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To date, te/e-methylhistamine, the product of enzymatic histamine methylation, has not 
been measured by a suitable method. Tefe- andpros-methylhistamine both react quantitatively 
with trifluoroacetic and heptafluorobutyric anhydrides at room temperature under anhydrous 
conditions to yield either mono- or bis-derivatives in the absence or presence of pyridine, 
respectively. The extraction of tissue homogenates, de~vati~tion, and analysis by gas 
chromatography-mass fragmentography permits the detection of I rig/ml tele-methylhista- 
mine, using pros-methylhistamine as the internal standard. Rat brain contains te/e- 
methylhistamine in a concentration similar to that of histamine (42 rig/g). The content of this 
amine in tissue has been compared with that obtained by other methods. 

The biotransformation of histamine is 
brought about by two distinct enzymes, 
diamine oxidase (EC 1.4.3.6), and histamine 
methylt~nsferase (EC 2.1.1.8) (1). The 
latter enzyme methylates histamine, produc- 
ing lele-methylhistamine (l-methyl-4-(/3- 
aminoethyl)-imidazole) (2). Figure 1 shows 
the structure of re/e-methylhistamine (f- 
MH)? which has also been called 1 &methyl- 
histamine, 1-methylhistamine, and 3-methyi- 
histamine [see (3) for nomenclatural dis- 
cussion], In addition to the substantial 
formation of this substance in nonneuronal 
tissue, its synthesis in brain is probably 
quantitative from histamine, since histamine 
oxidation does not occur in mammalian 
brain (4). Brain histamine methylation has, 
in fact, been suggested as a neuronal inacti- 
vation mechanism (5). We have recently 
shown r-MH to be a substrate for mono- 
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amine oxidase B (6) and it has also been 
shown to be as potent as histamine in de- 
pressing cortical neurons when applied 
iontophoretically (7). 

In light of these considerations, it is not 
surprising that the measurement of l-MH in 
biological samples has been attempted. 
Fram and Green first identified f-MH in the 
brains of several species (8) and in human 
urine (9). Several tissues have been assayed 
for f-MH by solvent extraction, derivatiza- 
tion with dinitrofluorobenzene, separation 
by thin-layer chromatography, followed by 
elution and spectrophotofluo~met~ (10,ll). 
These methods suffer greatly from lack of 
ease, efficiency, and sensitivity (i.e., pg 
detection limits). 

This report describes several conditions 
for derivatizing f-MH. A method is also 
described for the isolation, derivatization, 
and detection of t-MH from several bio- 
logical sources with a sensitivity of 1 n&ml. 
Our methods are compared with those of 
previous reports. 

METHODS 

Standard f-MH andiron-methylhistamine 
(p-MH, Fig. 1) hydrochlorides were kindly 

0003-2697/79/090056-08$02.00/O 
Copyright 0 1979 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 

56 



Te/e-MBTHYLHISTAMINE ASSAY 57 

t,k-ltEl@ll~iST&NltlE ,~~‘-SETWl~lil~~l#E 

FIG. 1. The structures of fele- andpros-methylhistamines. This unambiguous nomenclatural system 
has been advocated by Black and Ganellin (3), 

donated by Smith, Kline and French Ltd. 
(Hertfordshire, England) and stored in 
0.01 N HCl as stock solutions. t-MH is also 
available from Calbiochem (La Jolla, Calif.) 
and designated by them as l-MH. All con- 
tent measurements refer to free base. Pyri- 
dine was distilled and stored over KOH. 
Heptane was washed with 0.1 N HCl, 0.1 N 
NaOH, and distilled water twice. Sodium 
hydroxide (IO N) was stored in glass since 
semisolid residues were obtained in the 
assay after its prolonged storage in plastic. 
All other solvents were reagent grade 
and used from the bottle. De~vatizations 
were carried out in 1.0 ml Reacti-Vials 
(Pierce, Rockford, Ill.). Glassware was 
silanized with 1% dimethyldichlorosilane 
(DMCS) in toluene (Pierce). All micro- 
pipetting was done with Eppendorf auto- 
matic micropipettes. Combined gas chroma- 

tography-mass spectrometry (gems) was 
carried out using a Finnigan Model 3200 
gems programmed for total or selective ion 
monitoring. Gas chromatography separa- 
tions were effected using 5-ft x 2-mm 
silanized glass columns containing 1.7% 
OV-17 (Applied Sci., State College, Pa.) on 
Chromasorb G (80- 100 mesh, acid washed, 
DMCS treated) at 160°C isothermal, with 
helium (20 ml/min) as the carrier gas. Mass 
spectra were obtained using an electron 
energy of 70 eV, and emission current of 
1 mA. 

Anhydride derivatives of t- and p-MH 
were prepared as described in Table I. For 
the assay of t-MH (Fig. 2), fresh tissue 
was homogenized (lo-20% w/v) in ice-cold 
0.4 N HClO4 containing 20 ng p-MH as in- 
ternal standard. Aliquots (1.5 ml) were trans- 
ferred to polypropylene conical micro- 

TA3LE 1 

EI MASS SPECTRAL CHARACTERWTICSOF ALIPUATIC ANHYDRIDE DERWATWES 
OF t&?- AND pros-METHYLHISTAMINES’ 

de C% relative abundance) 

Amine F‘yt’idine Anhydride M+ 

l.hfH 
p-MH 
tsMH 
p-MH 
t-MH 
p-MH 
t-MH 
p-MH 
t-MH 

+ Ttifluoroacetic 317(g) 204(83), R = CFz 191(53), R = CFa 135(mo) 94(17) 
+ Trifluoroacetic 3l7(3) 2@4(61), R = CFa lYl(Sl~, R = CFa 135(100) 94W) 
+ Heptatkrobutyric 517(11) 3@4(80), R = CaF, 291(42), R = CaF, 13~100) 94(7) 
+ Heptatktorobutyric 5 17(Z) 304WL R = CaF, 291(34), R = CSF, 135(lW 94(3) 

Triflooroacetic 2Zw3) lOS(SO), R = CFS 9X50). R = CFS - Yw 
Triflooroacetic 22wl 108(52), R = CFs 9X100). R = CFZ - 94tW 
Heptafluorobutytic 321(7) 108X97), R = CzF, 95(85), R = CSF, - 94(4) 
Heptatkorobotyric 321(4) IOWOA R = f&F, 95(lCO), R = CzF, - 94Cll) 

+ Acetic 167(14) 108(72), R = CHZ 95(1@3),R = CHa - 94t9) 

42(81) 
42(19) 
42@5) 
42U2) 
42clW 
42(87) 
4aw 
42(63) 
42(81) 

* Ooe microgram of amine was evaporated to dryness under = nitrogen stream. To the residue was added 15 ~1 of one of the above ahydrides 
with or without 5 ~1 pyridine. Each vial wes capped, mixed, and &owed to react for IO mitt at ro+tn temperature followed by the additioo of 0. I ml 
water, 0.2 ml S% NH,OH, and 0.7 ml ethyl acetate. Follow+ntt a I-mio extraction, the layers were sepated by centtifugation. The qwous phase 
was removed and the organic iayer was dried with Nt@O,, concentrated by evaporation, and assayed by gas chromatography-mass spect~otnetty as 
described. The mass/charge ratio (m/e) of the major fragments for each deriwive are shown, along with tbe relative intensity of each fra#mettt in 
parentheses. Each amine gwe only otte derivative under these conditions, identified at far right. 
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Tissue haogenate (10X-20% W/V in 0.4N liC104) 
20 L8 p-methylhistamine 

r 
I 

1 superna~anti (Bx 1 ml) 
pellet 
(discard) 0.; ml 1ON NaOH 

saturate with N&l 
5 ml nBuOH-CRC13 (l:l> 

~;;~;;f2!;;;;1 , butte top, 

organk aqueo4m 
add Izo (discard) 
5 ml heptane 
0.5 ml O.ZN HCl 

I 
15 min mechanical 
exIxacmxl 
cenlzifuga~ioc 

tOD 1 I botto+n 
organic 
(discard) 

aqueous 
I vacuum evaporation 

to fpess 

5 pi pyridine 
15 &l hept8fluorobuQric 
anhydride 
mix, 10 ain room temperature 

I 
100 ~1 saturated Tris buffer pH 8 
mix, add 
600 ~1 benzene 

1 a&n extraction 

sqiIeous 
(discard) 

%njeL l-3 ul into 1.7% OV-17 cn 
Chrontasorb G at 1800 
monitor m/e 135, 291, 304, 517 

FIG. 2. Extraction, derivatization, and measurement ofrek-methylhistamine. See Methods for details. 

centrifuge tubes (KEW Sci., Columbus, 
Ohio) and centrifuged 5 min at 12,OOOg in a 
Beckman table top centrifuge. One-milli- 
liter aliquots of supematant (or HC104, 
containing standards) were placed in conical 
15-ml polypropylene centrifuge tubes, 
(KEW) made aJkaline with 0.5 ml 10 N 
NaOH and saturated with solid NaCl. Fol- 
lowing a 30-s mixing by vortex, each tube 
received 5 ml of ~-bu~ol-chlorofo~ (1: 1). 
The tubes were capped and extracted me- 
chanically for 30 min. The layers were 
separated by subsequent centrifugation 
(5 ml x IOOOg) and each upper organic layer 
was transferned to a second centrifuge 
tube containing 0.5 ml 0.2 N HCl and 5 ml 
heptane. A 15-min mechanical extraction 

and another ~ent~ugation was followed 
by the careful removal of the upper organic 
layer by aspiration. The resulting aqueous 
fractions were transferred to Reacti-Vials 
and evaporated to dryness at room tempera- 
ture with a vacuum centrifuge. Complete 
dryness was achieved within 1.5 h, with a 
small residue remaining in the bottom of 
each vial. The residues received 5 ~1 
pyridine, mixing, 15 ~1 heptafluorobutyric 
anhydride, and another mixing. The lo-min 
room temperature incubation was ter- 
minated by the addition of 100 ~1 saturated 
Tris buffer, pH 8. After the reaction sub- 
sided, each vial was mixed by vortex, in- 
suring that all solids were dissolved. Ben- 
zene (600 ~1) was added and each vial was 
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capped and thoroughly mixed for at least 
1 min. The layers were separated by centrif- 
ugation (1OOOg x 5 min) and the lower 
aqueous phases were removed with a 
syringe. The vials were recapped, mixed, 
and recentrifuged (3000g x 10 min), pro- 
ducing another small aqueous phase which 
was removed as before. Each vial then re- 
ceived a small amount of granular anhy- 
drous NaZSOh and its contents evaporated 
to 10 ~1 with a stream of nitrogen. One 
3 ~1 of this solution was injected into the 
gems system while specifically monitoring 
mle 304 and 291. 

To obtain the tissue data, female cats 
(2 kg) were anesthetized with sodium pento- 
barbital (35 mg/kg, ip). For other purposes, 
these animals also received 300 units/kg 
(iv) sodium heparin. Following the loss of 
reflexes, the tissues were dissected, 
weighed, and homogenized. Rat brains were 
assayed after decapitation. 

RESULTS 

Both r-MH and p-MH react with per- 
fluoroacyl anhydrides in the presence of 
pyridine at room temperature to quantita- 
tively yield the corresponding bis-per- 
fluoroacyl derivatives within 10 min. Radio- 
chromatography of the isotopically labeled 
starting material (r-MH) and product con- 
firmed the quantitative nature of the reac- 
tion. Table 1 summarizes the EI mass spectra 
of l-MH and p-MH derivatives of trifluoro- 
acetic (TFA), hepafluorobutyric (HFBA), and 
acetic anhydrides formed in the presence or ab- 
sence of pyridine at room temperature. The 
l-MH and p-MH derivatives exhibit similar 
spectra for each method of derivatization. 
The fragmentation patterns allow the 
identification of the derivatives as either bis- 
or mono- as well as assign the location of 
the acyl groups. Thus, all of the mono- 
derivatives are linked through the primary 
amine of the side chain since their spectra 
exhibit the appropriate molecular ions, 
as well as those ions corresponding to the 

loss of the uncharged amide (i.e., [M- 
RCONH.J+). The bis-derivative spectra 
reveal the loss of the monoamide as well as 
the retention of a second fluoroacyl group 
on the imidazole ring. Although the substitu- 
ent must either be in the 2- or 4-position, 
the spectra do not permit the distinction 
between these. Further evidence for the 
presence of derivatized primary amines in 
all cases is the loss of ninhydrin sensitivity. 
Table 1 indicates that the formation of the 
bis-derivatives of both methylhistamines re- 
quires the presence of pyridine as well as a 
halogenated anhydride at room tempera- 
ture. Thus, the omission of pyridine uni- 
formly yielded the monoderivatives as did 
the use of pyridine with acetic anhydride. 
In most cases, attempted derivatization at 
higher temperatures gave more than one 
product. Using the gc conditions described, 
all of the derivatives of Table 1 gave sym- 
metrical total ion chromatograms with re- 
tention times between 1.5 and 6.8 min at 
16OC. In all cases, the r-MH derivative had 
the shorter retention time. The retention 
times of the bis-p-MH derivatives are nearly 
twice those of its t-isomer, allowing excel- 
lent separation. 

The assay for I-MH is outlined in Fig. 2. 
JJ-MH serves as an ideal internal standard 
since it is extracted and derivatized simi- 
larly to r-MH, yet the derivatives are easily 
separable by gc, The recovery of l-MH 
ranges from 75-90% through the proce- 
dure. As shown in Table 1, the HFBA 
derivatives of l- and p-MH give large m/e 
135, 291, and 304 in their mass spectra. 
Thus, the results of t-MH assays, as de- 
picted in Fig. 2, are obtained by monitor- 
ing these ions following sample injection. 
Figure 3 shows the monitoring of m/e 304 
and 291 following the assay of standards or 
brain extracts. Figure 3A demonstrates the 
separation of the l-MH and p-MH deriva- 
tives of standards at 18W, with retention 
times of 1.15 and 2.18 min, respectively. 
Figure 3B indicates that brain tissue con- 
tains t-MH, since its analysis produced 
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ii. # 
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FIG. 3. Mass fragrnentography of standard and rat brain fek-methylhistamine. Standards or 
supematant fractions of brain homogenates were extracted, evaporated to dryness, derivatized, 
and analyzed by combined gas chromatography-mass spectrometry, as shown in Fig. 2 and de- 
scribed in detail under Methods. The gas chromato~aphy was carried out with 1.7% OV-17 on 
Chromasorb G at 180°C using helium as the carrier gas. The ion intensities are plotted versus 
the time following sample injection, in scan numbers. Retention times for these bis(heptafluoro- 
butyryl) derivatives are 1.15 and 2.18 mitt for rek (r-) and pros (p-) methylhistamine (MH), re- 
spectively. Specific ion monitoring of tn/e 304 and 291 are shown for the assay of (A) 20 ng &MH 
and p-MH standards, (b) rat brain homogenate alone, (C) the same homogenate to which was 
added standard p-MH, and (Dj that homogenate containing both standards. The presence of 
r-MH in rat brain, as well as the absence ofp-MH is evident. 
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peaks in the scans ofmle 304 and 291 at the 
retention time of the standard and in the 
correct proportion. Furthermore, p-MH is 
not detected in brain. The detection of inter- 
nal standard after its addition to a brain 
homogenate is shown in Fig. 3C. Figure 3D 
further verifies the existence of endogenous 
t-MH, since the addition of standard t-MH 
to the homogenate increased the f-MH/ 
p-MH ratio. Since m/e 304 is monitored for 
both compounds, the area corresponding to 
r-MH divided by that of p-MH is propor- 
tional to the t-MH content when a constant 
amount of p-MH is added to each sample 
(Fig. 4). The l-MH standard curve is 
linear from 1 to 40 ng as assayed from 1 
ml of perchloric acid. 

The l-MH content of several tissues has 
been obtained using the current method 
(Table 2). The results confirm the sugges- 
tion that many tissues contain f-MH, al- 
though the content varies a great deal. 
Gastric mucosal l-MH was found to be 713 

rig/g, two- or threefold higher than the con- 
tent of lung and spleen which, in turn, is 
more than fivefold that found in liver and 
kidney. Rat brain t-MH is 42.4 rig/g, simi- 
lar to that found earlier in guinea pig brain. 
Furthermore, none of the tissues contained 
measurable p-MH when assayed without 
the addition of this internal standard. 

DISCUSSION 

Under the conditions described, the de- 
rivatization of f- and p-MH with perhalo- 
aliphatic anhydrides quantitatively pro- 
duces one compound which has been identi- 
fied in all cases by mass spectrometry. 
Furthermore, the heptafluorobutyryl deriva- 
tives are known to be stable in dry benzene 
up to 3 h at room temperature. Their 
stability has not been systematically studied 
beyond this point. Navert (12) reported the 
gc characteristics of HFBA and TFA deriva- 
tives of f- and p-MH. Our results confirm 

FIG. 4. Standard curve for rele-methylhistamine. One-milliliter samples containing l-40 I.&- 
methylhistamine (t-MH) and 20 ng pros-methylhistamine (p-MH) were extracted, evaporated to 
dryness, and derivatized with heptafluorobutyric anhydride as described in Fig. 2 and under 
Methods. These derivatives were assayed using combined gas chromatography-mass spectrom- 
etry. Monitoring m/e 304 (the major fragment of both derivatives) yields two peaks, whose 
areas are plotted as shown. The area under m/e 304 corresponding to r-MH is linear with r-MH 
concentration, when corrected for recovery by dividing by the m/e 304 area corresponding to 
p-MH. Each point was determined from one sample injection of standards assayed in single tubes. 
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TABLE 2 

k?k-METHYLHISTAMINE CONTENTOF sOME TISSUES' 

Tissue 

Whole brain 

Cerebellum 
Cerebral cortex 
Gastric mucosa 
Lung 
Kidney 
Liver 
Spleen 

Species 

Rat 
Guinea pig 
Cat 
Cat 
Cat 
Cat 
Cat 
Cat 
Cat 

r-MH Literature 
hwh3 Wd 

42.4 Not detected 
- 72 
94.9 100 (cortex) 

174.6 300 
712.6 1100 
183.1 700 
49.3 200 
54.1 200 

378.6 500 

Reference 

18 
10 
18 
18 
18 
18 
18 
18 
18 

0 The results shown represent the mean of eight rat brains and duplicate cat tissues. Although the present 
results generally suggest lower f-MH levels, the vahres compare favorably with those of White (18). 

the formation of the TFA derivatives at 
room temperature without pyridine, al- 
though Navert did not report the extent of 
derivatization or the identity of the deriva- 
tives. As mentioned, under these conditions 
only the monoderivatives are formed. It 
should be pointed out that the bis-deriva- 
tives are clearly preferable for the gc 
analysis of the compounds, whether the de- 
tector is a mass spectrometer or an elec- 
tron capture device, The higher masses are 
more desirable for the former and the addi- 
tion of the haloacyl group to the aromatic 
nucleus would enhance detection by the 
latter. Both Navert (12) and Mahy and Gelpi 
(13) have reported that the N-trimethylsilyl 
derivatives off- and p-MH can be success- 
fully formed and detected by gc. The latter 
authors also presented mass spectral evi- 
dence for the existence of the bis-(JV- 
trimethylsilyl)-t-MH, although the stability or 
the extent of derivatization was not men- 
tioned. To our knowledge, the current 
report is the first successful gc application 
for the analysis off-MH from tissue sources. 

The assay, as described under Methods, 
represents several improvements over an 
earlier method, the subject of a preliminary 
communication (14). Thus, chloroform 
has been replaced by butanol-chloroform 
in the first organic extraction. The latter, 
although somewhat less selective, gives 

higher recoveries. The evaporation of the 
chloroform at room temperature under 
nitrogen resulted in the loss of 20-30% of 
t-MH as the free base. This step has been 
replaced by the back-extraction with a small 
volume of acid. The subsequent evapora- 
tion to dryness produces a residue which 
can be stored for several days at 4’C without 
sample decomposition. The use of HFBA 
as the derivatizing reagent is best, not only 
because of the selectivity of the higher 
masses, but because of the increased lipo- 
philicity of the derivatives, permitting the 
benzene extraction. Because of its lesser 
toxicity, toluene probably can and should be 
used instead of benzene. The optimum pH has 
been determined to be between 6.5 and 8 
for this extraction, since significant imid- 
azole ionization probably occurs below this 
range and losses in recovery were realized 
using solutions whose pH were 9 or higher. 
Thus, benzene extractions of derivatives 
from pH 13 solutions gave no products, 
presumably due to breakdown. When used 
as described, the Tris buffer yields solu- 
tions of pH 6.5 to 7.5. The difficulties in 
attaining pH 8 are enhanced by the pyridine, 
pKa 5.2, and by the limited volume of the 
vials used. 

Our findings of no p-MH in rat brain are 
similar to the earlier report of Nakajima 
et al. (15) who found none in bovine brain. 
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It is aIs0 of considerable interest that no 
@IFI was found in other tissues examined, 
since its carboxylated analog (l- or pras- 
methylhistidine) is a known constituent 
of anserine (16) and homoanserine (17). 
Caution must be made in using the present 
internal standard in tissue without first 
examining it for endogenousp-MH, particu- 
larly in muscle where the methylated amino 
acid may exist in measurable quantities. 

The present results confirm those of Fram 
and Green (8) who suggested that the rat 
brain contains f-MH. The Z-MH content 
(mean z!z SEM) has now been found to be 
42 2 3.2 r&g (Table 2). Furthermore, the 
value is similar to that found for the guinea 
pig brain. The lack of sensitivity of the pre- 
viously used method is probably the ex- 
planation for one investigator’s inability to 
identify rat brain f-MH (18). We have re- 
cently described the regional rat brain f-MH 
as well (19). The f-MH content found in the 
cat tissues suggests that previous methods 
may have slightly overestimated the values. 
With the exception of the lung, however, 
the values compare favorably. This is all the 
more impressive when it is realized that 
each value was obtained by the assay of the 
combined organs of six cats. The large 
variation in the r-MH content of these or- 
gans may be due to variable amounts of 
d&nine oxidase or to different turnover 
rates of histamine in these tissues. 
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