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The measurement of histamine is to determine the degree of allergy because the allergic reaction
can lead to the release of histamine. In general, the antigen—antibody reaction was quantified by
measuring absorbance using a microplate reader. In this study, we compare the method using a
general antigen—-antibody reaction and the method using a high performance liquid chroma-
tography mass spectrometer (HPLC-MS) of chemical analysis in the measurement of histamine
secretion. The cell line used was RBL-2H3, an allergic reaction was induced by stimulation with
C48/80 (compound 48/80). Allergy-induced cells degranulation rate was confirmed by
measurement of B-hexosaminidase and cytotoxicity was performed for the validity of the
experiment. The quantitative determination of histamine showed a significant difference, since the
quantitative limit of the measurement by the antigen-antibody reaction was 10.257 ppm while the
quantitative limit of the measurement by HPLC-MS was 0.020 ppm. Measurement of histamine in
allergic activity and anti-allergy tests showed that the HPLC-MS analysis rather than the analysis
of the antigen-antibody reaction is a more precise and accurate test.
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Aol W 7o) gk RIshukg-& A7 = 952 3~ FH9] IgE (immunoglobulin E) 5~8&-4of| A3t IgE 34191 £4
Aol chjung 5, 1998; Park 5, 2007). o] )3t &reA] vk 9Jo] Bk wf] Eo] 4 cross-linking © & EAJ3} ¥ H]TkA| 2
S 571§ o] glom T 2 | F o] Al [ & A] Hh-g-of] &3} U9 histamine, proteoglycan, serine protease, carboxy-
THRoitt 5, 2001). A TS FEA7 = F-Edol 79 peptidase A, sulfatase, exoglycosidase 5-2] 318+ v 7] 4|1 St
& A = T o] Yojubal o] of FAlof histamines ' £74 cytokineEo] T HA Sl G55 AT T3t
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tbd A gZukeo] 7| Stei(Nadler?t Mattews, 2000).
Histamine< indolamine (serotonine, histamine ), cate-
cholamine (dopamine, epinephrine ), polyamine (spermine
52t o] A Yol EAsk= AYejg4g ofdl ot} Histamine>
AWell A histidine decarboxylase®] 8-l £]3}] histidine 2.
S 5E A Eo] 22 o] HITRAEE, 0] T 7)) I 5
of| A= th(Schayer, 1956). Histamine-& BYHA| 3 2] 7} o A]
7P whE A W= oFoH vl 2 ek o] thet Al Al
SEO| FHH] 97l 2R 7| A] BEtol| thet Ak, W g
oot Sy Al o ARg -2 Al X T (Petersents,, 1996:
Mekori®} Metcalfe, 2000). 0] A2 A4 2] 31-3A] wh-g-of <] gt

ol7) At o] olie 210 & defA glrk. oo} o] x| vt
o] 9Jo1A] histamine-& 4201 Z Q8 3k 3131 glom
AR 025 dafx] fHo] JES 2o shte] HER 8¢
3L glek

AUFA © & in vitro, in vivo A F o4 W2 histamineS A%
o uf 3FL-gAHRS-S- 0]-8-3} ELISA (enzyme-linked immuno-

3
sorbent assay) 274 H-S ol ARg-sIAL Qlek, T1euh A of ARg-
&= AloFe] Al 2 o] theFslal B}y wfiTol| T Al &St
w0l Sl kitE ARSSHL Sl Aol o]t SR A
QI A Qlol| = B olar AR-E= 7]7] Bl A HAe] o wfof| wht
Aol W2 HARS Ho|7| & shal, T 579 Aok} ‘ﬂ}g/\] 2k
o] g g sto] Tt A olefal o = Qlt. oo & AR =2 &
H3lA] okl HEHe 7} =2 histamine ] 242 93 A7-E A
St¢lct. Histamines 4] k= RBL-2H3 A|EFE C48/80
(compound 48/80) 0 & A}=3}11 o|uff 5] = histamine 2] 4
S FU-FA S-S ]88t ELISA kite} £4 3129l v o
5 HPLC-MS (high performance liquid chromatography mass
spectrometer)E ©|-§-5Fo] A3 0w T1of et Afo]HE H
wsto] oA 2l Aol 215kt

W e

1. MIZHHRE S M E =4S Tt

Histamine #H]81= RBL-2H3 HlE£5+= 3= 2323
(KTCOA 4] 8Fem, 37°C, 5% CO; incubator (Pana-
sonic, Tokyo, Japan)o 4] 10% FBS (fetal bovine serum, Gibco,
Grand Island, NY, USA), 100 U/mL penicillin, 100 pg/mL
streptomycin (Gibco, Grand Island, NY, USA)e] 38+ DMEM
(Dulbeco’s modified eagle’s medium, Gibco, Grand Island,
NY, USA)ellA vl staint. i Aol A L A7t fid o] e
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AE IRIsk] I8k MTIT [3-(4,5-dimethyl-thiazol-2-y1)-
2,5-diphenyltetrazolium bromide (Sigma-Aldrich Co., St.
Louis, USA)] assay® MEZAE Z433ict. RBL-2H3 A3
(2x10° cells/mL)e] cetrizine (Sigma-Aldrich Co., St. Louis,
USA) & 10 ul/mLe] F5= & A 2]5}3irh 37°C, 5% CO, 2110f|A]
305 HfjoFel 3 C48/80 (Sigma-Aldrich Co., St. Louis, USA)XS 1
mg/mLe| FE= Aot 2087t s YR A viFstact. z+
wellof] 2 mg/mL =] MTT 84S 10 ul A A7Fskar thA] 4417F
%0}37°C incubatorol| A Bl oFstiTh. Wi A& Al A8} 200 uLe
DMSO (dimethyl sulfoxide)= welloll 2435 formazan 242 &
8] 2-8JA|A microplate reader (Tecan, Zurich, Switzerland)
£ AREsto] 640 nmellA S35 SISk AZ 54 AR
O] FFEE 2o FFEo] et HE-E= YeRf Sl

0

2. B-hexosaminidase W& &

o H] A4e] 4] =491 B-hexosaminidase o] HEF= =
AAosm deA] FEe AxE ERISkItHSchwartz 5,
1979). RBL-2H3 Al ¥ 2% 10° cell/mLe] %% 2 tyroid buffer
(25 mM PIPES, 158 mM NaCl, 5 mM KCl, 0.4 mM MgCl,, 1 mM
CaCly, 5.6 mM glucose, pH7.2)2 33] &334 1L tyroid buffer
o]l 591 cetrizine 10 pg/mLE A 2|8}t 3087 37°C, 5% CO;
Z2AA et = = IS G501 $18He] 1 mg/mL C48/80
= A efskar 2057 ThA] B FstSiTt vl ek & 4 °Cofl A 1047 2t
ot o ilite] & S HE 9]4=5kSirt. B-hexosamini-
dase?] 71421 p-nitrophenyl-B-acetyl-glucosaminide (Sigma-
Aldrich Co., St. Louis, USAYE 1 mM9] =5 A2slal 1A|7F &
QF37°Col A HEG-A1Z1 3, 28122 sodium bicarbonate (pH 10)
<= A7Feto] WhEE FROIGITh W Ay 415 nm T

microplate reader= S¢=5 4515t

B-hexosaminidase release index
=(0.D at 415 nm of sample/O.D at 415 nm of positive

control)x 100
3. gel-H| BHE S 018%t histamine WEE &3
Histamine2] &S 3-4-3A ¥-5-0.2 Z4517] 9lsto] A]

T 2 Q)= S| AEM gk kite Ao o, -SR-S

of| 9]t kiti= Cayman (Ann Arbor, MI, USA JAFS] A5 /\}%5}

AthPeters &, 1984; Sydom 5, 1987; Naclerio -, 1996).
B-hexosaminidase W& ZoA FH|H U= AME

(A, ti 2, cetrizine A7) 2] A% H T} histamine ¥5S
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4. HPLC 2 EA7|E 018%t histamine Y& £H

Histamine®] W52 24 sFehaQl vy o & Z45}7] 9]s}
o] HPLC & B! o=
histamine &% &40 AMS3 S MET FU FE
histamine (Sigma-Aldrich, St. Louis, USA) 3555 98.00%)<
ARg-stgIct. Agof Ag-E HPLC e £47]%= LC-20AD, SIL-
20AC, CBM-20A, CTO-20AC, LCMS-2020 (Shimadzu, Kyoto,
Japan)o|™, HPLC jlUH 2l acetonitrile (ACN), MeOH (J. T.
Baker, NJ, USA) HPLC8-& ARESF o.M, T Q)0 A= 55 ¢
oF 8= 5 Aok FQ skoict.

ek HA7] 0] AL olsto] [A|H ] 940 0.4 mL/min®.
2 24310k o] %A A& 100 mM ammonium formate, pH 3.0
©] H,00]1l, 0554} B+ acetonitrile©| Gt HPLCE] 242 -4l
Lo 2 H(gradient mode)E A8+ 3L, HPLC-MSE elec-
trospray ionization (ESD& 112.2 m/z SIM(+)&] Z70|3loH
HPLCO] #4] 271 Table 137} 2t
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5. Z4&3|(limit of detection) X K2FSEA|(limit of
quantification)

A 9 HFIAZ 28171 91ote] WA AHYS AZ%
2] peak A4 vl}

ick. chil 7HA) S50 01 EAelel e
SN P & 4 G AFRANOR BEIAS Alrk

50, 10, 5, 1, 0.5 ppm O & @A © & 343} histamine #2

Table 1. HPLC-MS condition of histamine

Analytes Condition
LC pump Binary pump
Column A HILIC (Waters) silica column (100x
2.1 mm, 3.0 um)
Injection volume (uL) 2
Flow rate (mL/min) 0.4

Gradient mode Linear gradient 90% B from 0.01 min,

30% B for 1.00~2.00 min, 90% B for

2.21~4.00 min.
Interface ESI (USA)
Nebulizer gas flow 1.5
DL temp (°C) 400
Heat block temp (°C) 250
Dry gas flow (L/min) 15
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}9l-0)A vk S o] 80t kit9} HPLC-MSE 242t BA3) 1 -3
L9} peak WA ek BF FEO IAE FASH= REFAS
2HA 9Lt 33] A slo] Wbty EHAE ol Y, B
Aol 71&719F R HALS S sHA 5l HEHAIE 4513
th A& = A 5o 23EE BAGAES] HEo| 7153t 2|A
T, Aol A Soll 23E o] Q= EAWES] gl
7Hs St A FER AE L]0k 9 ookE 5 Al validation

7to|=afol o] AL Al71A] 5 ikg-o] ARl Hapkl o] 7]1&
7)of| A= W 02 ALl o, AlAFA o A 2Ju]dl= 10D
= A&, LOQ% @%@ﬁloli, o= 1o FEHAL SE= 7

LOD=3.3 *&/S

LOQ=10 *o/S
6. EAA

Z}z¥o) A A o] T & HALL- cetrizines F0] St Al¥l w3} of
Z3to] ti3f t-testS Algsto] p<0.05 & 49 -G-2Ade] gkl
Byt
4 3

1. HE=Y S 87t

RBL-2H3°ll &A1 S FEA1717] 9fdte] Ae]ek C48/80}
10 giek & AR AIE 2] $J8te] 43t cetrizinewo] H
slo] MTT assay=S E3f] Al EEAS- 3ol 81t opkad 7\1.342 3}
A 2 Y] AlE BEES 100£1.66%5 oFAS ),
C48/80 1 mg/mL< A ] gk th2ah-2 95.53+3.56%, C48/80 1
mg/mL¥} cetrizine 10 pg/mLE A28t -2 92.67 +4.31%% H
O Sh= Abol= YA tHFig. 1.

2. B-hexosaminidase 9f=2f =4

B-hexosaminidase W< triton-x= RBL-2H3 M E2FE
H7d8] BBAIA A2 ZAZE 7HA AL Q= B B-hexosamini-
dase s thulolo] W oS MER (%)= ARSIt o | A
T 8] 9hS AL 33.0240.93%, C48/80WHS: X 2]et &
74.89+1.09%, 1231 C48/803} cetrizines X5 He|gh w2
58+ 1.80%= cetrizine A 2]A] F-2]Qt THAE Kof dejx]of et

5ol Ylrh= 2 218Gtk Fig. 2).
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Fig. 1. Effect of C48/80 and cetrizine on cell viability of RBL-2H3
cell. Each column represents mean=S.D of 3 independent sam-
ples. The absorbance was measured at 640 nm using microplate
reader.
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Fig. 2. Effect of C48/80 and cetrizine on B-hexosaminidase release
from RBL-2H3 cell. Each column represents mean+S.D of 3 inde—
pendent samples. The absorbance was measured at 415 nm using
microplate reader.

3. gE-ein| 2tS it B ofolX S 018%! histamine
=]

RBL-2H3 A|2250]| 4] C48/80¢°] £]ste] histamine©] o] &
T B9 =R & cetrizine©] o= AL R histamine] £8]S
AAl=A] gelstr] flste] oFd-kA ¥ o]-8-3t kite}
HPLC-MSE 0]4-61¢] histamine] W& 2743tt. & 714
S-S H| W] fJofo] B -2 AE -2 histamine 35

%(50, 10, 5, 1, 0.5 ppm)E AHE-SFSITE. - 1
o] &3t Ao A HAES 0.61+0.08 ppm, ETS 0.97+
0.13 ppm, cetrizine A2l 0.61£0.05 ppmS= B-hexosa-
W&t vl 21E AUchFig. 3). 24 o8k
HHS AL 0.38+0.01 ppm, tZa-S 0.69+0.02 ppm,
cetrizine 4 2]w-20.55+0.01 ppm O & H]gsl= 275 Agle
] fX|Ako 2 2jol2 HYIThFig. 4, 5).

minidase
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Release of Histamine (ppm)
e
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c 48/81? ) (+)
Cetrizine (-) )
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(+) (10 pg / mL)

Fig. 3. Effect of cetrizine on histamine release in C48/80-treated
RBL-2H3 cells by antigen—antibody reaction. RBL-2H3 cells were
treated with C48/80 (1 mg/mL) or cotreated with cetrizine (10
ug/mL). The absorbance was measured at 640 nm using micro-
plate reader. Data are the means+SD from triplicate experiments.

Release of Histamine (ppm)
o
>

0
C 48/80 (-) (+) (+) (1 mg/mL)
Cetrizine ) (=) (+) (10 pg / mL)

Fig. 4. Effect of cetrizine on histamine release in C48/80-treated
RBL-2H3 cells by HPLC-MS of 112.2 m/z SIM(+). RBL-2H3 cells
were treated with C48/80 (1 mg/mL) or cotreated with cetrizine
(10 ug/mL). Data are the means=SD from triplicate experiments.

Histamine®] W&%S Z4oh= Wil 3d-3A vkt
HPLC-MSE o]-8-¢F 24 o1k ]l v Z174e] HeketAlE 34
FStt. Histamine 248 2425 334 1508 3304 1
ﬂL 71&7] ko] Bt §hS-0] s HARE Aol Tl sto] AL
ek, A& = 3 -3 98-S o8-8t histamine %74 ]|

A 3.385 ppm, HPLC-MS £-40]| 4 0.007 ppm <>l°q on, ekt

AL 39-314 v o]L3 histamineZ
ppm ©] 3127 HPLC-MS #-41¢f4] 0.020 ppm
A5 HEFH It Table 2).

AollA 10.257
o7 HAB| e

2k

i

Histamine-2- HYHA| 2£.0] ZJo}o]] gt
o] A|ZE M histamined] 232 &g A

g 713 (degranulation)
AR EL ) BELY &
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(x1,000,000) (x100,000)
50075 000,000 EHE 590 500,000
a0 (a). 4-““; (b).
3-0075 300
200 z.oo%
100 100
n.nuf — ' . . . u.[m: .
0.0 15 50 0.0
min
(x100,000) (x100,000)
S00-500,000 SR 500 500,000
4007 (o). 40 ().
300 3‘005
2.00- um?
100 1.005
mmj . . i . u.m}_f
0.0 15 50 0.0
min

TICH@1

25 50
min ,

Fig. 5. HPLC-MS chromatogram of his—
tamine standard, supernatant of re-
spective RBL-2H3 cell line. Electro—
spray ionization (ESI) interface in po-
sitive mode, 250°C DL temperature,
400°C heat block temperature, and
15 L/min nitrogen gas. The single ion
mode was used with the following
m/z-values: 112.2. (a) Histamine stan-
dard 10 ppm, (b) supernatant of nor-
mal RBL-2H3 cell line, (c) superna—
tant of C48/80-treated RBL-2H3 cell
line, (d) supernatant of cotreated (C48/
min 80 and cetrizine) RBL-2H3 cell line.

TICH)@l

15 5.0

Table 2. Detection limit and quantitation limit of respective mensuration

Mensuration c S LOD (ppm) LOQ (ppm)
Antigen—antibody reaction 0.0057 0.0055+0.0003 3.385 10.2572
HPLC-MS 7538.1453 3722489.2379+55435.68 0.007 0.020

Abbreviation: o, standard deviation of intercept; S, mean of slope; LOD, limit of detection; LOQ, limit of quantitation.

Ao]| 8-8-51A AR&-E 11 ITH Petersen, 1996; Mekori®} Matcalfe,
2000). ¢RHH & histamines J% ¢ W= FL-FA =
of-gto] WAL= T4 w5 Z 3t - vRgH ol 2%k
Aol HPLC wA Ko A&7} Holuth= A= BEarxo] ¢l
HMuscarella <, 2005). ZL2Ju} Muscarella $(2005)2] $17-o]
A ¥ 3L HPLC B-419-2 histamine & §-=418} A171 3 o} w4
|5 o83t 401 l7] wiizoll 77} E o %I}, Histamine
SASE A7 AU EASHA | H A ESRIA} 8= Edo] B
A2} = AU A o] B Qlr= XA Slof| 412 %1451 H
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o}z BelE(jonophore A23187, C48/80 %), HA|(complement
C3a%} C52)9 2 anaphylatoxinol] 2Jste] G=2 4= ok
(Roitt &, 2001). & AHAM= L2AE FLA7]7] $131]
RBL-2H3 A0l C48/80& *=]8k%ithYan 5, 2009; Choi
<, 2010; Kim3} Park, 2010). C48/802 formaldehyde®] 2Js}
o] <125 phenethylamine2] g0t} o] C48/800] HITHA|ZE
Of Al szuto]] 2g-sto] A3 Hhol Q= A Al QEe = FA|
A AE W Feldes 7171, 22 A2d92=2] cAMP
(cyclic adenosine monophosphate)2} ¢cGMP (cyclic guano-
sine monophosphate) %of] Hs}E 4 0 A vubA| s o] g w-¢ 3}
S4B A7 ] HITHAE S4J9} &8 o|tK(Tasaka 5,
1991; Yoshii -5, 1991). H3t 291 &1 2] XA 5 240 % 312
EFIA| 2 levocetirizined} cetirizine2 G A4 vlA, F=27]
5o A3k X gof aabA o] (Baltes &, 2001) WY = =3
g Aol 42 54& 7HA 1 )ltkBartra 5, 2000). 1 Aof]
A= AlsolAl 71 o] ARE-E]= cetrizines & YeiA] 259

ook o 2 ARSI tHHasan 5, 2012).
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O & ThedhA|= g A1 A 0 = B = UVapgol gl7]
of] duk= 9l HPLCO| UV A&7 =2 —‘E—E’—‘iol w2 o=t o]
OPA (o-phthaldialdehyde, Yoshitake %, 2003; Vida®} Paw,
2011), PITC (phenylisothiocyanate, Calull &, 1991), NDA
(2,3—naphthalene—dicarboxaldehyde, Kim &, 2011) 522 &
TAIZF AZ1 & HPLC &% A=71E5 ol8ste =AsHAY,
ninhydrin?} ¥H&-AIX1 3 UV A&7 2 AEsh= ol glov &
F 7S o 83 A A BTG AT Hol A= A2 g
Ei=g

274 9] YA S ERlshs 2 HEMAIL et A 5 7HA
7} ik, ARl A AEe] 7R e Stk ol
], JFHAl= AAQl dEo] 7Fee7ke S5k Wiolth
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