, Germany

e Quattro Ultima'™ Micromass Manchester, England

AR FE B ER SPE-Oasis” Waters Milford, Massachusetts,
US.A
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Y x F ok
% — & Tetrahydrobiopterin & ¥_§ i 21 >

A3 @ % HPLC s %z iR B 5 7 1 & 1 p|® (BASLC-4C) -
HAepedap #2ir » 5% (Shimadzu SIL-10A) ~ % B ¥ (Shimadzu
LC-10AD ) ~ & 4= 4] ® ( Shimadzu SCL-10AVP ) 7] 2 Shimadzu
LC-10A k7] ; ¥ 2 i * k47 ¢ tr4c# £ (Eppendorf CH-500) ~ Cjg
%3 ¥ 41 (Phenomenex Security Guard) 2 Cyg & 47 ¢ += (Phenomenex
LUNA 5 pn Cy5 (2) column ) (5 pm particle size ; 4.6 x 150 mm ) o k& 47 &

HABRBERRLEIOCEFT L4521 5E 40uL -

Fo4-1 RAFTE O KT L

R/ A5 Phenomenex/ Luna
2 C18, endcapped
HE 4.6 x 150 mm

LS 220 psi

e 7 e pH 1.5-10.0

- R R R R A Bk R
Ay A Fe WBHRE ~ R PR RR 2 fip fRAE B3 R 00 A 47 BH, o

TiEppE A ATk D7 o T - BEGE S F YA 47 BHy e 53 0%
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2,
4 3
SN WL ©°

4D & R iR 2 0E R

PApLE B BRI RIFRLS B PR B3

it it %R it
AR S K,HPO, H; PO, CsHgO; CH3COONa
BT RR 100 mM 50 mM 50 mM 100 mM
pH & 2.75 2.5
pKa & pKa;=7.20 pKa=2.15 pKa;=3.13 pKa=4.76

pKa,=12.35 pKa,=720 pKa,=4.76

pKas=12.35 pKa;=6.40

- ~Wp R pH B BHFFHE 2 B8

fedll? o pH B2 Hdo4p 1 B pH B F T T2 28 -

AT BH, BT 2B F

i

g VB R BaT kAR TR 100~900 mV FFE {7 A 70 1Y

FE - BhiE & 447 BHy e o

b wlrE gk 1.00.804 2 03 mL k& 470 337 B

& 4 BH, A 45 973 & e 38 o

3]
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¥ = & Neopterin 2 Biopterin #if T & if it 2 & =

A7 6 HPLC % 3vz_ % Bl % 5 Shimadzu RF-551 5 2 &
& 45 p #iL » %% (Shimadzu SIL-10A) ~ % /& ¥ ( Shimadzu
LC-10AD ) ~ & 4= 4] ® ( Shimadzu SCL-10AVP ) 7] 2 Shimadzu
LC-10A k7] ; ¥ 2 i * k47§ tr4c# £ (Eppendorf CH-500) ~ Cyg
%3 ¥ 41 (Phenomenex Security Guard) 2 Cyg & 47 ¢ += (Phenomenex
LUNA 5 pn Cy5 (2) column ) (5 pm particle size ; 4.6 x 150 mm ) o k& 47 &

HABRBERKRETAEIOCTESTA$7 AsE 40uL -
- ~ i & & 17 neopterin ¥ biopterin 2 jra 4 & 223k £ 2 E

BAJIHE Ak R Kok kK K 2 300~500 nm > F 4

neopterin ¥ biopterin 2_ % b & H < ST £ o

RAfIY FRRRT RAPHAL S - HAFH DR L

bl £ JC370~520 nm > F A5 Aok F kB2 LK -

=~ B3 e B pH & ¥ neopterin £ biopterin i# F BF [ o4 o b

ARl kR pH B2 B 0 dod 430 A 457 b i

7% 7% % kvér 3 pH & % neopterin ¥2 biopterin j# § PF R 2 & #tscdk 2
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- ,%%’ ML IE T B £ 4 15 neopterin &2 biopterin ciE i+ o

g R (T 1# fx s & frps &ty e

% ?‘Fr (M- > H; PO, CeH304 CeH30Oy CeHs0O4
B RR 50 mM 50 mM 5mM 5mM
pH 2.5 4 52 5.5

wliE gt 1.8 1.0 2 0.5 mL k& 470 5337 i H

neopterin ¥ biopterin 4 15 #7i% = 2 58 o
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%
- BRI EH R AIL

£ 4=DTE 2 EDTANa, & ) 1mg > & 4~ %% » 1.5mL ¢ k&

PR Y o B 20Tk Y BT 0 SRR BN Rk 2 L

Dt

‘g

=}

R EN o F F ek ImL et R > 2T E 2 REF
3 —80CH4 i%e Fig o A5 BTk > & 10,000 g T #w 10

SRR A Y
- ~ HPLC A 458427 $ei (L 2

LA N2 HEdad 4o r 20 & A1 EDTA Na, 2 150 % 7 ik

DTE » " 2 47827 fo i d 1 9rig & 2 AT -
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5z 8 HPLC £ 473 /2 2 Fa?x

B3 A WAFREF A 80 C ka2 A %> A3 B 4p( 4 47 BH,
v pH 2.5 2_Fafc % 873 7% 5 & 7 neopterin ¥ biopterin B2 pH 5.2 2.

RiFpE R ) R prRERE S 51050 £ 100 ng/mL -

-~k ppeRpF2 R e %A (Intraday and Interday

Precision and Accuracy )

FedlliER £ 5 51050 £ 100 ng/mL 2 283 % > % i@ 4%
oo 5 B 12,000 g T AR 40 A4B1S 0 i~ HPLC ¥ A 45 0 (8 38
2 AT R o R RERR R RS AT 5 A S S
LiEZEREMR (n=3) Z BEALTRYU: BRS > F-#

T (FPPRN)IE IR (BPR) A4722 28 LHRRLERZ
T 3578 (mean )~ &= # X (standard deviation> SD )~ & £ % #ic( coefficient
of variation » CV ) %2 ®rx B (accuracy ) m #Erg & chdiz plde™ 3¢
dzzz RESFEraER o BaA = (viHER /REER)
x 100%

FET LR JE B % 78 1% (limit of quantification » LOQ) 2z
KAt G A 0 7 % L2 CV 5 20%2 R 5 80 ~ 120%h » H 4k 2

/}E}i B K\% CV =8 15%!7"3_? ﬁ 85~115%E’ﬁ%]§]]3\ . 81,82
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¥ E Rz B M (Linearity )

MR ARz JERE S R R R ATE G S B
$h o (T PTAE 2 0 A2 4p M (438 (correlation coefficient » 1°) Ji & 3t

0.99 -

=~ i Pt (LOD) 8oz Ef!m (LOQ)

LOD (limit of detection ) © 20 85/3220 1t =3 prz_ L 20k &

LOQ (limit of quantitation ) ! 3 f&i* & &2 <2 > 1 > 5 LOD
2ZAB YRR SRR GER ]I 209% B R R A 80-120

Yo FIp -
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3
4
»

r 3#* LC/MS-MS * ;= = & Pterins

AForid * 2. LC/MS-MS i Waters Alliance 2690 ,4 7] 2. 4 %u»

AN

AR R B KA FRIE A BB BT
=+ it /& (electrospray ionization > ESI) 2 i 3# & Quattro Ultima - i &
$o2 /4 Hri¢ * Phenomenex i 4p & 47 ¢ 41 Inertsil (150 x % 4.6 mm
id.) #Bé4p C = i» 5 0.1 % formic acid> pH 2.46; D = i» 5 MeOH >
AASRIEFS R R S 0.8 mL/min o 45 B 4p 5] 95%C & 5%D > i1 s+ E

% 10 puL -

S AR R R

% 4- 4 LC/MS-MS A $7 i% 2 2% %_

Electrospray interface paramater X Z_

Capillary voltage 2.5V for positive mode

Source temperature 80°C

Desolvation temperature ~ 380°C

Con gas flow 102 L/hr
Desolvation gas flow 616 L/hr
Cone voltages 30V
Collision energy -17 eV
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=~ R AR

T A )
P~ neopterin ;% *: P~ biopterin ;3 **
INHCI # -3 f21 INHCI ® >3 f#1%
‘oo kA EER 2 kA EER D
800 ng/mL 800 ng/mL
\\ J /\ J
5;5‘;51_‘??;% LulkR G B~ BHy 3 307k ¥ 3 Bk
400 ng/mL & I 400 ng/mL

N

{U_F 5] 'Jﬁ‘}ﬁ"frfé%\:%ﬁ‘_&g is i & V"'Jn}i}

E % 100 ng/mL

v
{%ﬁ%&r‘f;}éa:0.1\0_5\1\5\10\}

50 2 100 ng/mL

Bl 4-1 82052 Aot e gl
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¥ = & HPLC &2 LC/MS-MS & 45 3 & B * 3 XL 3§ %
FRUR R

% 4#=DTE 2 EDTANas &£ ¥ I mg > & 2 %)% » 1.5mL {3 ¢ % &

PR FE P o B 200 kY B 0 AR BG RDR 2 B AL

kA o FF Yt ImL s FRER > 2T E A REFFY R

B3 —80CL Y %5 o

FoREP ML GFE L S A TR IS g R E
B2 22 iRl YRR RS A s B
AEAHEE G ERARZHL X230 FERFLLFELRR

o GeR R PR Bl e o

Jui

RS2 R ;g@gﬁ,a?ﬁ?b%ﬂﬁi

MR N RIERA 0 T E A RO R BRI A
vk T R BB R| ¥ neopterin ¥ biopterin ~ 72 F 1 & 1 jp] Bipl 7 BH,
% 11 LC/MS-MS 4% %@ Z_neopterin ~ biopterin ~ BH; ¥2 BH, & CSF

¢ g

Ik
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HPLC #z iR/ LC/MS-MS # ip| %

WHE ~ 3 R ik Eﬁ;iii ¥ &4 1 SPE % B~
Bapey ACN #4530 s i 3 BkA
A 4 A4
12,000 g &< 40 min 10,000 rpm &t.= 10min
A A 4
s ‘)?“?& A Bt /ﬁ" AT
/// \\ v v
¥k p = TR LC/MS-MS [r B ¥ B neopterin .
# /B| neopterin R BH4 biopterin ~ BH, ¥ BH,

£ biopterin

Bl 4-2 f& 5o 2 A B 2 4TI AR

* SPE, solid phase extraction ; 2 Waters 2. oasis SPE #F]4p % B~ » #
FsEMEE T BEFGRE L RN ERE  RFE
300 uL > 12 5% Fdd 4% > £ 4e > T AR ImL > 2 f8 @ 7 AR o 71
TR 5 B S B 2 7 1% acetic acid 2. 50% " F% 100 pL 3 f£2_ {8 > B~if

B A4 ks
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% — & Tetrahydrobiopterin 22 HPLC | 2_% %

A3 %% ¢ * Shimazu LC10A s 7|2 i ~ s 541 B2 p #
je ¥ A~ 47845 Phenomex LUNA 5 uCig » » 47 8 18 A& #7241 & 30
Co P ER* BASLCAC T - S p| B > 2 1- 0 p| BT 4k (F
= 5 parallel » 3% Z_1d B ‘5?%] dt range 5 20 nA; filter = 0.5 Hz 12 B

iBH4 ’ /l-&"]";% 7% 40 ].,LL °

fel2 P2 S#maiR A P EEREXRITR =5 700 mV -
otid 1 mL/min 2. F & 47k & 5 50 ng/mL 2. BH, #718 | k¢ % 4§

5-1 & drcs b it F 5 BApL S bk 5t o
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Volts

1.0
BH,
0.5 /
BH,
a
BH,
0.0 —,_J% b
\—Aﬁ\_/_“—\,—cM,/p
05 9
d
‘10 T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
Minutes

Fig. 5-1 The electrochemical chromatogram of 50 ng/mL BH, at different

buffer systems.
Under E,,, 700 mV, flow rate 1 mL/min; b line represents the

best separation.

e Ap & AT Rl 0 T 1 700 mV o ki 1 mL/min T & 5E
¥ AR kP 447 R 50 ng/mL 2. BHy b 2o A ot sk &
(£
a, pH 2.5 acetic buffer; b, pH 2.5 phosphoric buffer; c, pH 2.5
citric buffer; d, dihydrogen phosphoric buffer

B 5-13

= ~ Tetrahydrobiopterin Z_ #if & 1% %_

Tetrahydrobiopterin ek 474 "¢ ¥ T o3 v 3 &b < g4

PAE A TR R ATHE T G AR 0 4o 520 e T ARR 0 e
3T & j\ﬂé » ¥

FHL TEFR S AeB 530 BT = 600~900 mV R iR
3] 800 & 900 mV #748 P erge i P Ag I <~ 37 5 > F 2700 mV i

‘mlL

Boif £l T BHy 2§ 0 74 Tani (1990) > #7& * 2750 mV %5 i2 o
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The Voltammogram for BH4
2000000
g 1500000 -
o
<
< 1000000 -
i
500000 -
O 4
0 100 200 300 400 500 600 700 800 900
Eapp (mV)

Fig. 5-2 The voltammogram for BH, from 100 mV to 900 mV.
The larger the potential, the bigger the BH, undercurve area.

Bl 5-2 il 2T 20 BH, & 45 T & A 2 B % 0 100 mV B)F] 900
mV o+ F AR o B ATE T G AR

1.0
900 mv
800 mV
% 0.0
>
I A G 700 mV
-0.5
Y AN 600 mV
-1.0

Minutes

Fig. 5.3 The electrochemical chromatogram of 2.2 pg/mL BH, at E,,, 600
~900 mV.
The larger the potential, the bigger the noise signal.

B 5-3 B upApA4rm > T 05 @RI EXRETT = 600~900 mV ip| E
ER 22ug/mL 2 BHio T ik % > 2 m4% % o
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kxS @8
‘/m_«iiﬁﬁ-gﬁ

d %518 547 @FwpH2S5 2 BEEIARET FindE T o
T SO G PR AR R B ATE T G fE S AT R RN G G

? R ik

% 1.0 mL/min ¥ » BH, & 479 22 {5 6 ch#d § 9§ 4pid 35 -
AT T A B RIRE o AR R M 0.850.4 ¥ 0.3 mL/min pF >
BH, & 7% {ots & % § % oA ok AR k4847 > @ Kk 159 7 cha ff &
B 798 % B ARRAR S S e B ALd SR R 0 T F R BTk
Beng v F REF L Flp @k ek 4% o — S B )
BRI IAPMA S BEH F2 ¥ R % 0.4 mL/min > F] P E 204

mL/min B T_BH, °

Table 5-1 The flow rate versus retention time using pH 2.5 phosphoric
buffer

%517 adfing T BATEF TR

pH 2.5 phosphate buffer

FR (mL/min) 1.0 0.8 0.4 0.3
RT (min) 2.68 3.07 5.96 7.90
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1.0

0.5

Volts

d
-0.5
[
‘10 T I/_/ T T T T
0 5 10 15 20 25 30 35
Minutes

Fig. 5.4 The eletrichemical chromatogrm of 50 ng/mL BH, at different

flow rate.
The slower the flow rate, the better the separation, but the peak

will be widened.

Bl 5- 4 Brakdp kiRl # pind T R b5 @R RR T BH, o
@ AR A HEok kAR o R R TR ¢ RACE K o
a, 0.3 mL/min; b, 0.4 mL/min; ¢, 0.8 mL/min; d, 1.0 mL/min; e,

blank buffer without BH, in it

oty BHy A ATRIGHEY - A BH, (s % & M- B b &

Be— R eF iR RAE R B00L 0 K BeDggiE o MR B ACN &2 4
kLDl e BAEApSN G Ap L A% PR TS GO
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CEGRE -

MG RR R R AR TR B B Ap2 (8 0 gt A B
LI A D RS IRBAR B eniER o iR B R S A TR TR

g B Ap o 1 R UL o do ] 545

1.0
0.5
N 100 ng/mL BH,
. n 50 ng/mL BH,
s 9 10 ng/mL BH,
5 ng/mL BH,
-0.5
Blank
—
'10 T T T T T T
0 5 10 15 20 25 30 35

Minutes

Fig. 5-5 The eletrichemical chromatogrm of BH, at E,;, 700 mV with
buffer as the washing material.
The interfering peaks were disappeared.

Bl 5-5 BRAPKATHR » BB AR R S p B0l k2 R R
BHy » B85l 27 o
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% = & Neopterin &2 Biopterin 2. HPLC /p| % %

Fi) % % s 1§ jp| B p| Z_neopterin ¥2 biopterin > ~ 4§ % & * shimazu
LCI0A k7|2 F i ~ ;ipdl @2 p &L » h s A4 E 43
phenomex LUNA 5uCl18 » 4 47 ¢ 4§ B4 & 30°C - MR F @ *

Shimazu RF-551 % & W jp| € » ;154§ 40y L -

— o EE R E L E 2 F

Neopterin ¥ biopterin # ~ % ¢ B yz i £ 5 344 nm

oD

-0.02

-0.04

T T T T T T T T T T T T T T T T T T T
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

Wavelength (nm)

Well 0 A5
Lambda at Maximum 344.00

Fig. 5-6 The ultraviolet absorption graph of neopterin and biopterin
screened wavelength from 300 nm to 500 nm, maximum 344
nm

Bl 5-6 Neopterin £ biopterin 2_ % *F ke jc » % ¢tk £ d 300 nm
3] 500 nm > & =~ & % 344 nm
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K TFew & 344 nm JP] neopterin £ biopterin 3 i £ 370~

520 nm B T 325 < 2. F ksoz i 448 nm o

20000

15000

z
K 10000
5000
0 q e T T T T T T T T T T T T
370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520
Em Wavelength in nm (Ex: 344nm)

Well o A7
Lambda at Maximum 448.00

Fig. 5-7 The flourescence graph of heopterin and biopterin at exitation
wavelength 344 nm and emission wavelength from 370-520
nm, maximum at 448 nm.

Bl 5-7 Neopterin ¥ biopterin i j#a & & 344 nm < &4 & 370-520
nm 2_ F9ric stz F ks B B 0 B % 448 nm

¥ oobk g g k& 5 350 nm o #riF 20 F ke #2344 nm < o

217

FIP B i iE R L £ 350 nme ekl 448 nm s AR SR A K o
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PN B L

—— 350 rm-1 —=— 350 nm-2 —— 344 nm-1 —m— 344 nm-2

12200
12000
11800
11600
11400
11200
11000
10800
10600
10400
10200
10000

EreRC b1

ok,
EL

440 442 444 446 448 450
BEHLE (nm)

Fig 5-8 Comparison of emissioning fluorescence between exitation
wavelength 344 nm and 350 nm.

Bl 5-8 b fgos & 344 nm 22 350 nm 2 F kst R

=~ ¥ 7% 7% 2. pH E % neopterin &2 biopterin j# § PF B £2 & #ac gk 2.

7 I 3 W% % & SUP] ®oneopterin ¥ biopterin 4[] 5-9 0 # F &

#ip % ks pH @8 A inid dod 52

d B 597 {Farit pH2S5 2 RS BFA R 5 B 4p » #7184 4t
c%k B A 5 pH 5.5 2 citrate £ acetate 3 #3 % 2 & 4p 0 TE K7
A Ao T BIRB N Z T 0 B TR R L X R EAE 0 T
7 iE # citrate ¥ acetate i i 5 7% 2Lk & 47 neopterin £2 biopterin °
Citrate 3 % 3L pH 52 5 #* ensojg & > F)pLaE 2 % 20 p) 2

neopterin ¥ biopterin °
55



0.10

0.084

] a r
0.06+

] b i

0.04+

0.029
L Y

0.00

Volts

T Y T Y T Y T T T T T T T T
0 2 4 6 8 10 12 14
Minutes

Fig. 5-9 The fluorescence chromatogram of 50 ng/mL neopterin and
biopterin at different pH.
A line represents the best separation.

Bl 5-9 Braptp k7B AR EEARY UFREPIBRTER L
% 50 ng/mL 2. ncopterin £ biopterin ° % 7% /% a & 3 T % B
i o
a, citrate buffer pH 5.2; b, citrate buffer pH 4.0; c, phosphate
buffer pH 2.5; d, citrate and acetate buffer pH 5.5

Table 5-2 The pH and flow rate of different buffer system
% 52 247 ARk ALt 2. pH B2 R E

Buffer system pH Flow rate
a 5 mM citrate buffer 52 1.0
b 50 mM citrate buffer 4.0 1.0
v Phosphate buffer 2.5 1.0
d Citrate and acetate buffer 5.5 1.8
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- L & ;9
= N in- Bi Z_ ‘Eﬁ .gs
0.10
8.601 977273
0.087

21.003 634338

FR 0.5 mL/min
0.061

4.433 516946

Volts

0.044 10.873 328268

FR 1.0 mL/min

2.532 134923

0.029 6.182 123354
Mwwﬂgwmwfﬁmmww FR 1.8 mL/min

0.00 T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12,5 15.0 17.5 20.0 22.5 25.0 27.5 30.0

Minutes

Fig. 5-10 The fluorescence chromatogram of 50 ng/mL neopterin and
biopterin at different flow rate.
The slower the flow rate, the bigger the area under the curve,
but the peak will be widened.

B 5-10 B A k478 > 4 Finid DL R P BRI ER 5 50
ng/mL 2. neopterin ¥ biopterin ii# A%< > £ 7% T 5 ff A%

S R ARPRAT
d B S5-10 Faeind AR > BT T 2 G Ak ke EEF R
PERF AR BE o Ui R g B AT E A A ok e 49 0E AT
Ho BT As gARRART w4 FEE 200 0.5 mL/min 3 B

T_neopterin ¥ biopterin #F # 4p i i o
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4%

N

% 5-3 HPLC & 7% £ 3% T_i&

HPLC A 45 5 1 2.

g

HRE

e e
=

Fluorescence ( * 3% 4 47 neopterin
22 biopterin )

Electrochemical ( * **4 47 BH,)

A I 3 Fluorescence
Electrochemical

#5 B 40 = i» Fluorescence
Electrochemical

R A% 3 s

RS

Em : 350 nm
Ex : 448 nm

Eapp * 7700 mV
0.5 mL/min
0.4 mL/min

5 mM citric acid & F 4c > 20 ® 5
EDTANa, ¥7 150 % 5. DTE 17 IN
NaOH /# =& pH & 5 5.2

0.5 mM sodium phosphate I ¥ 4¢
» 20 % 5. EDTANa, & 150 % 5
DTE 1 ¥ phosphoric acid /F T %
pH E % 2.5

30°C
40 pL
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%z & HPLC jp| Z_Neopterin ¥ Biopterin 2_f&?%

PARBREEETE AR RPN AR DR a4 BEAR 5-100
ng/mL p 2 & M= 425803 2 T2 MR AR EF] 0.99 12 F o

4o 5-4~5-6~5-8~5-10-

pFppERpRAITZREGEAFRAY PR RAG
Bl >t 159 0 BAER A3 851159 0 & o] VORI TR AR 2 R B ik

3 209% 0 Brr R R A3 80-1209 © Ar#k 5-3~5-5~5-7-59 -

BT R EER G Sng/mL RN F 2R G 10 ng/mL - F %
SEHA LA T ARALLRPP AR DR ZIHTARZ EREY &
¥ B iqul"’:]p\ » Tl o7 LA R R 5—100ng/mL%I}‘]P\£’ﬁ 2 4F 2

mATRE Z LM

— SRR SRR R R %

# S5-4Neopterin e p p Z R p B mRERmRFERES

Fop R gp
PRRLER pr wmmR EmA MEBEEAR MR A
(ng/ml) o) (CV%)  (CV%) (ng/mL) (CV%)  (CV%)
5 5.03+0.61 2.81 1217 5.60+081 9.15 14.41
10 1051033 226 314 1057078 623 7.39
50 4837+174  3.88 340 50.16+1.87  3.09 3.74
100 100.68+071  1.05 071  10076+128 121 1.27
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#ciEm 2 mean = SD %77 » (n=16)

# 5-5Biopterin fr p P 22 B p MR L B R ERE S

B pp 2 PR
TS Y SR 775 S 37 ) REER  HEAE  EHA
(ng/mL) (ng/mL) (CV%) _ (CV%) (ng/mL) (CV%)  (CV%)
5 5.35+0.34 3.79 6.40 5.41 +£0.50 4.93 9.32
10 10.41 £0.63 7.33 6.09 10.24 + 0.84 9.48 8.25
50 48.77 £1.01 2.34 2.08 4978 £1.25 5.18 2.50
100 100.58 £ 0.47 2.73 0.46 100.19 £0.53 2.69 0.53

#cie ™ mean + SD % 7 > (n=06)

DAY FE R 0 kR Sng/mL~1pg/mL FE RPN 2 f W

B ARN 0 B 42 MG (R*>0.999) «

PRI e e dERPRAER P RFER 5~100 ng/mL 2z

neopterin ¥ biopterin> H & & > 83 & § LAF R % (R*>0.998) -
o~ B

B3 E 162 =x & 47§ 7 - neopterin s7F F PFR G 1A o0 TG
8.18+0.17 (CV % 2.109) > neopterin ;&4 I A4 % 8 2 % 83 » 45it

% BPREREL; @ biopterin (F F R T2 = 2 4pk 0 T35 2057 +
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0.80 (CV 5 3.87% ) &% 19~19.7~21 2 214 /’a\ﬁjﬁ‘%”ﬁ biopterin

DT A RPN AR FTRER
T~ pHEE T E 1m0

TG A TE R R 301 G RN (4eB) 5-11) 0 iR
B2 55 22T, AP %2 BRI S Sng/mL > 200pg; T E &

*T5 10 ng/mL > 400 pg -

0.027] 8.377 2551

0.0261 21.444 1877

0.0257

Volts

16.207 556

0.024-

0.0237

T T T T T T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 275 30.0
Minutes

Fig. 5-11 The fluorescence chromatogram of 5 ng/mL neopterin and
biopterin.
The LOD and LOQ of neopterin and biopterin.

Bl S5-11 B cptp R 7R > v g @R EBRTER 5 ng/mL 2
neopterin ¥ biopterin > 5 neopterin ¥ biopterin 2. F_& £ ¢
RIHBRIT o
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% 7 & LC/MS-MS ip| #_Pterins 2. % %

AR B it * Waters Alliance 2690 & 7] & 5t » & 45 ¢ 4L % Inertsil -
I CE LR VR T R Quattro Ultima o 4 7 1% 2 3K
5 pH246 5 5% 7 B8 (95%-k*® 2 0.1% 7 f&) S #&4p = > >
sif 0.8 mL/min % 4 47 neopterin~biopterin~BH, 22 BH,c MRM( mutiple
reation monitoring ) 2. precursor-ion/ product ion 3% Z_% neopterin : m/z
254—206 ; biopterin : m/z 238—220 ; BH, : m/z 240—196 ; BH, : m/z

242—166 -

- ~ Neopterin ~ Biopterin 22 BH, 2. B &

N+B+BH4 STD 1 12-Aug-2005 16:23:19
0812-015 Sm (Mn, 2x1) MRM of 4 Channels ES+
100 554 2381 = 2203
183 1.01e3
Area
% ]
g T T 7 T T T T T T T T T T T T T T T T T T T T T T T T T T
0812-012 Sm (Mn, 2x1) MRM of 4 Channels ES+
100+ 284_ 2421 > 166.2
35 412
Area
7.02
- 11
21 T T T ¥ T T T T T T T T T T T T T T T T T T T T T T T T T
0812-015 S (Mn, 2x7) MRM of 4 Channels ES+
100 486_ 254 = 2063
139 1.04e3
Area
% ]
g T T T T T T T T T T T T T T T T T T T T T 7 T T T T T T T
0212-018 MREM of 4 Channels ES+
1004 B8.54 TIC
3.04e2
” 4.86 36
7aelB7E0
284 &
NS W B
11 T T ¥ 7 T T 7 T T T T T T T T T T T T T 7 U T ¥ t T T T Tirmi
1.00 2.00 3.00 4.00 5.00 6.00 .00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

Fig. 5-12 LC/MS-MS chromatograms of 1 ng/mL neopterin ~ BHy ~
biopterin. and all three compound from the top to the button.

Bl 5-12 Brapsptre B2 R47W >4 P27 2 kAR 1 ng/mL
2_ neopterin ~ BH, ~ biopterin ¥ = —‘F'T 2 Mg o
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N+B+BH4 STD 0.5 12-Aug-2005 16:07:29

0812-014 Sm (Mn, 2x1) MRM of 4 Channels ES+
1004 8.25_ 2381 = 2203
31 231
Area

-t

36 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0812-014 Srn (Mn, 2x71) MRM of 4 Channels ES+
o 242.1 > 188.2
131
Area
%
54 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0812-D14 Srn (Mn, 2x1) MRM of 4 Channels ES+
100 484 254 > 206.3
43 aar
Area
% 7o 1124
] 5
25 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0E12-014 MRM of 4 Channels ES+
~ 718 TIC
100 729 1.09e3
%
332 350 11.00 14 2y 1468
1 044 094 156177 244 289 C7a 433 ~ g1an 120 128 13.98

T T Time

100 200 300 400 500 500 700 B 00 500 f0o0 T oo 1300 1300 1ann

Fig. 5-13 LC/MS-MS chromatograms of 0.5 ng/mL neopterin ~ BH,4 ~
biopterin and all three compound from the top to the button.

Bl 5-13 Broiptp 7o B2 R47R>-d + 27 S EA& 0.5ng/mL
2. neopterin ~ BH, » biopterin £2 = & 2_ 4fv -

N+B+BH4 STD 0.1 12-Aug-2005 15:51:37
0812-013 MRM of 4 Channels ES+
100+ 10.22 254 = 206.3
a4
3.93
LI
RN 14,84
18 T T T T T T T T
0812-013 MRM of 4 Channels ES+
100+ 10,26 242 1 = 166.2
350
o 14.09
T 369 4.144.36 5425654 a2
14 5 641 686 749 738 88902 g4 e
8 T T T T T T T T
0812-013 MRM of 4 Channels ES+
100 1422, 238.1>2203
736
% ]
e 964
9 WWUMWJWWWW -
0812-013 MRM of 4 Channels ES+
- 550 =
il 1.36e3
1422
% 1022 13.40
W' o 19 2 1468 14 g4
25 T T T T T T T T T T T T T T Time

100 200 300 400 500 5.00 700 500 S0 1000 1100 | 1200 | 1300 1400

Fig. 5-14 LC/MS-MS chromatograms of 0.1 ng/mL neopterin ~ BH, ~
biopterin and all three compound from the top to the button.
Bl 5-14 Broiptp 7o B2 A7 d F 27 S E& 0.1 ng/mL
2 neopterin ~ BH, ~ biopterin £2 = & 2_ 4fr -
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~ BH, z_ip| &

BH2 STD 1 12-Aug-2005 15:35:45

0812-011 Sm (Mn, 2x1) MRM of 4 Channels ES+
T 7.24_ 2401 > 106
521 2.41e3
%
3 T T T T T T T T T T T T T T T T T T T T T T T T T f T T T Tirn,
1.00 2.00 3.00 4.00 5.00 .00 7.00 8.00 5.00 10.00 11.00 12.00 12.00 14.00

Fig. 5-15 LC/MS-MS chromatograms of 1 ng/mL BH,
B 5-15 B raiedp k478 B2 k478 o (BH,JE & 5 1ng/mL)

BH2 STD OS5 12-Aug-2005 15:19:55
0812-010 Sm (Mn, 2x1) MRM of 4 Channels ES+
1004 F29_ 240.1 = 196
299 1.77e3
Area

%
8 T T T 7 T T T T T T T T T T T T T T T T T T T T T T T T T Tirme

1.00 2.00 3.00 4.00 5.00 B.00 7.00 8.00 5.00 10.00 11.00 12.00 13.00 14.00

Fig. 5-16 LC/MS-MS chromatograms of 0.5 ng/mL BH,
Bl 5-16 FrciAp k7P B2 k7% - (BH B & 5 0.5ng/mL)



BH2 STD 0.1 12-Aug-2005 15:04:04
0812-009 Sm (Mn, 2x1) MRM of 4 Channels ES+

7.24_ 2401 = 196
1004 15

675
Area

T T T T T T T T T T T T T T T T T T T T T Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 5.00 10.00 11.00 12.00 13.00 14.00

Fig. 5-17 LC/MS-MS chromatograms of 0.1 ng/mL BH,
Bl 5-17 Braiptp 78 B H2 A 47H - (BH, k& % 0.1 ng/mL)

=~ W&
FAEE AL 3] % PR o 10 LC/MS-MS 1z &
o 18 PR e & 5-11 ¢

Table 5-6 Limit of quantification of neopterin ~ biopterin ~ BH, and BH,
# 5-6 Neopterin ~ biopterin ~ BH, ¥2 BH, 2. 1 ip]4&*2

i #]1& 'L (ng/mL) i #1&*2 (pg)

Neopterin 0.5 5

Biopterin 1 10
BH, 1 10
BH, 0.1 1
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A8 Rl AT RUR P Pterins 2 B %

p 2004 & 11 7 10 p 3] 2005 & 12 ® 27 p 2k » 2z f 7 7 &

Flr] 2/ 54 R

- RAARATH

FTAERL

A Hre 54
Ede (&) 4.67 + 489 (2 %x-17 f&)
e 23/31

P ¥ ET (A #0) Developmental delay (54 ) , seizure (23) , Rett
syndrome (3 ) , motility disorder (10) ,
Guillian-Barre syndrome ( 1) , juvenile rheumatoid
arthritis (1) , myasthenia gravis (1) ,
hyperlacticemia (1) ,
e ER (AT

Methotrexate =f
Folic acid + (3 cases)
Folinic acid + (4 cases)

*, —F”ﬁ T%’*fl}bg%'/ _ﬁ‘,'g?fl}bij%'<&§£>

- kR EL

FTBERLE ER

Piracetam antiepileptic drug  vitamine Bg, By, pyridostigmine

cisapride folic acid antibiotics IV immunoglobulin
haloperidol leucovorin ( folinic biperiden Coenzyme Q10

acid ) (ubidecarenone )
steroid
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Folic acid 7 & %2 % ;e F 5 3R> 4P 020 4o methotrexate
2 trimethoprim > ¥$>* DHPR § #r#] e % > 3 BH,# Zp &4 2 2 7

% hE Jiy o ¥ 8 8548 pterins ¥ folic acid # #0 ® % # trimethoprim £_

¥ * it % > @ mehtotrexate B E_F F

i

co-trimazole = i»2_ — >

i % % leukemia 5 4 £+ o B it F 4N 4o B 5-25~F] 5-28 ¢

o _OH

o ﬁ’

I\ OH
i | “ﬁ) T
,JL M 2
HIN Ry f"’""'-n.ﬂ

| | 1

HoN™ N7 N

B 5- 18 Folic acid

H H
Hal N N
\(]‘I :[\/H
[+ [+
I o
ool
g

Bl 5-19 Folinic acid

=T

OH

] oH

o
' OH
N 0
NF = N
'_'3
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B 5-20 Methotrexate

MH;
0
e = T
HaC /l\
g Sy NH,
0
HaC”
B 5- 21 Trimethoprim
= Pt w T BB E A BRI LS S

i¢ * LC/MS-MS 2] & & % CSF & # 2 neopterin-~biopterin~BH,

22 BH, 2 £ > 7D eng & ¥ m 2 A FED e pterins 0k $79E 0 B
5 24 )

PPES N BB EDEATRIE > T R A RS AT

R A7 B2 B o B 15 e b o

LC/MS-MS

Table 5-7Retention time of neopterin ~ biopterin ~ BH4 and BH,

# 5-7 Neopterin ~ biopterin ~ BH; ¥2 BH, 2_/# ¥ = &

BH,4 neopterin biopterin

BH,

R 2.73 4.68 8.17

6.94
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sample 2 22-Aug-2005 11:40:11

2005-08-22-002 Srn (Mn, 21} MRM of 4 Channels ES+
1004 13.50_ 254 = 2083
0 18.97 585

P Area

%

39

7 T T T T T T T T T T T T T T T T T T
2005-08-22-002 S (Mn, 2x1) MRM of 4 Channels ES+
P 13.08_ 2421 > 1B6.2
2.012.30 e SZZ
1 8 532 12.84
e x 13
477 T T T T T T T T T ¥ T T T T T T T T T
2005-08-22-002 Sm (Mn, 2x1) MRM of 4 Channels ES+
_ 1716 _ 2401 > 196
100 572 545
14.09 Area
13
o e
38 T T T T T T T T T T T T T T T T T T T
2005-08-22-002 Sm (Mn, 2x1) MREM of 4 Channels ES+
1004 268_ 238.1 = 220 3
211 1.74e3
786 Area
%] 358 45

_7.82
X H/\/\M *
12

T
2005-08-22-002

T T
MRM of 4 Channels ES+

288 TIC
100

a7 4 86e3

% | T e 13.50

jf 4. S'JE MV‘MLMA N Dm M& 1EJ|97
A
7 T T T f T T T T T T T T T T T T T T T Tirme
2.00 4.00 5.00 8.00 10.00 12.00 14.00 16.00 18.00

Fig. 5-31 LC/MS-MS chromatograms of CSF sample from a 13-year-old
boy having developmental delay.

Bl 5-22 Bruigip kT e BEHEZ AT Mot MR ok p Y B
B2 13/kT 3o

sample 33 23-Aug-2005 18:25:57
2005-08-23-013 Sm (Mn, 2x1) MRM of 4 Channels ES+
o0y 03 2a0 1367:1_ 254 > 306 3
7148 257 481 636 715 8.94 15.16 18.41 337

[ 22 a 5 b 5 4 15444 5 Area

%

72 T T T
2005-08-23-013 Sm (Mn, 2x1)
1004 302_

T T
MRM of 4 Channels ES+
1300 421> 1662
550 6.44 5

E &5 Area

18.50
e 5

B1 T T T T T T T T T T T T
2005-08-23-013 Sm (Mn, 2x1) MRM of 4 Channels ES+
281 3.40 9.08 14.60 2401 > 198
100 10.54_ 10.87 15.77
182‘1 225 6 3 8 07 18 1188 121955 El —155‘15 18.52 327
4 3 Area

%

73 T T T T T T T T T T T T
2005-08-23-013 Sm (Mn, 2x1) MRM of 4 Channels ES+
1004 18.38 _ 2381 =2203
252 S 8.06 1062 15 420
9 10 i} Area

0.41 16.44
4 12

%

58 T T T T T T T T T T
2005-08-23-013 MRM of 4 Channels ES+
- e 18.38 19.93 TIC
iy 1350 15663
it 262 e . 1062 127
310 430462 |58059064 16.46
m %] 070 145 205 > < 50 576 75 | aae %08 1g M2 1193 1285 | 1492508157 ) B8 L | 1882
60 T T T T T T T T T T T T T Tirme
200 400 £ 00 8.00 10.00 12.00 14.00 16.00 18.00

Fig. 5-32 LC/MS-MS chromatograms of CSF sample from a 9 month old
female infant having developmental delay and seizure disorder.

Bl 5-23 BocipAp BiT P B HL BATR BT MR R R oA T B
FLFORMEZ OB AR
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AN 2 = 21 2)
% 7 X S
- & HPLC 2473 22 3 =

L * 2P| % pterins #7025 ¢ Crithidia fasciculata 75 p|
7~ "% ¢ * Guthrie cards ~ ¥ ¢ * radioimmunoassay ( & 5 ¥ & %
¢ ;£ » RIA)~>"*"® radioenzymatic assay - *’ capillary electrophoresis ~
* paper chromatography ~ *° gas chromatography-mass spetrometry ~ '
thin layer chromatography’> ™ % 4| * high-performance liquid
chromatography ( # »ciZ 4p & 45> 2 )o@ BoxRAp k72 ¥ » 277 %
A B 2 Ak rE A 3 227 A f1* jon-pair (B 2
#e) #4177 reverse-phase ion-pair (i ApHrF 4) K 5 F 40 O

52,58 ,ﬁ {L‘LP;E EIJ{AflJ? I‘CVCI‘SGphaSC(i‘ﬁ#B ) ﬁj*’?’%ﬁ‘]‘i°35’45’49’50’54’94

\

ARG S AR AT 2 ERHIY G A A
FE T F kg i R R kA7 Py BARG pterins 7 1

£ 4 ¢ ineopterin ~ biopterin ~ BH, 17 3 BH, -
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— ~ ¥ % 1§ B neopterin ¥ biopterin z_ ¥ i+

vpH 5.2 2 RAFRL S Brd ik 5 BB AR hed L E Bk £ &

2350 % 450nm 2 T nEEF A4 05 F 2 24 e

-~ wit®E P BHy2Z iE i

" pH2.5 2 B S 05 R A A F A0 K TR 700 mV 2. T

F 524504 F DA o

= ~ LC/MS-MS 7 ] neopterin ~ biopterin ~ BH, ¥ BH, z_ if i#

2 pH 2.5 22 596 MeOH + 95% (2 mL formic acid + 1000 mL
k) e ik A B 4p o MRM 3% T_5 biopterin m/z 238> 220 ; neopterin
m/z 254206 ; BH, m/z 240196 ; BH, m/z 242>166 » 1w & & 45

0.8 2 & 47 -
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o8 ARV R

AFSHE S BT AL 2

»éj}%“ HPLC = 2 2t

‘—L‘ PR

(= ) Neopterin £ biopterin o ** & £ 9 B 45 3 L | 5> F gt it 43

F % v‘;gleﬁ:':a%ﬁfuﬁﬁ EI I

LB L 2 R 2 AR 2 AR e G -k

E XL NS R

AAEE A G AR A o At E Y B F ARG Y 2

VR R R skE 2 2 F RG] A G E S G 2 R ek 61

F06-1 KB ERE kRN AR 5 v e bR
R

Fukushima& Nixon =~ Niederwieser ~ Werner ( 1987) %
(1980) % (1984) *
RS Rt AR R N R RRES a it &
i3 v
AR neopterin £ neopterin > neopterin ¥ neopterin
biopterin biopterin ~ BH4 &2 biopterin
BH,
¥BH %% & 1 mg/mLDTE —20C %% N.A. —20C %%
2 EDTA » —
80°C ¥ & 1%
TRIL Rt bR E & REZsuPTERE RBRERRETY AGFEPEER2Z
045 pm g%z BE&EZ R M@ MnO, ¥ “ %8 S F Gk
MR g g o3t F M RME R 3020008 £ RE
12,000 g T4t R mSESRE 4o 5 A BE
40 & a2~ K L B ] iR H
it~ A4 DOWEX 33 % 3
Ky g ALt £ 81
A4
RN AP R 47 40 R A7 AR A AT 0 E A AP K 47
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&3

R E ¥k ¥k F ok ¥k
# B 4p pH 5.2 citric 5% ¢ pRia ok ¢ fg--k (3:97) pH 6.0 potassium
buffer 5 % ppe-¢ 8 phosphate buffer
-«ﬁﬁ«‘r?z (49:49:2)

IE 2R T Ex: 350 nm Ex: 350 nm Ex: 350 nm Ex: 353 nm

Em: 450 nm Em: 410 nm Em: 450 nm Em: 438 nm

i 0.5 mL/min 1.0 mL/min 1.2 mL/min 0.8 mL/min

R R 200 pg 60 pg 50 pg

Ex, excitation wavelength; Em, emission wavelength; N.A. not available
(= ) Tetrahydrobiopterin £ neopterin % biopterin |+ 5 # ¢ > BH,
AL E L XFPF niEr > § X H e ihE ki 4e q-BH, ~ BH,
¥7 biopterin > Flpt & AT VB MR R K R v [F;Je_F X
Ff Aot ERREBRE BH AT o RSB EF

T AR R B oTiE 2 2 RS Rt e Aok 6-2 o

%&2%?%u?ﬂ§@ﬂ%}ﬁiﬁéﬁiwﬁ

A~ B Lunte and Kissinger Niederwieser Tani and Ishihara
(1983) ** (1984) > (1990) **
WAL SR T AR 2 R Foit R B
tige
& 45 B 1 BH4 BH4 BH4 BH4
ik o % 1 mg/mL No 0.1 g/LDTE
DTE &
EDTA > —
80°C ¥ k i3
W ERSE i 045 pm No:» & #4145 * BRIk 4 # 1-2mL of 0.5
T8 %> 12,000 g 100 mg/L MPCA 77 £35
T A 40 & ascorbicacid &= 3 ,** 1,700 g
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GaP~ b RRiL 40,000 g T A #1544 s B
) s 20 2 g Rl R AT
PRTER B F A WA AT wARK T F L SARE H AT
&
FHE LR Ty Ty Ty
# 8 4p pH2.5 pH 2.5 octyl sodium pH 3.3 pH 2.7
NaHPO4 buffer Na,HPOs- citric  orthophosphoric
buffer acid- heptanesulphonat
Na,EDTA- e contains 0.69%
octanesulphonic triethyamine, 8%
acid- 10% acetonitile and
methanol EDTA
WE 22k T 700 mV, range 300 mV 250 mV, range 750 mV, range 5
20 nA 0.2 nA nA
Iy 3 0.4 mL/min 1.0 mL/min 1.2 mL/min 0.8 mL/min
8P4 80 pg 0.75 picomol N.A. 20 pg

S AR S22 2 LOMS-MS &k e e o 49 i 2 0 i)

ARHRITRY 2 E L RETHERTESTREAD Y T

Y FAREITHRTHESA T ETR

=~ AFBPriE > 22 HPLC &2 LC/MS-MS A& F7 3 j£ 2_ v i

R B iriE = 2 HPLC 22 LC/MS-MS 4 15 = % B % 7% [ &3t 5

Fd2 A BE A ARl 0 2 B - b end ] o HPLC 2 % A2 S % 4

TR R RRT
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N SR T S T RS B L &

PO Ae T £ 6-3 o

% 6-3 A9 x> 2. HPCL #2 LC/MS-MS 4 45 = j& 2.1t i

HPLC LC/MS-MS
TEIL R APT R L 045 HrITEK Y AApEE

um a2 peR e gt Fo e ® g F o ukz
12,000 g © gtow 40 A 485§ o RIS 0 @BEPR MR

K it +10,000 rpm k%53 1/3
T g 10 A W #
s R i
Bédp pHS2 28 pH25 28 pH2.52 5%7 @i+ 95%-k
WRLE Br L Or (5% 0.2%° @)
m 0.5 0.4 0.8

mL/min

W Pl#&*T  neopterin 22~ BHy % 80 pg  neopterin 5 pg ~ biopterin 10
biopterin % pg ~ BH; 10 pg ~ BH, 1 pg

% 200 pg

% -+ neopterin ¥ BH,; » ¥ = @& * LC/MS-MS g2+t LC-MS
biopterin A& F A F o K#FF E- Mo LG
B BB F % i & R dhiptering s B - (R A
Lpg R gdR 3L
Ak

R T
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¥= & HpHerz 3

PIUBLRERUMY < T 3 R R RMEN . PIAF R ATE S S E 2L W
PR B Sk 1 Jp] neopterin £2 biopterin ¥ % 200 pg; T 4 F i
#) BHy B 5 80 pg; ™ LC/MS-MS 4 iB] neopterin ~ biopterin ~ BHy £

BH, P| 4 %] 5 Spg~10pg -~ 10pg & 1pg -

Tani (1993) ¥ & A #4577 » @& % AP SR p k472
% 0 fo¥e %83 18 column {8 i 2 sodium nitrite k F Y R8P Y ko

R T i 10-20 pg ;

Howells (1986) » S x @4 aquig @ » g *» map k47> 2 » &
¥ 181 4F column {54k B #cB A b TR BH, A2 §F B RF 1

TOEZ F kR Bedh o FRHETT E 11.9-16.9 pg -

Lunte (1983) > S A g4 @ » @ % H4nk +9% > AL
AR Y 2 EAe R R R ARIE R R

£ 0.14-0.75 pmole -

PR ERFF - H- SRR S5 B 2 P77 g &

LC/MS-MS 4>+ pterins 2. 57 R 3 ¥ £ & T F P45 % - Mo
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IR e R TR E BT SR REE (R R B -

oo AP NF Y B2 - B R RAFRT RILH Fen 2
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%
S

AR AR LR TEPERTE- &% E TR | Fo s ENRC TR 8 = sl IO E RN Sl

G
9

a

MR R & A E PR R

5

MmoOplE A IR RS o

~ FL A8

BT FERIBH G 0 B REAI T L R RET R

T RaRT E- B

=~ AR

A1 Sk T p] B 18R] neopterin £2 biopterin 2. 18 B4R A 43 K

& 200 pg; o B H R BT 10 pg ARt o P RTE B RIEILS Lo

T FTERE-R

A etz 2 7% ¢ Ioneopterin £2 biopterin 2 iF F B R € 7
t2¥e1 8 (neopterin 8 ~ 8.3 4 45 ; biopterin 19 ~ 19.7 ~ 21 ~ 21.4 &

B)FARFIZGAITHEINERZ A5 BAET T B2 TP E R
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A7t B PF 0 48 4 ~ 2 F neopterin ¥? biopterin — 42p] £ -
T ke EER

e ped R R R R R & L N

&
3=
17,
_“

BR0 % P pterins 4 2 kR 0 40k 1-1; @ A 4 pterins #4777 &

\.

WAL KL A BH LB MR kR PR A AR S

Ard

TBEIZEE Y MR Y pterins 4 F 2

R R e B TR R ST R R ] P R
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AP RFEEZ - HBE S e MIZ > N AT EARG {2
BORAPR AT E 0 B FlRR M AR SO o AW RHERIL & R
E DN AZARE AT PR Bt MR B o L ALET T TR

2_ iodine ~ hydrogen peroxide ~ sodium nitrite ~ 3% &7 B 11 5 it & 4
* ® R i pteridines > & H o G B g ¥ KM Ma o F R RE

BR s LE 2

N
E'\"Ei)ﬂ
I

ok

N
flﬂ
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