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Sensitive and selective determination of histamine by high
performance liquid chromatography following excimer-forming
fluorescence derivatization and its application on the
biological samples

Fumio Ichinose

Chemicals Evaluation and Research Institute, Japan, Ishii-machi 3-822, Hita 877-0061, Japan

Abstract

Histamine is well known as a chemical mediator of allergy and gastric secretion, and
neurotransmitter in mammalian brain. We have developed a fluorometric HPLC method for
the determination of histamine based on intramolecular excimer-forming fluorescence
derivatization. Histamine, which has two amino moieties in a molecule, was converted to the
dipyrene-labeled derivative by reaction with 4-(1-pyrene)butyric Beiydroxysuccinimide

ester (PSE), and the derivative afforded intramolecular excimer fluorescence (450-540 nm),
which can clearly be discriminated from the monomer fluorescence (370-420 nm) emitted
from PSE. The PSE derivative of histamine could be separated by reversed-phase ODS
column with isocratic elution. The detection limit (S/N=3) for histamine was 0.3-0.5 fmol per
injection, and the calibration curve for histamine derivative was linear up to 300 fmol per
injection ¢=0.997). The method allowed the determination of histamine at trace level in
biological samples (human urine, rat plasma and tissues, rat brain microdialysate). The
proposed HPLC method based on the intramolecular excimer-forming derivatization with
pyrene-label is extremely sensitive, selective and simple for the determination of histamine.

Keywords histamine, 4-(1-pyrene)butyric acid-hydroxysuccinimide ester (PSE), excimer
fluorescence, HPLC.

0 13 0



g

O0000(Fg. 10D200 00000000000 YWO0O000O0O0O0O0000O0OO
0000000000000 00DooOo02000000000000D00000000
gbobogoobodboogboboobdooboooboobooooooboonboon
ggoobobuoooooboooboooooobobooooobbboooobobobooooobnobo
0000000000000 0DOO000OD0O0O00oDooOOoooOo®WoOO 000
goobooboobboobobooboobboouboobooboboooboobooo
gboboooboobogboobooboobooobooboobooonoboonboon
Oo0ooooooo®MOoooodoenoogg"oooo®mooogooooo
gogobobodoooobbboodbobobuoooobbbiooobbboouno
o0b0o0b0DoO0o0ooO0o0oooobo@EooooooboDOo)yYObooooooDoooDbo

Fig. 1 Structure of histamine
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Fig. 2 Intramolecular excimer-forming fluorescence derivatization of histamine with

4-(1-pyrene)butyric acid N-hydroxysuccinimide ester.
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Fig. 3 Intramolecular excimer fluorescence derivatization
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Fig. 4 Fluorescence emission spectra (excitation 345
nm) of (A) histamine and (B) regent blank.
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Chart 1 Procedure for the fluorescence derivatization )
of histamine with PSE

Histamine standard solution 1@
0.5 mM K,CO, 20pL
0.5 mM PSE 8QuL

Heat at 100 °C, 90 min

Reaction mixture

Inject into HPLC (3QuL)

Detector response

HPLC conditions

Column: Wakosil Il 5C18-100 (150 2.0 mm i.d.) 3

Mobile phase: CECN - H,0O - triethylamine
(82:18:0.03, viv)

Flow rate: 0.2 mL/min Y T 1

Fluorescence detection: Ex. 345 nm, Em. 480 nm 0 10 20 30
Time (min)

Fig. 5 Chromatogram obtained with a standard
solution containing 50 fmol histamine.
Peaks: 1, histamine; 2 and 3, regent
blank components.
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Table 1 Urinary excretion of histamine from

I I 8 9 healthy volunteers.
.E’ Age Sew Histamine (nmol/day)
. i ! 19 M 118.4
2 £ 29 M 136.3
g \1 ”I" U 34 M 212.5
& & 35 M 85.2
U\/\/J k/\/\ K/\A 38 M 50.5
J | 42 M 1125
I ! [ I | | 49 M 51.1
0 10 20 30 0 10 20 30

Time (min) Time (min) 29 F 322.3
Fig. 6 Chromatograms obtained with (A) a 30 F 219.8
healthy human urine sample (histamine \jean 145.4

concentration: 289.4 pmol/mL urine) and
S.D. 90.0

(B) the urine spiked with histamine (500

pmol/mL)

a) M, Male; F, Female
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Chart 2 Procedure for the fluorescence
derivatization of tissue or plasma sample

Tissue or plasma sample 11]0]
0.5 mM K,CO, 20 L
0.5 mM PSE 8QL

Heat at 100 °C, 90 min
Reaction mixture
Inject into HPLC (3QuL)

HPLC conditions

Column: Wakosil Il 5C18-100 (250 4.6 mm i.d.)

Mobile phase: CECN - H,O - triethylamine
(82:18:0.03, viv)

Flow rate: 0.7 mL/min

Fluorescence detection: Ex. 345 nm, Em. 500 nm
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Chart 3 Preparation of rat tissue or plasma sample

Rat (body weight: 200-300 g) Rat (body weight: 200-300 g)
Tissue (skin, lung, stomach, heart, liver) Blood (from abdominal vein)
Homogenize with 4-6 volumes of + Centrifuge at 1,650 g for 10 min
distilled water Plasma
Centrifuge at 5,200 g for 10 min Acetonitrile (9 volumes)
Supernatant fluid of homogenate Cool for 30 min at 4°C
Ultrafiltrate Vortex-mix forca. 1 min
Dilute 10-times with acetonitrile Centrifuge at 10,000 g for 20 min
Tissue sample Plasma sample
Stomach Hiitamme Lung Liver
f [ I aonr e
. | . mri
[ i I i (1l | 1INER |
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7] | . @ | @ W
s{l IR BRI AR
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o T ' k] . 2 .|
AR 1 I I |
| | o Ll
I T T I 1 T T T T 1 T T T T 1

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Time (min) Time (min) Time (min)
Fig. 7 Chromatograms obtained with stomach (ity/g), lung (2.01ug/g) or liver (0.696
pg/g) of rat.
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Basal condition Diamine oxidase treatment Compound 48/80 treatment
r B I Histamine

Histamine

l

Histamine

Detector response
Detector response
Detector response

AT AT Y |

0 10 20 30 40 50 0 10 20 30 40 SO O 10 20 30 40 50
Time (min) Time (min) Time (min)

Fig. 8 Chromatograms obtained with basal condition (40.5 ng/mL), diamine oxidase treatment
(degradation: 93.6%) or compound 48/80 treatment (4,850 ng/mL) of rat plasma.
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Chart 4 Procedure for the fluorescence derivatization
of brain microdialysis sample

Sample solution* 1QL
3mMPSE -3 mMKCO,- CH,CN  20puL
(1:1:18,vlv)

Heat at 100 °C, 90 min
Reaction mixture
Inject into HPLC (2QuL)

* Histamine standard solution or
brain microdialysis sample

HPLC conditions

Column: L-column (158 1.0 mm i.d.)

Mobile phase: CECN - H,0 (75 : 25, v/v)

Flow rate: 5QuL/min

Fluorescence detection: Ex. 345 nm, Em. 500 nm

(A) (B) ©)

Histamine

Histamine

!

Detector response

/

Detector response

I

Histamine

0

10 20 30
Time (min)

Fig. 9 Chromatogram obtained with
a standard solution containing
15 fmol histamine.
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(D)
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0 10 20 30 O 10 20 30 O 10 20 30 O

Time (min) Time (min) Time (min)

I 1 [
10 20 30

Time (min)

Fig. 10 Chromatograms of 1 microdialysis samples collected at basal conditions from
(A) hypothalamus (35.5 fmol/1QL), (B) prefrontal cortex (9.1 fmol/1QL), (C)

hippocampus (7.8 fmol/10L) and (D) striatum (6.5 fmol/1(L).

0210



ok

INd

N

wn
i

1104

g

—e—HighK 1001

—

~

w
1

Histamine (%)
B B
Histamine (%)

_
8
;

3

75

40 30 20 -0 0 10 20 30 40 50 60 a0 30 30 0 0 b e m o &

Time (min) Time (min)
Fig. 11 Fig. 12
Effect of local perfusion, through the microdialysis Effect of removal of calcium ions from the
probe, of 100 mM potassium ions in the ringer perfusion medium on basal release of
solution on histamine levels in the hypothalamus histamine in the hypothalamus (n = 5 rats).

(n=5 rats). The bar indicates the perfusion of calcium-
The bar indicates the duration of high perfusion free Ringer solution during 60 min.
(20 min). (O) P<0.05, 0 0) P<0.01 paired t-test.

(O0) P<0.05, 0 O) P<0.01 paired t-test.

110+ 300+
. —e— Hypothalamus
—e— Tetrodotoxin 2754
2504 ---m-- Prefrontal cortex
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_ S 2254 i
§ S 2004 -ea-- Striatum
g 90 =
. 1754
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é E o 1504
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100
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50 -4—Tr—r— Ty
T T T T T T T T T T T -60 -50 -40 -30 20 -10 0 10 20 30 40 50 60 70 80 90
40 30 20 -10 0 10 20 30 40 50 60
Time (min) Time (min)
Fig. 13 Fig. 14

Effect of sodium channel inhibitor tetrodotoxin  The effect of the forced swimming (20 min)
(1 uM) in Ringer solution perfused locally (60 on release of histamine in the hypothalamus,
min) through the microdialysis probe implanted prefrontal cortex, hippocampus and striatum

into the striatum (n=5 rats). (meang S.E.M., n =5 rats).
The bar indicates the perfusion of the modified (O) P<0.05, O )(e @) P<0.01, compared
Ringer solution during 60 min. to hypothalamus group; ANOVA, Fischer’s
(O0) P<0.05 paired t-test. PLSD-test.
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