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[ Abstract ]

neuropsychiatric diseases. Determination of histamine in biological samples is thus of importance in the

Neuronal histamine is crucially involved in a number of physiological functions as well as in

clinical studies. The aim of this review is to summarize the progress or effort made in this field, with focus
on the high-performance liquid chromatography.
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IR VFZ LN RN HPLC U %E , i,
FIRI ¥ oA ST LA E T T 3 5 50 7 T B IR T
MM RETT 5 o AFE R A I T2t A — 25
I, X AT RER B SO R A T AR ATE, B
T8 A e I IR0 R N 2L M D S 7 ik B S
Ao

1 ZARRNE T % B

D7 A A ot ) A IR L PRV i 2 2 2
e & & B 7 vk B AR B Mgk
(radioenzymatic assay, REA ) | Ji{ 5 14 0 955 1
RIA ). W e % &
( enzymeimmunoassay , EIA ) . S A 8 7% 3% ( gas
chromatography, GC ) | & 40 & 3 1k ¥ ( capillary
electrophoresis, CE ) . & 40 45 W ¥k @ % &
(capillary electrochromatography , CEC ) #1 HPLC
P Hrh REA (RIA L EIA JE 45—
PUAAR S 1 B, B A S A 57 20 Jhe ) B e
R 2 seREBUIR . o 4RI /N oy i
Jit, RS SR B o I v, PRDHORE2H
e s g S 8 DO T A 7 v A S ) 2 B
P LA IR ME o W7 3k 26 77 0k o 2 Jie 25 S A7 A
FRAE L TR B A8 R S Ge
10 5 2 e I 25y 1 52 it o B R B 1Y
T RS AR BRI DL GC Ik i
A B Bt , X A N B L F B 2R R A A
FIZE "™, CEC 454 T HPLC fy i it P b
A CE 2 1Y e et  AE 2 A6 I 2R B AR %
I TE) AN G AR B0, B A IO 2007 ¥ 93 A AR D R i
w2 e e AR

( radioimmunoassay ,

2 HPLC FNEEMERPARSE

HPLC R FH = R 1 09 v A4 A i sl A, L
AINRLAE SEURL Ay 1 7 A [R] B 7 A 5 A e R A
JEE AR s, DA TTT S B X R A 22 00 Hr . 1%
T3 R e R AR R I R A s B R AP A

LS R R A . 1985 4F, Yamatodani 2§
N S T E /N BRI 4 4 R i 3 v
SN HPLC J7ik . &5 ik FEATE B 152
Hekk AP2E I (o-phthalaldehyde , OPA ) 4 J5
A ek 45 R 4, S ARK I R 0.5
pmol/ml, H N A H [B] 22 ¥ /NF 3% , [A A}, %

Tk s 1A REA J7 B0 g 45 R 10 R 4 AH G
PE(AHKEZ$00.951) . BEJS , A A58 4 X0 i
il HPLC T3k MAS [R) 775 T LA Bl gk, 436 s )
i A3 B AR R B AR A DU S AR e ]
St PR TR R A I 2, A AR (OF I
x1),
2.1 kKp#F  HPLC A% = K OC B 14 2 i Vi
R AEFEAE RN o A b DA€ T AT I
(94 S5 20 53 e Ak A AT R i 15 5, B DVE &
RY W REEAAE %R . HPLC £l g AR 2
PR, ) 4N 58 Sh—n] UL 564G I #% ( ultraviolet-
visible detector, UV ) . %¢ Y6 M 2% ( fluorescence
detection , FLD) | H4b 272 %5 M #% ( electrochemical
ECD ). b % & ot & W &%
( chemiluminescence detection, CLD ) | fii §i% {X
(mass spectrometry , MS ) 25" 530 S 44 ) 28 4H
HZ A FEANTE AN R] A s o i 5 42 Y
AR R AL AN R 2R, 7E 7 HPLC Jr vk i
SRR A& MR 25

BRI Sy 20 Je 28 A — T D3 Rl A ke = 5 21
FRIR e, PR HPLC-UV 2 00 5 26 i i) 1) 2
TRRERAR ™ . HPLC-CLD [ B i T 2 A
F4) Jeg IR T XEE LA 17 FH 3000 5 A 0 it v Y 2H
e g Jensen 4 A 8 ] HPLC-ECD £
R B IS P S A 4 v 8 2L g, 235 2R Wl s i
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Table 1 The conditions of HPLC methods for the determination of histamine levels in biological samples

SrEsk Rl B fii e TR Sl FE b Far il pi EZ DU
AR (C g silica gel) FLD ( # 7 PSE/K,CO,/ 75% Z,}i%/7K ,0.05 ml/min RURAZ 0.3 fmol/20 Wl [2]
ZME)100°C 90 min (0.015 pmol/ml )
HILIC Core — Shell HPLC ESI-MS/MS WA AL 0. 2% H /20 EUNE TR - - [5]
column( UPLC) mmol/L W % # i 3 # B:
100% Z.}§ ,0.45 ml/min
BB F 2 e Ak (TSK gel FLD (4% J5 OPA) 45°C, 0.25 mol/L KH,PO,, 0.6 ml/ A%k - - (6]
SP-2SW) pHI2.5 min
JL AV BIRE(SC-50DS)  FLD(HEJG OPA)42°C,2.5 0.16 mol/L KH,PO,/5% s/ A% 10 pg/ml (7]
mol/L NaOH /2 mol/L 0.8 mmol/L S0S,0.3 ml/min (0.09 pmol/ml )
H,PO,
PHE F 52 4k (TSK gel FLD (45 OPA) 45°C, 0.125 mol/L KH,PO,, 0.6 m/  AJW#& 10 pg/ml [8]
SP-2SW) pH12, 2 mol/L NaOH/ in (0.09 pmol/ml )
10% H,S0,
PHE T2 # 4 (TSK gel FLD (#J§ OPA) 45C, 0.25 mol/L KH,PO,,0.3 ml/ BUKAWH - - [9]
SP-2SW) pHI2.5 min
B AR W4 8 M FLD(ALJS OPA)50°C 2.5 0.16 mol/L KH,PO,/0. 1 mmol/L  FUKZIZ 0.5 pg/100 I [12]
(50DS-H) mol/L. NaOH / 4 mol/L  $0S,0.6 ml/min (0.045 pmol/ml )
H,PO,
FZ 4172 (Mightysil RP- FLD ( #£ J§ OPA) 25°C, 0.05 mol/L % th 22 v/ 1K 5 fmol/20 pl [13]
18) THF 0.01 mol/L SOS/Z.},1.0 ml/ (0.25 pmol/ml )
min
JZ I} Wakosil I 5C,4 -100 FLD (K i PSE/K,CO, ) ZJit/7K/TEA,0.2 ml/min MW 0.5 fmol/30 pl [14]
100°C ,90 min (0.017 pmol/ml)
I F 28 e 4k (TSK gel FLD (41 J5 OPA) 45°C, 0.25 mol/L KH,PO,, 0.6 ml/ AIi2¢A 0.05 pmol/100 wl  [17]
SP-28W) pHI2.5 min BUKZHZL (0.5 pmol/ml)
21 Bioanalytical Systems ECD(EET OPA/ME)O0.4 0. 1 mol/L B # &1 2 vh i/ BUEMEE  <0.1 pmol/50 pl  [18]
Phase- I ODS column mol/L. H;PO; / 1 mol/L 0.4% TEA/16% H[#/14% £ K4 (2 pmol/ml)
NaOH/THF /1. 0 mmol/L Na, EDTA,
0.6 ml/min
4] Cosmosil 5C,; PAQ  ESI-MS/MS FI /0. 005% TFA,0.2 ml/  AFEEEME 0.3 ng/ml [19]
min il (2.7 pmol/ml)
ACQUITY UPLC BEH C,, ESI-TOF-MS ( K: i DBD- % 20 4 A: 20 mmol/L REX <1 pmol/25 wl  [20,22]
F)60%C ,45 min,0. 1 mol/ HCOONH, Fish#H B: 2 i§,0. 4 (40 pmol/ml)
L Wigb/ 2K ml/min
Acquity UPLC BEH C,, ESI-MS/MS(K:RT 4-BBS) Wi gl #1 A: Z WE/K/H B AWEW  0.0125 pmol/ml  [21]
45°C,10 min, 0. 1 mol/L (0.1% ) a4l B: Z i/ &
TEA/ Z i (0.1%),0.6 ml/min
Acquity UPLC BEH C,q ESI-MS/MS ( #: /i 4-BBS)  ZJE//K/ W8 (0.1% ) B 0.01 pmol/ml [23]
25°C,60 min, ZJi
I CAPCELL PAK MG FLD ()5 OPA/2-ME)5 /0,16 mol/L KH,P0,/200 FK#4Z! 8 pg/50 ul [24]
Cig mol/L NaOH mg/L SOS, 0.4 ml/min (1.44 pmol/ml)
P F Ak (TSK gel FLD (#: 5 OPA) 45C, 0.25 mol/L KH,PO,, 0.6 m/ AJK#i4! 7 pmol/g [25]
SP-2SW) pHI2.5 min
C,5 Ultrasphere column FLD (¥ §j OPA/FF ) 1 50 mmol/L EEFREh & o/ AIMIK 18 pmol/ml [27]

mol/L NaOH (4 min )/3
mol/L HCI(20 min)

/7, 5/8 mmol/L 1-%% it ik
f24h,1 ml/min
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HPLC ARG v o3 185 L 20 g s A e i A=
YA R LIRS A
TEAERY ORI ORI/ pH YL FE 2 B AN
A RE MR A2 AR A G AR ROCHK
EAb R 73 B R T3 Y AR S A AL B
5140 [ AH 28 B ( Solid-phase extraction, SPE ) X}
A o B AR OCHE

Miyamoto 2 A\ "** Ji] SPE ¥ % Fl Jifj £H 41 3k
T ARAb B AT R P — o B 8 7 22 #f (3 A
B LR AL G 2 B i e e, (A
&, 1% 07 ¥R X T A i Rl AT Ty (82,8 &
3.4)% FpAE 4 Bt A BT, Koyama 25 A1
SR D TR RE 2 7 X N Rl 4 L 3R iR 7 7 A
AbPE, PRAEI )R, BT A 2D A LA R
FE  H IR, %07 R T 2 e 1 [T i
HIKF(89.5 ~102. 8) % , & 5 Ak P75 A 5 I
BE TR DA SR B 2 e ) o

Yamatodani % A" 443 T ¢ HPLC-FLC
FRGER IS OPA 137 A= PR 5 5 22 46 751 ok A6 U
AR A9 TN i R e B 2 2 b 2 e
o AT R R B B A B AR AL S AT AR
SRAF R A% R S BB A A Ak R AT A
Y . kS REA L Z WA & RAFRYAH G
PET BT P 08 A A
PN AN N AR 3 R L
M5E o Toh 25 ALV 0 2% 7 9k 1k — 5 i L ke
Pk, SR FH S 1 X —HPLC AU B B ¥~ 58 4 —
HPLC , A5 20 e i REGE S 1 2 ~3 /%, 0F
[7i] 1oy BB A 00 5 A ity P A0 35 (RO - FFY BRI 1Y
i 5 (B A8 i 0] — €5 15 0 U G o 2
JEA(R) - BEL 0 55) o

£ HPLC B 52 b S i &R ¢, >4 R I
R B IR BRI AR AR R . O T
Pz il f, Kuruma 25 A0SR F— i Rz 1 40 4%
HE(2. 0 mm) AU BS 722 # AL, (A5 115 v 20 fie
R R B S R K AT 4 i 2003 4, Yoshitake
A N SR — P AR AR B ARAE (1.0 mm)
X Bl A5 B AR P 2 P A A 0 A A 5 A
g

U AE Ok, B R0 A B 3% AL (ultra
performance liquid chromatography, UPLC) #% &

YL T A AR S e 2 e g s
UPLC f§8) T HPLC J5i 3, i i ff JH /)N KL AR JH
A B T il YR R v G T % T 4 T 42 v
IR .
2.3 Tk Al T E A A E IR,
RII-NH, FI-NH - 2 1 11 J i 285 04 JHe 2 55 ¢
Py J5, DRIk SR FH 2 S A 00 45 A6 000 2 P Il 5 2 %)
AT 9 AT HE o AR 40 1 FIAT A= 1 R] It
¥ AT AT AL AR SR AR, A A
FEJE AT A 2 28 o S ik B 34k, (H R 25
BT 7 iy U R A i T Y R A AT
FERAT A T AR 2 BT i 20 e s AT A 7 )
PEATHEER A > | DR A A RR A . P
AT A A OPA PHBES  F L (4-(1-EE)
TPR-N-32 KL BT 3 Wt % BE (4-( 1-pyrene )
butyric acid N-hydroxysuccinimide ester, PSE )
S PHBESEUITIE SR AT AL 7 R R (B
Az B35, BRI AR X Fh AT A F
PNABFTFE 15 min DL E, 98GR T AT AR
I Hs Z Lo A2 SR AT AR 7 A
FaE . OPA 540 i (R 37 A8 S W AE 2-4 ik £ B
(2-mercaptoethanol , ME ) fE7E R R WA R B, =
R F 30 s EPATSERL S, R R ARG
FEATA G

OPA R — 2 28 FEHE A (-NH, ) HAT e £ 4,
EREXT 2 e B A 4 S, FH OPA R A543 AR it
7y 5 B N TR B 2R ) S5 A T, AL K
FITFRORE it A 38 5 R L A S B I AR,
M5 OPA HATA= My A E MR T OPA 1Y
Y E pH EL SIS RE AR i 4 7
WeFEHY) OPA 1] LS8 HPLC 52 (038 JE 4 R
R R AR DH T B OPA ¥k i 9
H7E — 5 O Bl N TR SRR AR T S
OPA fi7H: e B /Y E AT, (B 2 A7 A= 7= W) A0 AR F2
SE SN S I8 K iR AR B R
BRI AT AR IR RN . RS B, 41
JiAE 25°C e A5 T AT AE AL 4 min 5 HIRRZ
IR EAT A= A B 22 (A AR W, MG 4 min 5
R FE RS /0, 37 °C s U235 £F 0 R T B AN
IR AR, P, 2R BT R AR A
$E25C A T ATAE R 4 min 5 FHRRZ 1B
w5l FAR T
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PSE JE 5], Fl & 0 R B AT AR
PIAE 370 ~420 nm P T P2 HEDOEARTE,
PSE A LA — 2 FN — 2 5 KL B A | hy , JE i
ARSI RE 73 F 16 450 ~ 540 nm K
RFFEAESOE ™ A% T OPA, %A1 4 7
X 20 e B B R e v, BT AR 7 A AR
SE o ABJR A AR N i A S B ATT AR BN LA R
1,75 100°C 2544 m# 90 min #4727
L 280 FH T A PRI R B 26 2 ke
b AR i o 424 ak i k= T P
TRALEKF AT

(B 15 TF &R 2, 4-0R R B B S (4-
bromobenzenesulfonyl chloride ,4-BBS) {F } A~ [F]
T ARG EAT AR F ) — Rl BT A ], TR e
AT A A B 5 — G B B P SO, 1A 5 0k
WA b g B A O, A T s A T R
FETEAR PR 22 1) 2 AT AE ). AR AT
P S FRT B PR RSP S. Bassetti 45 A1
Fl Croyal 4 A UL AE S 535 LA 4-BBS Ay fij 2k
i, & ] UPLC-MS/MS il 5 N fisi 45k oA 20 i &
w7 HUS TR A R . BETH TR E R
WA BB, BRI eIz N
2.4 GESHHHMESINGR A& HPLC b i sh A rh
B T A HLARSL B 75 B35 B U IR, 4 an 2 o
W ELERERREN ( sodium octane sulfonate, SOS) |
=7, & (triethylamine , TEA ) | i & . PO & K R
THF ), = % & &
(trifluoroacetic , TFA ) 45, DL I8 75 i sl AH B9 B2 Bk
PE, TR B I i R0 R IR AE . BRI ER 22 np
WEA AP 53 B R B R E SR A %)
WA, 1 RO TS AT IR E . BEIRER 22 o ik
FRAESY B B D7 TGS T T AH 2 X 43 B R
T E W, IF Al T A ] S A, SOS
JE— B 5, el L fer 5 R (R) -
LA B AR B, T LA RBAH B.45 508 s K M B 1
XF, A8 B ) HPLC v R AR e [ 5 AH v 34 hn 25 fic
PREE ] 3G RS it B, SEEAR [ 4H 53 ] 1) 3
B TEA ERS 5 1k 20 e 06 5 438 30 0 1)
M TH A — i - A 7 ) e
W, A E] OPA/ME Hh il LUFa 5 20 e i
He gy 8]

( tetrahydrofuran,

3 ERFARSENNE

A 5 HPLC 00 5 o 6 W v 20 e 25 i) I
H RT3 P, 3R R PN 2 e & B AR,
AW PAEE LT TR R A, WA T
ST ] T TR B E J7 SR APk
i

Kiviranta 25 A" 5% | T Yamatodani 2§
NI g 276 L 2R O 2 3, T AV L
A R A, R AR IR AR Y
R FE Y il 5 WA g Tk B2 (0.69 +0.16)
pmol/ml B {2 & F #5 fk L3 (0. 36 +0.07)
pmol/ml, Nishino i | SN AR TE B 6 BE OB
IR LI 7K -2 (2. 71 0. 45 ) pmol/ml, 3%
TrER PR 4 0. 09 pmol/ml, Kanbayashi Zi(7)
TEIZ T SR HEA bR TS ) 3 B A AR B g 1
SCHAE, AR S AR TR ES I SOS A A6z
3 T H N A v 2 e vk B2 Ry (3. 01 £0..20)
pmol/ml, 5T A FE A 0. 09 pmol/ml,

Croyal %5 A" F 2011 4¢3k | UPLC-MS/
MS 3k 00 i P W B 6 i Ak 2L &5
o ZITELL 4-BBS AT AR R SEAT AR AT AT AR
Z 5 AT S BORE € 35 23 B , IoR T B R AR
Do At T30 75 52 6 2 X B2 R ) 5 T 4
Jieie 2 43 5 4 (0. 39 £0. 06 ) pmol/ml #7 (0. 40
+0. 07 ) pmol/ml, %M BRE >4 0. 0125 pmol/ml,
WM R i B PR Ry R ORE N R
IR P L R ) 1 o Bassetti 25 A 2R
FHAZ 760 NI W b 2 e A7, A
DR B i AR AR T A P B i i TR 194 1 R
JE WEIHE ( excessive daytime sleepiness ) B 2 ZH i
IKE43 518 (0. 31 £0. 24) pmol/ml F1(0.22 +
0. 09) pmol/ml,

AR WA 3o 5 P 11 2% 00 2% - S 2 52 i)
G 2 o BRI o RV ) R A T 2K
A A 25 00 I e 2 3R 92 25 T 5 R X ] B
LA e N T R o Prell 25 A2 41238 B HE
T I P I T L e % R A% S It f oA 21 J 1Y)
AR AR Ak, AT BE S 2 I R S A 2 i
— 5 38 2 0 AR AT AT R A AR 2T
0311

Nishino %5 A ™ (R 25 SR 2 W, i 65 04
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WS S ) %o 2 i 5 B B R, 900 —
1300 1 45 A4 10 4 T8 4L B 7 B ol (2,59 +
0. 44) pmol/ml, 13 :00 — 15:00 Wi £E i i -
HEEH R (2.97 £0.66) pmol/ml, Wi E 2z [a]
WA G EER . W RIS N K 2k
TE AR AR W AR A S R 2
JU R M2 e Fr it Nishino 28 A & B, 285
— YR i 1 A A VRO P A e D K
6. 9% , T PHIR VRl 5 U 44. 4% ., ERLIE, 7E ik
B WO AR o AR PP N ST B BEAT 0 2 AR AT, A%
7]]%{1@,?:5 _ SOQC [5,79,21,23] %ﬂ _700C [6,30,30] ,Eiuwm
ETA B TR . B AT 2 AR S A
JEE 5Kt i YA PR AL 5 R ) (14 SRR AR i
R TR A B RS Y i 2 e 2
e Er o SC Bk — N 60% iy SR Bk iR
1 L 3 T 1 A T P 2L R
ThET o PRI, 6T BT B R TR S 5 T
T B AL SE L HERR B 1 5 e, T AT
AL AT, HA Mg s> T 5 x
10°/L' - FILT i i 2 T 5 x 10° /L5 iy figi
A WRE 7] L R

4 % iE

g

0 RS 9 AL i, X TR AL 2
IR 2R G AR B BRI R ELAT I
R o TN P AL AR L I
TOREAS W SR A AT AT 22 52 Wi 2 0 2 1) PR 3R
SR, AT R AR Sk ) A R 225l
(A LN € Tk o % FH A HPLC 0 5E J7
VEAE T BEAE BORS A50 RT A SR R 2 55 7 TR A
TEAR IR A4 O 2 (1], T8 S7 s o ) i 5 R e AR
RAETT 1A R 1o A YR ZEL P 28R 1 S
HZ . UPLC-MS/MS & 241 7 i ph T ik &
5t H AR AR RERF 2N iz ] ER AT TR L 1%
7 1% AT RE 23 A I 72 05 9 2L 5 B P v
TiEZ—.

References :

[1] BROWN R E,STEVENS D R, HAAS H L. The

physiology of brain histamine [ J |]. Prog

Neurobiol ,2001 ,63 (6) :637-672.

[2] YOSHITAKE T, YAMAGUCHI M, NOHTA H, et

[11]

al. Determination of histamine in microdialysis
samples from rat brain by microbore column liquid
chromatography following intramolecular excimer-
forming derivatization with pyrene-labeling reagent
[J].J Neurosci Meth,2003,127(1) :11-17.

ITO C. The role of brain histamine in acute and
chronic stresses [ J ]. Biomed Pharmacother,
2000,54(5) :263-267.

JADIDI-NIARAGH F, MIRSHAFIEY A. Histamine
in pathogenesis and
LI
Neuropharmacology ,2010,59(3) :180-189.

ZHANG Y, TINGLEY F D, TSENG E, et al.

and histamine receptors

treatment  of  multiple  sclerosis

Development and validation of a sample stabilization
strategy and a UPLC-MS/MS method for the
simultaneous quantitation of acetylcholine ( ACh) ,
histamine ( HA ), and its metabolites in rat
cerebrospinal fluid (CSF) [J].J Chromatogr B
Analyt Technol Biomed Life Sci,2011,879(22) .
2023-2033.
KIVIRANTA T,TUOMISTO L,AIRAKSINEN E M,
et al. Histamine in Cerebrospinal-Fluid of Children
with Febrile Convulsions [ J]. Epilepsia, 1995, 36
(3) :276-280.
KANBAYASHI T, KODAMA T,KONDO H, et al.
CSF  histamine contents in narcolepsy, idiopathic
hypersomnia and obstructive sleep apnea syndrome
[J]. Sleep,2009,32(2) ;:181-187.
NISHINO S, SAKURAI E, NEVSIMALOVA S, et
al. Decreased CSF Histamine in Narcolepsy With
and Without Low CSF Hypocretin-1 in Comparison
to Healthy Controls [ J]. Sleep,2009,32(2) :175-
180.
SOYA A, SONG Y H, KODAMA T, et al. CSF
histamine levels in rats reflect the central histamine
neurotransmission [ J]. Neurosci Lett, 2008, 430
(3):224-229.

OGURI S, YONEYA Y. Assay and biological

relevance of endogenous histamine and its
metabolites;  application  of  microseparation
techniques [ J ]. J Chromatogr B Analyt

Technol Biomed Life Sci,2002,781(1-2) :165-
179.

TOYO'OKA T. Separation assay of histamine and
(1]
Biomed Chromatogr,2008,22(9) :919-930.

its metabolites in biological specimens



464

RIAF, 45 LR A P N DN RE T R O A0 - 687 -

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ITOH Y, OISHI R, ADACHI N, et al. A Highly
Sensitive Assay for Histamine Using lon-Pair Hple
Fluorescent

Coupled with Postcolumn

Application to Biological
Specimens [ J].J Neurochem,1992,58(3) :884-
889.

KURUMA K, SAKANO T. Highly

Derivatization - Its

sensitive
determination of histamine by narrow-bore high-
performance  liquid  chromatography  using
postcolumn fluorescence detection [ J]. Anal Sci,
1999,15(5) :489-492.

YOSHITAKE T,ICHINOSE F,YOSHIDA H,et al.
A sensitive and selective determination method of
histamine by HPLC with intramolecular excimer-
forming derivatization and fluorescence detection
[J]. Biomed Chromatogr, 2003, 17 (8) :509-
516.

PENG J F, FANG K T, XIE D H, et al
Development of an automated on-line pre-column
derivatization procedure for sensitive determination
of histamine in food with high-performance liquid
chromatography-fluorescence detection [ J ]. J
Chromatogr A ,2008,1209(1-2) ;70-75.

KIM N H,PARK Y,JEONG E S et al. A liquid
chromatographic method for the determination of
histamine in immunoglobulin preparation using
solid  phase
derivatization [ J]. Arch Pharm Res, 2007, 30
(10) :1350-1357.

YAMATODANI A,FUKUDA H, WADA H,et al.

extraction  and  pre-column

High-performance liquid chromatographic
determination of plasma and brain histamine
without previous purification of biological samples;
cation-exchange chromatography coupled with post-
fluorometry [ J ]. J

Chromatogr,1985,344 .115-123.
JENSEN T B, MARLEY P D. Development of an

column  derivatization

assay for histamine using automated high-

performance  liquid  chromatography  with
electrochemical detection [ J]. J Chromatogr B
Biomed Appl,1995,670(2) :199-207.

KOYAMA J, TAKEUCHI A, TODE C, et al.
Development of an LC-ESI-MS/MS method for the
determination of histamine; application to the
histamine

quantitative measurement of

degranulation by KU812 cells [ J]. J Chromatogr

[24]

B Analyt Technol Biomed Life Sci, 2009, 877
(3):207-212.

KAWANISHI H,TOYO'OKA T,ITO K,et al. Hair
analysis of histamine and several metabolites in
C3H/HeNCrj mice by ultra performance liquid
chromatography with electrospray ionization time-
of-flight spectrometry  ( UPLC-ESI-TOF-
MS) :influence of hair cycle and age [ J]. Clin
Chim Acta,2007,378(1-2) :122-127.

CROYAL M, DAUVILLIERS Y, LABEEUW O, et

mass

al. Histamine and tele-methylhistamine
quantification  in  cerebrospinal  fluid  from
narcoleptic subjects by liquid chromatography

tandem mass spectrometry with  precolumn
derivatization [ J]. Anal Biochem,2011,409(1) :
28-36.

KAWANISHI H, TOYO' OKA T, ITO K, et al.
Rapid  determination of histamine and its
metabolites in mice hair by ultra-performance
liquid chromatography with time-of-flight mass
spectrometry [ J]. J Chromatogr A,2006, 1132
(1-2) :148-156.

BASSETTI C L, BAUMANN C R, DAUVILLIERS
Y, et al. Cerebrospinal fluid histamine levels are
decreased in

patients  with narcolepsy and

excessive daytime sleepiness of other origin [ J].J
Sleep Res,2010,19(4) :620-623.

MIYAMOTO Y, YOSHIMOTO R, YUMOTO M, et
al. Simultaneous fluorometric measurement of
histamine and tele-methylhistamine levels in rodent
brain by high-performance liquid chromatography
[J]. Anal Biochem,2004,334(1) :89-96.
RINNE J O,ANICHTCHIK O V,ERIKSSON K S,
et al. Increased brain histamine levels in
Parkinson’ s disease but not in multiple system
atrophy [ J]. J Neurochem,2002,81 (5):954-
960.

XU A, SAKURAI E, KURAMASU A, et al. Roles
of hypothalamic subgroup histamine and orexin
neurons on behavioral responses to sleep
deprivation induced by the treadmill method in
adolescent rats [ J|. J Pharmacol Sci,2010,114
(4) :444453.

PREVIATI M,RASPADORI A,BERTOLASO L, et
al. Determination of histamine in the whole blood

of colon cancer patients [ J]. J Chromatogr B



- 688 - WL R 2R (BEAAR) 4l %
Analyt Technol Biomed Life Sci,2002,780(2) : depressed inpatients [ J]. Biol Psychiat,1997,41
331-339. (2):162-171.

[28] YOSHIDA H,ICHINOSE F,YOSHITAKE T, et al. [31] BLENNOW K, WALLIN A, GOTTFRIES C G, et
Simultaneous determination of histamine and al. Concentration gradients for monoamine
histidine by liquid chromatography following metabolites in lumbar cerebrospinal fluid [J]. J
intramolecular ~ excimer-forming  fluorescence Neural Transm Park Dis Dement Sect,1993,5
derivatization with pyrene-labeling reagent [ J]. (1).5-15.

Anal Sci,2004,20(3) :557-559. [32] MOTAWAJ M,PEOC'H K,CALLEBERT J,et al.

[29] PRELL G D,KHANDELWAL J K,BURNS R S, et CSF levels of the histamine metabolite tele-
al. Histamine metabolites in cerebrospinal fluid of methylhistamine are only slightly decreased in
the rhesus monkey ( Macaca mulatta) ; cisternal- Alzheimer’ s disease [ J ]. J Alzheimers Dis,
lumbar  concentration  gradients [ J ]. J 2010,22(3) :861-871.

Neurochem, 1988 ,50(4) ;:1194-1199.

[30] MANN J J, MALONE K M. Cerebrospinal fluid [ FiEmis ke
amines and higher-lethality suicide attempts in

(E# % 680 ) as drug hepatitis [ J]. Clinical Misdiagnosis and

[7] PAN Zhao-yong, LIU Wei, ZHANG Yong-fa (3% Jk Mistherapy ( I KiRi2 R34 ) ,2005, 18 (12)
LX) B, KK EE ). Two cases of brucellosis in 871. (in Chinese)
children with the first symptom of hyperpyretic [11] LIN Tao,LIN Ai-jun(#k % ,#ER). One case
convulsion [ J]. Chinese Pediatric Emergency of brucellosis misdiagnosed as biliary ascariasis
Medicine ( FE/NLEMEZ) ,2006,13(1) :77. [J]. Chinese Journal of Infectious Diseases ( 51
(in Chinese) HefFLRmAE) ,2003,21(3) :191. (in Chinese)

[8] WANG Jing, WANG Wei-ping, LI Bao-guang, et al [12] LIU Zhi-zhen, LI Cheng-bai, JIANG Wei-li ( X1l
(FE o, F4F, Z=5%),%). One case of BT, 22 AT, ¥ 4 32) . One case of brucellosis
brucellosis with features of cerebral infarction [ J]. misdiagnosed as lymphoma []]. Jilin Medical
Journal of Brain and Nervous Diseases ( fiif 5 # Journal ( & # E %), 2008,29 (7):615. (in
R 2 ) ,2010,18(5) :394. (in Chinese) Chinese)

[9] ZHANG Min-sheng,ZHANG Rong-sheng ( 5K £ 4= , [13] HUANG Zhao-wei, YANG Bin, WANG Ling ( 25
5k ). One case of brucellosis misdiagnosed as .4 sk, £ #). One case of brucellosis
cervical lymph node tuberculosis [ J]. Chinese misdiagnosed as rheumatic heart disease [ J].
Journal of Infectious Diseases ( b 4 1% L f5 2 Chinese Journal of Misdiagnostics ( #1[EiRi2 %
) ,1998,16(1) :16. (in Chinese) #73) ,2006,6(24) :4785. (in Chinese)

[10] SU Gui-hua,DONG Fen, LIU Jiao ( FFkE4E, &

2%,%] &) . One case of brucellosis misdiagnosed

[FTEHmEE kR ]



